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RIBCYS PATENT BY MAX 

 

 

SUMMARY OF THE INVENTION 

 
[0015] The present invention provides a method to treat a mammal threatened by, or 

afflicted with a hypoxic condition (hypoxia) comprising administering an effective 

amount of a compound of formula (Ia): 

       

(RibCys) or a pharmaceutically acceptable salt thereof, effective to counteract the 

effects of said hypoxia in the tissue(s) of said mammal. Although depressed glutathione 

levels have been implicated in a number of hypoxic conditions, as discussed above, the 

use of RibCys or its salts to prevent, counteract or otherwise treat such conditions has 
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not been reported. It is believed that simply administering a GSH precursor such as 

cysteine will not be as effective in many instances of hypoxia, when the depletion of ATP 

stores contributes to inhibition to the biosynthesis of GSH. As well as functioning as a 

prodrug for cysteine, administration of effective amounts of RibCys can deliver amounts 

of ribose to ATP-depleted tissues that stimulate the in vivo synthesis of ATP and that 

also can stimulate the synthesis of NADPH (nicotinamide adenine dinucleotide 

phosphate, reduced). This coenzyme supplies the electrons to glutathione reductase, 

which in turn recycles oxidized GSH via GSSG, to free GSH, which resumes its protective 

role as a cofactor for antioxidant enzymes in the cell. Optionally, compound (Ia) can be 

administered With an additional amount of free ribose. Preferably, administration will 

be by oral administration, particularly in prophylactic or pre-loading situations, but 

parenteral administration, as by injection or infusion, may be necessary in some 

situations. 
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1. RiboCeine Shown to Protect Against Oxidative Stress 

 

Roberts JC, Nagasawa HT, Zera RT, Fricke RF, Goon DJW.  Prodrugs of L-Cysteine as 

Protective Agents against Acetaminophen-Induced Hepatotoxicity.  

2-(Polyhydroxyalkyl)- and 2-(Polyacetoxyalkyl) thiazolidine-4(R)-carboxylic Acids.  

Journal of Medicinal Chemistry.  1987, 30:1891-1896. 

 

Study Background 
 

Oxidative stress is a metabolic condition where excess free radicals are being produced.  

Chronic oxidative stress has been associated with many diseases and disorders including 

cardiovascular diseases, neurodegenerative disorders, cataract formation, inflammatory 

diseases, etc.  Although there is no proven relationship that oxidative stress is the 

cause of these diseases, there is a significant body of evidence that oxidative stress (low 

glutathione levels) is prevalent in many disease states and disorders. 

 

Basic science researchers in pursuit of determining whether certain compounds are 

effective in reducing oxidative stress require animal models to conduct their 

experiments.  To mimic chronic oxidative stress in animals, an acute oxidative stress 

model is used to permit these experiments to be conducted in shorter time periods, 

thereby saving on time and cost.  A widely accepted acute oxidative stress animal 

model is the acetaminophen over-dose model, wherein severe depletion of liver 

glutathione is manifested when toxic doses are administered. 

 

Acetaminophen, a widely used pain killer, is not toxic at recommended doses, and is 

readily metabolized by the liver to non-toxic products, which are then excreted in the 

urine.  However at high or toxic doses, the normal metabolic pathways become 

overwhelmed and the liver will, ironically, metabolize acetaminophen through a 

different pathway that produces a very reactive and toxic metabolite, thus triggering the 

development of acute oxidative stress.  This toxic metabolite is detoxified by liver 

glutathione; however, once liver glutathione becomes depleted, this toxic metabolite 

will react with liver cells leading to liver necrosis and eventually death of the animals. 

http://pubs.acs.org/doi/abs/10.1021/jm00393a034?journalCode=jmcmar
https://www.ncbi.nlm.nih.gov/pubmed/?term=3656363


11 
 

 

To overcome acetaminophen-induced acute oxidative stress that causes severe 

depletion of liver glutathione, researchers administer test compounds believed to 

