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Table 1. Major reactive oxygen species

Radicals Nonradicals
Superoxide Hydrogen peroxide
Hydroxyl radical Singlet oxygen

Nitric oxide

Alkoxyl radical

Peroxynitrite

Ozone

K Shell

L Shell

Fig. 1. Oxygen atom Bohr model with protons (red balls), neutrons (yellow balls) and electrons (blue

balls). An oxygen atom has eight protons and eight neutrons in its nucleus, two electrons in the K-shell

and six electrons in the L-shell.
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a. Oxygen molecule
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0:0:

b. superoxide

Fig. 2. Oxygen molecule (a) and superoxide (b). Superoxide is produced by the one electron reduction

of molecular oxygen, and has one unpaired electron.
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Table 2. Major diseases caused by reactive oxygen species.

Myocardial infarction  Cerebral infarction

Heart failure Alzheimer’s disease
Emphysema Parkinson’ disease
Bronchial asthma Reflux esophagitis
Kidney failure Stomach ulcer

Glomerulonephritis Alcoholic liver disease

Cancer Arteriosclerosis
Rheumatoid arthritis Hay fever
Collagen disease Cataract
Stomatitis Dermatitis

Inflammatory bowel disease

Nonalcoholic fatty liver disease
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Fig. 3. Hydrogen atom Bohr model with one proton and one electron.
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Fig. 4. Hydrogen molecule. In a hydrogen molecule, two electrons are sheared between two nuclei.
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Fig. 5. Routes of hydrogen administration, and proposed hydrogen delivery in the body. Hydrogen
transport from the administration sites to the calls in the whole-body primarily through the systemic
circulation. Hydrogen molecules can transfer plasma membrane by passive diffusion.
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Fig. 6. Fundamental principle of hydrogen-gas generation by water electrolysis process. When a

water molecule (H20) passes through electrochemical process, water molecules split into hydrogen and

oxygen gases.
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ABSTRACT
Objective:

Recently, it has become clear that damage caused by reactive oxygen species, generally referred as “oxidative stress”, is involved
in various diseases. In the cell, reactive oxygen species are generated during normal physiological use of molecular oxygen. On
the other hand, several lines of research have demonstrated that molecular hydrogen, previously considered to be inert and
non-functional in living organisms, reacts with specific reactive oxygen species such as hydroxyl radicals and peroxynitrite. In
this review, we will give an overview of the current literature on reactive oxygen species and their interaction with hydrogen as
a starting point to discuss hydrogen therapy.
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