Chapter 6
Therapeutic Effects of Hydrogen
on Different Diseases

Liren Qian, Jianliang Shen and Xuejun Sun

Abstract Since 2007, hydrogen gas biology has become hotspot in medical
research because of its selective antioxidant effects reported by Ohsawa et al. By the
end of 2014, more than 400 papers have been published in related area, including
organ ischemia-reperfusion injury, diabetes, atherosclerosis, hypertension, cancer,
and other major human diseases. Many of these studies were based on the premise
that the hydrogen gas is a new type of antioxidant substance, and also there are a lot
of evidences of its antiapoptotic, anti-inflammatory effects. Since oxidative stress is
related to almost all cells, tissues, and organs, it is related to almost all diseases. In
this chapter, we focus on some typical types of diseases, including nervous system
disorders, liver diseases, metabolic diseases, and some clinical studies in order to
facilitate the readers to understand the molecular biology of hydrogen.
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In 2007, Ohsawa et al. found the selective antioxidative and therapeutic effects
on cerebral ischemia of hydrogen gas [1]. From 2007 to now, hydrogen gas was
demonstrated effective in more than 60 kinds of human diseases, most of which are
oxidative stress-related diseases, including neonatal cerebral hypoxia, Parkinson’s
disease, and tissue ischemia-reperfusion (I/R; spinal cord, heart, lung, liver, kidney,
and small intestine) [2]. Despite there are many doubts, selective antioxidative ef-
fect remains the main mechanism of hydrogen which is currently accepted. In ad-
dition, its antiapoptotic, anti-inflammatory effects play important roles in studying
its biological effects.

Although there were reports of antioxidative effects of hydrogen gas as early as
1975 and 2001 [3, 4], the hydrogen gas used in the study in 2001 was with 800 kPa
and 14 days, while the hydrogen gas used in the study in 2007 was with 2 kPa and
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less than 1 h [1]. The two studies were definitely different with entirely different
nature. The article in 2007 attracted international attention rapidly after its publica-
tion. The number of articles about hydrogen biology was with explosive growth af-
ter its publication. The paper in 2007 has been cited more than 300 times. Although
most of these papers were trying to prove the therapeutic effects of hydrogen, there
were two papers that reported its ineffectiveness on severe neonatal hypoxia—isch-
emia and disuse muscle atrophy [5, 6].

Conventional treatment options are always ineffective for severe diseases.
Hydrogen is also not an exception. Although it was suggested that oxidative stress
is involved in the pathogenesis of disuse muscle atrophy [7], hydrogen was ineffec-
tive on this kind of disease, which suggest that oxidative stress may not be the most
important pathogenesis of disuse muscle atrophy. Therapeutic effects of hydrogen
on organ I/R injury and inflammation-related diseases are the most significant.

Hydrogen is the simplest atom in nature, which consists of a proton and extra-
nuclear electron. Hydrogen gas is the simplest molecule in nature that is composed
of two hydrogen atoms. When hydrogen gas and oxygen gas are mixed, combus-
tion or explosion may occur at concentration ranging from 4 to 75%. However,
hydrogen gas is chemically inactive at room temperature and cannot react with
other substances easily. Despite of this, hydrogen gas is a small molecule that can
easily diffuse into body and cells, leading to high probability of collision between
hydrogen and other atoms or molecules. The powerful diffusion capability of hy-
drogen gas perhaps makes up for the low reaction rate of hydrogen gas. This makes
hydrogen gas not only stable but also selectively antioxidant, which is the special
advantage of hydrogen gas.

Reactive oxygen species (ROS) play an important role in the pathophysiology
of various types of cardiovascular and cerebrovascular diseases, such as stroke and
myocardial infarction, metabolic diseases such as diabetes, atherosclerosis, and
other important human acute and chronic diseases. It exists as two forms, oxygen-
free radicals and non-oxygen-free radicals. Oxygen-free radicals include hydroxyl
radical, superoxide anion, nitric oxide, nitrite anion, and other substances. Under
physiological conditions, ROS are continuously generated in the body and are also
continuously cleared, which is in dynamic equilibrium. However, under pathologi-
cal conditions such as ischemia and inflammation, a large amount of ROS may be
produced. Hydroxyl radicals and peroxynitrite are the main substances that make
oxidative damage to cells. The toxicities of nitric oxide, superoxide anion, and hy-
drogen peroxide and other substances are weak, but they play an important role
in signal transduction. In the treatment of oxidative damage previously, reductive
drugs may lead to new imbalance of oxidative-redox state which is the main reason
for current poor effects of antioxidant treatments. In 2007, Ohsawa et al. demon-
strated that hydrogen could selectively reduce toxic hydroxyl radicals and peroxyni-
trite anion [1], with little effect on the ROS which have important biological func-
tions with low toxicity. This is the selective antioxidative effect of hydrogen gas
which provides a new idea for the antioxidant therapy.