ǇǊƻƳƻǘŜ ǾŀǊȅƛƴƎ ŘŜƎǊŜŜǎ ƻŦ ƎƭǳǘŀǘƘƛƻƴŜ ǇǊƻŘǳŎǘƛƻƴΦ  ¢ƘŜ ŎƻƳǇƻǳƴŘΩǎ ŜŦŦŜŎǘƛǾŜƴŜǎǎ ƛǎ 

determined by the level of protection it provides to the liver, and its ability to prevent 

animal death.  Those compounds that exhibit the best protection to the liver and 

having the highest animal survival rates are deemed to be the superior compounds.  

¢ƘŜ ƭŜǾŜƭ ƻŦ ǇǊƻǘŜŎǘƛƻƴ ŘƛǊŜŎǘƭȅ ŎƻǊǊŜƭŀǘŜǎ ǿƛǘƘ ǘƘŜ ŎƻƳǇƻǳƴŘΩǎ ŀōƛƭƛǘȅ ǘƻ ƛƳǇǊƻǾŜ ƭƛǾŜǊ 

glutathione levels. 

 

Summary:  In this study, a total of 8 sulfhydryl-protected L-cysteine compounds, in 

addition to N-acetylcysteine (NAC) which is not sulfhydryl-protected, were evaluated in 

an in vivo mouse model to determine their ability to protect against liver toxicity from a 

high dose of acetaminophen.  RiboCeine was among the sulfhydryl-protected 

compounds tested.  In protecting the sulfhydryl (SH) group of L-cysteine, the authors 

used naturally-occurring endogenous substances to avoid any possibility of toxicity by 

the protecting substance itself.  

 

Part 1:  The experimental protocol involved the administration of a lethal dose (LD90) 

of acetaminophen where 90% of the mice were expected not to survive plus the test 

compounds.  Toxicity was assessed on the basis of overall survival of the animals at 

48 hours, as well as histological (cell pathology) criteria of liver cell damage assessed 

ōȅ ŀƴ ƛƴŘŜǇŜƴŘŜƴǘ ǘƘƛǊŘ ǇŀǊǘȅ άǿƘƻ ƘŀŘ ƴƻ ƪƴƻǿƭŜŘƎŜ ƻŦ ǘƘŜ ŜȄǇŜǊƛƳŜƴǘŀƭ 

ǇǊƻǘƻŎƻƭǎ ƻǊ ǎŀƳǇƭŜ ƛŘŜƴǘƛǘȅέΦ  wƛōƻ/ŜƛƴŜ ǿŀǎ ǘƘŜ ƻƴƭȅ ŎƻƳǇƻǳƴŘ ǘŜǎǘŜŘ ǿƘŜǊŜ ƴƻ 

animal death occurred at 48 hours.  All other compounds tested had varying rates 

of animal survival between 30% to 94%.  The animals without intervention had only 

ŀ мт҈ ǎǳǊǾƛǾŀƭ ǊŀǘŜΦ  wƛōƻ/ŜƛƴŜ άǎƘƻǿŜŘ ǘƘŜ ōŜǎǘ ƘƛǎǘƻƭƻƎƛŎŀƭ ǇǊƻŦƛƭŜέ ǿƛǘƘ ŀƭƭ 

animals showing a necrosis rating of +2 or below (range 4+ to 0).  All other 

compounds tested had animals with histological ratings of 4+. 

 

Part 2:  In the in vitro study with cultured hepatocytes (liver cells), RiboCeine at 

40% of the dose of NAC raised liver cell glutathione levels 130% better than NAC.  

Since BSO, an inhibitor of glutathione synthesis, prevented this glutathione increase, 

it was concluded that the L-cysteine from RiboCeine must have been utilized in the 

newly formed glutathione.   
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Conclusion:  The collective in vivo and in vitro data suggested that RiboCeine was 

readily bioavailable, was superior to the other compounds tested, and should serve as 

an effective cysteine delivery system to the liver. 

