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Introduction: Excessive production of oxygen and nitrosyl 
radicals has been regarded as a  causative common denominator 
of many pathological processes in animal kingdom. Scavenging 
of free radicals can act preventively or therapeutically. 
A number of substances that preferentially react with free 
radicals can serve as the scavengers, thus increasing internal 
capacity/activity of endogenous antioxidants. 
Molecular hydrogen (H2) reacts with strong oxidants, such 
as hydroxyl and nitrosyl radicals in cells, allowing use of 
its potential for preventive and therapeutic applications in 
situations with excessive free radicals formation. H2 rapidly 
diffuses into tissues and cells without affecting signaling 
reactive species. H2 also reduces oxidative stress by regulating 
gene expression and functions as an anti-inflammatory and 
anti-apoptotic agent.
Production of radicals: There are numerous situations with 
established excessive production of ROS, like radiation, 
ischemia and reperfusion, preconditioning, postconditioning, 
inflammation, rheumatoid arthritis, cancer, diabetes, and 
number of other pathologies including ageing (1).
Oxidative stress occur due to the imbalance between the 
production of reactive oxygen and nitrogen species and the 
capability of innate biological systems to eliminate reactive 
intermediates. 

 

 

1.  
Unlike superoxide, which can be detoxified by superoxide 
dismutase, the hydroxyl radical cannot be eliminated by an 
enzymatic reaction. 
Mechanisms for scavenging peroxyl radicals for the protection 
of cellular structures includes endogenous antioxidants such 
as melatonin and glutathione, and dietary antioxidants such as 
mannitol and vitamin E.
Formation of peroxynitrite in vivo has been ascribed to the 
reaction of the free radical superoxide with the free radical – 
nitric oxide as follows: •O−2 + •NO → ONO−2 and H2O2 + NO−2 
→ ONOO− + H2O

In vivo, peroxynitrite generation represents a  crucial 
pathogenic mechanism in conditions such as stroke, 
myocardial infarction and chronic heart failure.
Oxidative stress and/or nitrosative stress caused by H2O2 and 
•NO (resulting in peroxinitrite) induces enzymes involved 
in antioxidation and oxidative damage (2). Hydroxyl and 
nitrosyl radicals represent the major cause of the destruction 
of biomolecules either by a direct reaction or by triggering 
a  chain reaction of free radicals.
Scavenging of free radicals act preventively or therapeutically. 
A  number of substances serve as scavengers, protecting cells 
and tissues against oxidative damage. Early research identified 
sulfur-containing antioxidants, later low molecular weight 
antioxidants, ascorbic acid, tocopherols, polyphenols, and 
thiols such as glutathione were used. Recently, gene therapy-
mediated overexpression of the SOD using recombinant 
adeno-associated viral vectors and administration of 
manganese superoxide dismutase-plasmid liposomes 
(MnSOD-PL) are studied (3).
Many attempts have been made to inhibit ROS production 
and to limit the extent of reperfusion injury. However, the 
administration of ROS scavengers at the time of reperfusion 
has brought conflicting results that can be partially explained 
by the dual role of ROS in I/R (F (4), since ROS play an 
important role as signaling molecules as well. 

Molecular Hydrogen (H2)
Therapeutic effects of molecular hydrogen for a wide range 
of disease models and human diseases have been investigated 
since 2007. The positive effects have been reported in 
essentially all organs covering 31 disease categories that can be 
subdivided into 166 disease models (5, 9).
Effects of hydrogen on various diseases have been attributed to 
four major molecular mechanisms
1 – a  specific scavenging activity of hydroxyl radicals 
2 – a  scavenging activity of peroxynitrite
3 – alterations of gene expressions
4 – signal modulating activities.

Ways of H2 applications
To attenuate the harmful effects of oxidative stress and ROS, 
one can directly eliminate them by medical gases such as 
carbon monoxide (CO), hydrogen sulphide (H2S), and H2, 
or one can induce ROS-resistant proteins and antioxidant 
enzymes to antagonize oxidative stress (7).
The effect of hydrogen has been reported with hydrogen water 
or hydrogen gas, which was followed by confirmation of the 
effect with hydrogen-rich saline and dropping H2-saline into 
the eyes. Hydrogen water is mostly given ad libitum. Hydrogen 
gas of less than 4 % is given by inhalation. Hydrogen-rich 
water generally shows a more prominent effect than hydrogen 
gas, although the amount of hydrogen taken up by hydrogen 
water is ~100 times less than that given by hydrogen gas (6).
H2 reduces oxidative stress not only by direct reactions, with 
strong oxidants, but also indirectly by regulating various gene 
expressions (9, 10).



206

Cardiology Lett 2017;26(3):170–210

Possible molecular mechanisms of H2 action 
– Signal modulatory effect
– H2 mediates signal transduction and gene expression.
– H2 modulate Ca2+ signal transduction and regulate gene 

expression
– H2 modifies the production of oxidized phospholipids and 

lead to a decline in Ca2+ signaling.
– H2 regulates more components of MAPK signal 

transduction pathways (8).
– Molecular hydrogen also regulates various signal 

transduction pathways and the expression of many genes 
(9).

– Hydrogen modulates miRNA expression of miR-9, miR-
21, and miR-199 (11, 13), and possibly many others (12). 
Analysis of miRNA profiles of hippocampal neurons 
during I/R injury revealed that hydrogen inhibits I/R-
induced expression of the miR-200 family by reducing ROS 
production, which has led to suppression of cell death (13). 
However, modulation of miRNA expression cannot solely 
explain all the biological effects mediated by hydrogen. 
Mechanisms underlying modulated miRNA expression 
remain to be elucidated.

H2 can protect myocardium degeneration from radiation-
induced injury, decrease myocardium malondialdehyde (MDA), 
8-hydroxydeoxyguanosine (8-OHdG) levels, and increase 
myocardium endogenous antioxidants in vivo.
H2 was shown to exhibit multiple functions including anti-
inflammatory, anti-apoptotic, anti-allergic, and antioxidant 
properties, as well as regulation of cell differentiation and 
involvement in energy metabolism. 
Conclusion: H2 may be an effective and novel clinical tool 
for treating oxidative stress-related diseases. Application of 
molecular hydrogen in situations with excessive production 
of free radicals and, in particular, hydroxyl and nitrosyl 
radicals is relatively simple and effective, therefore, it 
deserves special attention.
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