As early as in 2001, Gharib et al. reported inhalation of 8 atm of H, has thera-
peutic effects on liver inflammation caused by Schistosoma japonicum infection
[4]. They demonstrated that direct reaction between hydrogen and hydroxyl radical
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is the basis of anti-inflammatory effects of hydrogen. In 2009, Kajiya et al. reported
hydrogen could obviously inhibit colonic inflammation induced by dextran sulfate
sodium [8]. The anti-inflammatory effect of hydrogen is related to the inhibition of
the generation of ROS and proinflammatory cytokine release. In addition, macro-
phages play an important role in inflammation and immune regulation. Regulation
on macrophages laid the foundation for its anti-inflammatory effect.

In 2008, it is found that hydrogen can reduce tissue injury in rats with hypoxia—
ischemia model. Inhalation of low concentrations of hydrogen can reduce the activity
of caspase-3 and caspase-12 enzyme, which suggested that it has antiapoptotic effect
[9]. Because of its antiapoptotic effect, the studies of I/R injury, inflammation, and
other diseases are attracting more and more attention. But the exact mechanism of
antiapoptotic effect of hydrogen is not completely clear, which needs further study.

ROS play an important role in the angiogenesis process. Studies have shown
that ROS can induce vascular smooth muscle hyperplasia. Kubota et al. reported
that hydrogen-rich water eye drops have anticorneal angiogenesis effects [10]. The
mechanism may be related to its ability of scavenging ROS generated after corneal
injury, reduction of nuclear transcription factor gene transcription (NF-xB), and
reduction of vascular endothelial growth factor expression levels. Angiogenesis is
not only important to the pathophysiology of many vascular diseases but also play
important role in the occurrence of tumor. The role of hydrogen on angiogenesis is
worthy of further discussion.

6.1 Therapeutic Effects of Hydrogen on Central Nervous
System Diseases

Central nervous system is one of the body’s most important systems. Central ner-
vous system disorders include acute and chronic central nervous system disorders.
Acute central nervous system disorders include trauma and cerebrovascular diseas-
es. Chronic central nervous system disorders include various types of neurodegen-
erative diseases. Since the biological effects of hydrogen were found, it was dem-
onstrated has significant protective effects on central nervous system dysfunction
including cerebral vascular disease, Parkinson’s disease, and Alzheimer’s disease
[11-17]. Preliminary clinical studies have been carried out in cerebral ischemia and
Parkinson’s disease, which indicate that clinical application of hydrogen in neuro-
logical disease attracted great attention [13, 17].

6.1.1 Therapeutic Effects of Hydrogen on Cerebral
Vascular Disease

Cerebrovascular disease is a kind of disease involving brain artery or carotid ar-
tery, leading to intracranial blood circulation disorders and brain tissue damage.
Cerebrovascular disease can be divided into ischemic cerebrovascular disease and



84 L. Qian et al.

hemorrhagic cerebrovascular disease, including cerebral infarction and cerebral
embolism. No matter cerebral ischemia or cerebral hemorrhage, there are still a few
effective treatments. Although the pathophysiology of cerebrovascular disease is
complex, there is a similar pathophysiological process in most types of acute brain
injury, such as hypoxia—ischemia, reperfusion injury, calcium overload, free radi-
cals, and inflammatory injury, and so on. Free radicals and inflammation damage
are in the heart of the pathophysiology process described above, which is the main
reason why hydrogen was studied in various types of cerebrovascular disease. In
2007, Ohsawa et al. reported that inhalation of hydrogen gas exerts therapeutic ef-
fects in a rat model with left middle cerebral artery occlusion [1]. After that report,
Cai et al. demonstrated that inhalation of hydrogen gas has desired therapeutic ef-
fects on hypoxic—ischemic brain damage caused by asphyxia [9].