 

 

 

 

RIBOCEINE WAS SHOWN TO BE 300% MORE EFFECTIVE  

THAN NAC IN RAISING LIVER GLUTATHIONE LEVELS 
 

 
 

On the table above, even though 2 ½  times more NAC was used in the incubation of 

these hepatocytes, the glutathione levels were 30% lower than the cells that were 

incubated with RiboCeine (RibCys).  Therefore, RiboCeine was at least 300% more 

effective in raising liver cell glutathione than NAC was in this liver cell model. 
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http://www.sciencedirect.com/science/article/pii/037842749190078K 

https://www.ncbi.nlm.nih.gov/pubmed/?term=1755032 

 

2. Organ Glutathione Levels after RiboCeine 

 

Roberts, J.C.; Francetic, D.J. Time course for the elevation of glutathione in numerous 

organs of L1210-bearing CDF1 mice given the L-cysteine prodrug, RibCys. Toxicology 

Letters, 1991, 59, 245-251. 

 

Study Background 
 

It is well accepted by the scientific community that glutathione levels in cells are 

homeostatically controlled, and dramatic elevations in glutathione levels are not 

expected because its biosynthesis is stringently controlled by feedback inhibition1.  

Therefore, glutathione may only achieve a certain level before the biosynthetic 

machinery would be turned off, regardless of the level of amino acid precursors available 

in the cell1.  However, in the presence of a toxic substance that requires glutathione for 

detoxification, the levels of glutathione in the liver are continually decreasing and 

virtually depleted in some cases (acetaminophen overdoses).  The value of these 

ƎƭǳǘŀǘƘƛƻƴŜ ŜƭŜǾŀǘƛƻƴ ǎǘǳŘƛŜǎ ƛǎ ƴƻǘ ƛƴ ǘƘŜ άŀōǎƻƭǳǘŜ ƛƴŎǊŜŀǎŜ ƻŦ ƎƭǳǘŀǘƘƛƻƴŜ ŀŎƘƛŜǾŜŘέΣ 

ōǳǘ ǊŀǘƘŜǊ ǘƘŜ ŎƻƳǇƻǳƴŘΩǎ ŀōƛƭƛǘȅ ǘƻ Ƴŀƛƴǘŀƛƴ ƎƭǳǘŀǘƘƛƻƴŜ ƭŜǾŜƭǎ ǳƴŘŜǊ ƻȄƛŘŀǘƛǾŜ ǎǘǊŜǎǎ 

conditions. 

 

Glutathione levels in many organs fall as the result of fasting, and therefore, compounds 

can be tested in fasting animals for their ability to elevate and maintain organ 

glutathione. 

 

Summary:  In this study, RibCys (RiboCeine) was evaluated in fasting mice for its 

ability to improve glutathione levels in numerous organs at different time points after 

RiboCeine administration.  After 8 to 10 hours of fasting, glutathione levels dropped 

approximately 43% in the liver, 41% in the bladder, 31% in the kidney, 25% in the heart 

and 60% in muscle.  Other organs, such as the spleen, pancreas and lung, showed no 

significant differences in glutathione levels between the two nutritional states.   

 

http://www.sciencedirect.com/science/article/pii/037842749190078K
https://www.ncbi.nlm.nih.gov/pubmed/?term=1755032


14 
 

Results:  άDƭǳǘŀǘƘƛƻƴŜ ƛƴ ǘƘŜ ƭƛǾŜǊ ǿŀǎ ŜƭŜǾŀǘŜŘ мΦр ŦƻƭŘ ŎƻƳǇŀǊŜŘ ǘƻ ǳƴǘǊŜŀǘŜŘ 

controls at the 16 hour time point.  Kidney glutathione also was maximal at 16 hours 

and achieved 1.6 times control values.  Glutathione in muscle achieved 2.5 times the 

ƭŜǾŜƭǎ ƛƴ ŎƻƴǘǊƻƭ ŀƴƛƳŀƭǎΣ ǿƘƛƭŜ ǘƘŜ ōƭŀŘŘŜǊ ǿŀǎ ŜƭŜǾŀǘŜŘ нΦм ŦƻƭŘ ŀƴŘ ǘƘŜ ƘŜŀǊǘ мΦу ŦƻƭŘΦέ   

 

Conclusion:  ThŜ ŀǳǘƘƻǊǎ ŎƻƴŎƭǳŘŜŘ ǘƘŀǘ άwƛō/ȅǎ ǿŀǎ ŀōƭŜ ǘƻ ƳŀƛƴǘŀƛƴΣ ŀƴŘΣ ƛƴ ǎƻƳŜ 

organs, continued to elevate glutathione even though the animals were subject to 

ŎƻƴǘƛƴǳŜŘ ŦŀǎǘƛƴƎέΦ  ά¢ƘŜ ǊŜǎǳƭǘǎ ŦǊƻƳ ǘƘŜ ǇǊŜǎŜƴǘ ǎǘǳŘƛŜǎ ǎǳǇǇƻǊǘ ǘƘŜ ƘȅǇƻǘƘŜǎƛǎ ǘƘŀǘ 

RibCys can serve as a reservoir for the crucial glutathione precursor, L-cysteine, and 

Ŏƻƴǘƛƴǳŀƭƭȅ ǎǳǇǇƭȅ ǘƘŜ ŀƳƛƴƻ ŀŎƛŘ ŀǎ ƎƭǳǘŀǘƘƛƻƴŜ ǎȅƴǘƘŜǎƛǎ ǇǊƻŎŜŜŘǎΦέ 
 

1 Meister A, J., Glutathione metabolism and its selective modification. Biol. Chem. 1988, 273, 17205-17208. 
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http://www.sciencedirect.com/science/article/pii/S1931524407000436 

https://www.ncbi.nlm.nih.gov/pubmed/?term=17656332 

 

3. Inflammatory Bowel Disease and Glutathione 

 

Oz HS, Chen TS, Nagasawa H.  Comparative efficacies of two cysteine prodrugs and a 

glutathione delivery agent in a colitis model.  Translational Research, 2007:150(2), 

122-129. 

 

Study Background 
 

Glutathione is the most important endogenous antioxidant for cellular defense against 

oxidative stress, and is vital for the integrity of the gut.  Oxidant-mediated injury plays 

an important role in the pathophysiology of inflammatory bowel disease (IBD).  

Reactive oxygen species (ROS) have been implicated in the tissue destruction observed 

in IBD.  These ROS include hydroxyl radical, superoxide radical, hydrogen peroxide and 

nitric oxide.  ROS are extremely unstable because of their high reactivity, and can lead 

to lipid peroxidation and the oxidation of DNA and proteins. 

 

Summary: Dextran sodium sulfate (DSS) induced colitis is a well-accepted model that 

produces colonic inflammation of the gut. This study compared the protective effects of 

three glutathione promoting agents that included RiboCeine.  In this mouse model of 

colitis, these compounds were incorporated into the daily chow. The animals were 

provided with normal drinking water, but after three days, the water was supplemented 

with DSS. All animals remained on the assigned diets until they were euthanized on day 

10. Mice administered DSS developed severe colitis and suffered weight loss.  

 

Results:  Colonic lesions significantly improved when RiboCeine was incorporated in 

the food (P< 0.001).  Colon lengths of the colitis mice (DSS) were significantly 

decreased because of mucosal inflammation, edema and thickening (control 109±2.8 

mm verses DSS 66±2.8 mm, P<0.001).  In contrast, this decrease in colon length was 

significantly attenuated when treated with RiboCeine (84±4.2 mm, P<0.001) which is 

consistent with reduced inflammation of their colonic tissue.  The mice receiving 

RiboCeine/ chow had improved weight gains with no significant difference noted 

http://www.sciencedirect.com/science/article/pii/S1931524407000436
https://www.ncbi.nlm.nih.gov/pubmed/?term=17656332
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between normal control mice (control 29±0.9; DSS 26±1.0 grams) and RiboCeine (29±0.9 

grams).  Liver concentration of reduced glutathione, the major source of gut 

antioxidant, was depleted in colitis animals (DSS 4.81 +/ -micromole/gram; control 6.53 

+/ -micromole/gram) and normalized with RiboCeine administration (P>0.05).  