Although some scholars reported that the therapeutic effects of hydrogen on se-
vere brain hypoxic—ischemic injury in not ideal [5], more studies have shown that
hydrogen has protective effects on brain injury caused by cardiac arrest which further
confirmed the protective effects of hydrogen on hypoxic—ischemic brain injury [18].

Edaravone is currently the only approved drug for stroke [19]. Ono et al. carried
out a clinical research and studied the therapeutic effects of combined hydrogen
saturated saline and edaravone on brainstem infarction patients [13], compared
with those patients treated with edaravone alone. It was found that magnetic reso-
nance imaging (MRI) indicators of those patients treated with hydrogen and edara-
vone were better than those treated with edaravone alone. The main mechanism of
edaravone is antioxidation, which is very similar to the hydrogen gas. The results
suggested, hydrogen has desired therapeutic effects. This is the only clinical study
currently reported treating cerebral ischemia by hydrogen.

Intracranial hemorrhage is a kind of cerebrovascular disease which very easily
leads to the death, including cerebral hemorrhage and subarachnoid hemorrhage. It
has been demonstrated that hydrogen has ideal protective effects on early brain in-
jury, nerve cell necrosis, edema, and vascular spasm caused by cerebral hemorrhage
and subarachnoid hemorrhage [20, 21]. This shows that hydrogen has a potential
therapeutic value in all kinds of cerebral vascular diseases. Recently, hydrogen was
found has therapeutic effects on platelet aggregation which needs to be paid more
attention [22], because delayed hemorrhage is a serious complication of cerebral
vascular disease which is lethal. But surprisingly, some researchers have proved
that cerebral ischemia-induced hemorrhage could be reduced by hydrogen [23].
Apparently, these contradictory issues need further study.

6.1.2 Therapeutic Effects of Hydrogen
on Neurodegenerative Diseases

Dopaminergic neuronal death at the substantia nigra pars compact may cause Par-
kinson’s disease, which is always secondary to other neurodegenerative discases
such as Alzheimer’s and other diseases. There are two mechanisms that underlie
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Parkinson’s disease: excessive oxidative stress and abnormal ubiquitin-proteasome
system [24].

Dopamine is a kind of neurotransmitter, which is a pro-oxidant by itself, and
dopaminergic cells are destined to be exposed to high concentrations of radical
oxygen species. Hemi-Parkinson’s disease model can be made by stereotactically
injecting catecholaminergic neurotoxin 6-hydroxydopamine (6-OHDA) in the right
striatum [16]. The development of hemi-Parkinson’s symptoms can be completely
abolished by administration of hydrogen-rich water 1 week before surgery, and
40.2% of dopaminergic neurons on the toxin-injected side were reduced, whereas
hydrogen treatment improved the reduction to 83.0 %. Hemi-Parkinson’s symptoms
were also suppressed by giving hydrogen-rich water 3 days after surgery, but not as
much as those observed in pretreated rats. Pretreated rats were also sacrificed 48 h
after toxin injection and the tyrosine hydroxylase activity at the striatum, where
dopaminergic neurons terminate. This indicated that hydrogen did not directly de-
toxicate 6-OHDA but exerted a delayed protective effect for dopaminergic cells.
Fujita et al. also demonstrated a similar prominent effect of hydrogen-rich water on
an 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP)-induced mouse model of
Parkinson’s disease [15]. MPTP is a neurotoxin that blocks complex I of the mi-
tochondrial electron transport system and causes Parkinson’s disease in mice and
humans. It is interesting to note that the concentration of hydrogen that they used for
the MPTP mice was only 0.08 ppm, which is the second lowest among all the trials
published to date for rodents and humans. The lowest hydrogen concentration ever
tested is 0.048 ppm in the dialysis solution for patients receiving hemodialysis [25].