 

Conclusion: RiboCeine reduced disease activity in the mouse model of DSS induced 

colitis by restoring colonic glutathione, and may be a useful dietary supplement for the 

prevention or possible palliation of IBD in humans. 
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http://www.sciencedirect.com/science/article/pii/S0194599810006455?np=y 

http://www.ncbi.nlm.nih.gov/pubmed/20723783 

 

4. Antioxidant Therapy Prevents Age-Related Hearing Loss 

 

Heman-Ackah SE, Juhn SK, Huang TC, Wiedmann TS.  A combination antioxidant 

therapy prevents age-related hearing loss in C57BL/6 mice.  Otolaryngology-Head 

and Neck Surgery. 2010:143,429-434. 

 

Study Background 
 

Age-related hearing loss (ARHL or presbycusis) refers to a gradual, progressive hearing 

loss that accompanies aging.  The hearing loss is typically described as 

downward-sloping high frequency loss but may be associated with various types of 

system dysfunctions that progress with aging.   

 

Age-related hearing loss is one of the most common conditions affecting the elderly 

population.  Approximately 35 percent of adults age 65 and older have been reported 

to have some degree of age-related hearing loss.  It is projected that by 2025, 

approximately 24.5 million Americans will be affected.  Age-related hearing loss 

ŘƛǎŀōƭŜǎ ŀƴ ƛƴŘƛǾƛŘǳŀƭΩǎ ŀōƛƭƛǘȅ ǘƻ ŎƻƳƳǳƴƛŎŀǘŜΣ ǘƘŜǊŜōȅ ŜŦŦŜŎǘƛǾŜƭȅ ƧŜƻǇŀǊŘƛȊƛƴƎ ǘƘŜƛǊ 

autonomy.  Patients often experience associated depression and social withdrawal.  

Thus, age-related hearing loss presents a major public health concern. 

 

Oxidative injury caused by free-radical damage is perhaps the most fundamental cause 

of age-related pathology in the biological aging of cells.  Oxidative damage may be an 

important intrinsic factor in the pathogenesis of presbycusis.  Increased concentrations 

of free radicals [(ROS) and reactive nitrogen species (RNS)] are implicated as a mediator 

of oxidative stress and damage to the inner ear in ARHL. 

 

Summary:  This study uses a strain of mice that progressively lose their hearing over 

their lifetime, and is a widely accepted model for the study of ARHL.  A combination 

antioxidant cocktail which included RiboCeine, a critical precursor of cysteine for the 

biosynthesis of glutathione, was administered.  The rationale for creating a 

http://www.sciencedirect.com/science/article/pii/S0194599810006455?np=y
http://www.ncbi.nlm.nih.gov/pubmed/20723783
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combination of antioxidant treatment was to target multiple sites within the oxidative 

pathway to retard or prevent oxidative stress. 

 

Results:  The data demonstrated that the administration of this combination of 

antioxidants to this animal model greatly attenuated the presentation of ARHL at all 

frequency levels compared to the control group. 

 

Conclusion:  The administration of combination antioxidants, which included 

RiboCeine, attenuated the presentation of AHRL, suggesting that such combinations 

might be useful in preventing or delaying ARHL, a major public health problem.    
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http://www.atherosclerosis-journal.com/article/S0021-9150%2814%2901556-1/abstract 

https://www.ncbi.nlm.nih.gov/pubmed/?term=25463112 

 

5. RiboCeine and Cardiovascular Health 

 
Kader, T.; Porteous C.M.; Williams M.J.A.; Gieseg, S.P.; McCormick, S.P.A.  

Ribose-cysteine increases glutathione-based antioxidant status and reduces LDL in 

human lipoprotein(a) mice.  Atherosclerosis.  2014, 237, 725-733. 

 

Overview:  Glutathione is a co-factor for glutathione peroxidase, the enzyme that 

catalyzes the detoxification of lipid peroxides.  A low glutathione peroxidase activity 

and increased oxidized lipids are associated with cardiovascular disease.1   

 

Methods:  Human lipoprotein(a) transgenic mice were treated with 4 mg/day 

ribose-cysteine (0.16 g/kg body weight) for 8 weeks.  Livers and blood were harvested 

from treated and untreated controls (n = 9 per group) and glutathione concentrations, 

glutathione peroxidase activity, thiobarbituric acid reactive substances (TBARS), 

8-isoprostanes and plasma lipid concentrations were measured.  

 

Results:  Ribose-cysteine increased glutathione concentrations in the liver and plasma 

(P < 0.05).  Glutathione peroxidase activity was increased in both liver (1.7 fold, P < 

0.01) and erythrocytes (3.5 fold, P < 0.05).  TBARS concentrations in the liver, plasma 

and aortae were significantly reduced with ribose-cysteine (P < 0.01, P < 0.0005 and P < 

0.01, respectively) as were the concentrations of 8-isoprostanes in the liver and aortae 

(P < 0.0005, P < 0.01, respectively).  Ribose-cysteine treated mice showed significant 

decreases in Low Density Lipoproteins, human lipoprotein(a) and apoB concentrations (P 

< 0.05, P < 0.01 and P < 0.05, respectively), an effect which was associated with 

upregulation of the Low Density Lipoproteins receptor (LDLR). 

 

Conclusion:  As ribose-cysteine lowers Low Density Lipoproteins, human 

lipoprotein(a) and oxidized lipid concentrations, it might be an ideal intervention to 

increase protection against the development of atherosclerosis. 

 
1 Blankenberg, S. et al.  Glutathione Peroxidase 1 Activity and Cardiovascular Events in Patients with Coronary Artery Disease.  New 

England Journal of Medicine. 2003:349:1605-1613. 

 

http://www.atherosclerosis-journal.com/article/S0021-9150%2814%2901556-1/abstract
https://www.ncbi.nlm.nih.gov/pubmed/?term=25463112
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http://www.americanjournalofsurgery.com/article/S0002-9610%2815%2900135-X/abstract 

https://www.ncbi.nlm.nih.gov/pubmed/?term=25935230 

 

6. RiboCeine and Wound Healing 

 

Saltman, A.E.  D-Ribose-L-Cysteine supplementation enhances wound healing in a 

rodent model.  The American Journal of Surgery.  2015:210:153-158. 

 

Overview:  Wound healing and chronic wounds are serious public health issues.  

While wounds heal, cellular stores of antioxidants are depleted. D-ribose-L-cysteine is a 

precursor to the antioxidant glutathione.  The effect of oral supplementation with 

D-ribose-L-cysteine on wound healing was studied in rats. 

 

Methods:  A rodent model of calibrated wounding was used.  Group A rats were 

given D-ribose-L-cysteine for 1 week before wounding and for 3, 7, or 14 days after 

wounding.  Group B rats were given D-ribose-L-cysteine only after wounding.  Control 

animals were given no supplement.  Photographic comparisons were made to study 

wound edema and inflammation.  Wound strength was determined by using a 

laser-vacuum device. 

 

Results:  During healing, both Group A and B animals showed less edema and 

inflammation than Control.  Group A animals had the weakest wounds at 3 days after 

surgery, but the strongest wounds after 14 days.  Group B animals had similar wound 

strength to Control animals at 7 days, but stronger wounds after 14 days. 

 

Conclusion:  D-ribose-L-cysteine supplementation appears to reduce wound 

inflammation early after wounding and enhance wound strength by 14 days.  This 

suggests that increased intracellular glutathione levels may improve and enhance wound 

healing. 

 

 

 

 

 

 

http://www.americanjournalofsurgery.com/article/S0002-9610%2815%2900135-X/abstract
https://www.ncbi.nlm.nih.gov/pubmed/?term=25935230
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http://ntrs.nasa.gov/search.jsp?R=20000109818#.T-uOyix66kI.mailto 

https://www.ncbi.nlm.nih.gov/pubmed/?term=14565824 

 

1. RibCys ς High LET Radiation (NTRS) 

Lenarczyk, M.; Ueno, A.; Vannais, D.B.; Kraemer, S.; Kronenberg, A.; Roberts, J.C.; 

Tatsumi, K.; Hei, T.K.; Waldron, C.A. The "Pro-drug" RibCys Decreases the 

Mutagenicity of High-LET Radiation in Cultured Mammalian Cells. Radiation Research, 

2003, 160, 579-583. 

 

 

http://ntrs.nasa.gov/search.jsp?R=20000109818#.T-uOyix66kI.mailto
https://www.ncbi.nlm.nih.gov/pubmed/?term=14565824
http://www.rrjournal.org/doi/pdf/10.1667/3065
http://www.rrjournal.org/doi/pdf/10.1667/3065
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https://www.ncbi.nlm.nih.gov/pubmed/?term=15910414 (Free full text) 

http://onlinelibrary.wiley.com/doi/10.1111/j.1742-7843.2005.pto_96613.x/full 

 

2. Effect of Ribose Cysteine Pretreatment 

 

Lucas Slitt, A.M.; Dominick, P.K.; Roberts, J.C.; Cohen, S.D. Effect of Ribose Cysteine 

Pretreatment on Hepatic and Renal Acetaminophen Metabolite Formation and 

Glutathione Depletion. Basic Clin. Pharmacol. Toxicol., 2005, 96 (6), 487-94. 

 

 

Results  
ü Ribose cysteine treatment reversed the acetaminophen-induced decline in hepatic 

non-protein sulfhydryl and renal GSH. 

ü Ribose cysteine treatment altered acetaminophen metabolite concentration in liver 

and kidney. 

ü Ribose cysteine does not inhibit acetaminophen activation in vitro. 

ü Since Buthionine sulfoximine pretreatment prevented the de novo biosynthesis of 

glutathione from RibCys, the mechanism by which RibCys protected against 

acetaminophen was by the synthesis of new glutathione. 

 

 

*Acetaminophen = Tylenol  

https://www.ncbi.nlm.nih.gov/pubmed/?term=15910414
http://onlinelibrary.wiley.com/doi/10.1111/j.1742-7843.2005.pto_96613.x/full
http://onlinelibrary.wiley.com/doi/10.1111/j.1742-7843.2005.pto_96613.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1742-7843.2005.pto_96613.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1742-7843.2005.pto_96613.x/abstract
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http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2756154/ (NIH Public Access) 

http://opensample.info/glutathione-dysregulation-and-the-etiology-and-progression-of-human-diseases 

 

3. GSH and Disease Progression 

 

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. 
 
 

 

 

    

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2756154/
http://opensample.info/glutathione-dysregulation-and-the-etiology-and-progression-of-human-diseases
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http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4691126/ (Free PMC Article) 

http://www.mdpi.com/1422-0067/16/12/26183 (MDPI Open Access) 

 

4. Heavy Metals and Human Health 

 
Jan AT, Azam M, Siddiqui K, Ali A, Choi I, Haq QM. Heavy Metals and Human Health: 

Mechanistic Insight into Toxicity and Counter Defense System of Antioxidants. Int J 

Mol Sci. 2015 Dec 10; 16(12):29592-630. 
 
 

 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4691126/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4691126/
http://www.mdpi.com/1422-0067/16/12/26183
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