Alzheimer’s disease is the most common neurodegenerative disease which is
characterized by abnormal aggregation of f-amyloid (AfB) and tau, the large aggre-
gates of which are respectively recognizable as senile plaques and neurofibrillary
tangles [26]. Three models have been used to study therapeutic effects of hydrogen
on Alzheimer’s disease. A mouse model of dementia by restricting movement of
mice for 10 h a day was made by Nagata et al. [27]. Cognitive functions were
analyzed by passive avoidance learning, object recognition tasks, and the Morris
water maze. Administration of hydrogen-rich water was demonstrated efficiently
ameliorated cognitive impairment. They also showed that neural proliferation in the
dentate gyrus was restored by hydrogen. Another rat model was made by intracere-
broventricular injection of AB1-42 by Li et al. [11]. They found that intraperitoneal
injection of hydrogen-rich saline for 14 days efficiently ameliorated cognitive de-
cline and preserved long-term potentiation (LTP) by suppression of abnormal acti-
vation of IL1p, c-Jun N-terminal kinases (JNK), and NF-kB [12]. The third model
was established by using a senescence-accelerated mouse prone 8 (SAMPS) strain
which can exhibit early aging syndromes, including impairment in learning ability
and memory [28]. The administration of hydrogen-rich water was demonstrated ef-
ficiently prevented cognitive decline by the Morris water maze.

Chorea is a kind of relatively common neurodegenerative disease. Its clinical
manifestation is different from senile dementia and Parkinson’s disease, but the
pathophysiological processes are similar. There is still no report about the therapeu-
tic effects of hydrogen on this disease.
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6.2 Therapeutic Effects of Hydrogen
on Metabolic Diseases

6.2.1 Diabetes

In 2008, Kajiyama et al. performed a randomized, double-blind, placebo-controlled
study in 30 patients with diabetes mellitus type II and 6 patients with impaired glu-
cose tolerance [29]. The patients consumed either hydrogen-rich water or placebo
water for 8 weeks, with a 12-week washout period. They measured 13 biomarkers
to estimate lipid and glucose metabolisms.

All the biomarkers were favorably changed with hydrogen, but statistical sig-
nificance was observed only in improvement of electronegative charge-modified
low-density lipoprotein (LDL) cholesterol, small dense LDL, and urinary 8-iso-
prostanes. In four of six patients with impaired glucose tolerance, hydrogen normal-
ized the oral glucose tolerance test. Lack of statistical significance in their studies
was likely due to the small number of patients and the short observation period. The
lack of statistical significance, however, may also suggest a less prominent effect in
human diabetes mellitus compared to rodent models [30, 31].

6.2.2 Metabolic Syndrome

An open-label trial in 20 subjects with potential metabolic syndrome was performed by
Nakao et al. [32]. Hydrogen-rich water was produced by placing a metallic magnesium
stick in water, which yielded 0.55-0.65 mM hydrogen water (7080 % saturation). The
participants consumed 1.5-2.0 L of hydrogen water per day for 8 weeks and showed
a 39% increase in urinary superoxide dismutase [29]; a 43 % decrease in urinary thio-
barbituric acid reactive substances (TBARS), a marker of lipid peroxidation; an 8%
increase in high-density lipoprotein (HDL) cholesterol; a 13 % decrease in total choles-
terol/HDL cholesterol; and a 13 % decrease in total cholesterol/HDL cholesterol. The
aspartate aminotransferase [33] and alanine transaminase (ALT) levels remained un-
changed, whereas the gamma-glutamyl transferase (GGT) level was increased by 24 %
but was still within a normal range. Although the study was not double blinded and
placebo controlled, improvements in biomarkers were much more than those in other
hydrogen studies in humans. As this study used a large amount of hydrogen water, the
amount of hydrogen might have been a critical determinant. Alternatively, excessive
hydration might have prevented the participants from excessive food intake.

6.3 Therapeutic Effects of Hydrogen on Liver Diseases

Early in 2001, there was a report about the protective effects of high-pressure hy-
drogen gas on liver injury [4]. In 2007, therapeutic effects of hydrogen on hepatic
ischemia were further studied [1]. Therefore, the study of hydrogen gas on liver
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disease is relatively early; the research methods and the types of liver diseases are
various.

6.3.1 Early Studies of Hydrogen on Liver Diseases

Hydrogen was applied in the field of liver diseases prominently. Gharib et al. ex-
amined the effects of molecular hydrogen on a mouse model of schistosomiasis-
associated chronic liver inflammation. The mice breathed hydrogen—oxygen mixed
gas for 14 consecutive days (87.5 % hydrogen gas) [28]. Liver function, liver tissue
oxidative damage, fibrosis, and inflammatory indexes were observed. They dem-
onstrated that continuous high-pressure hydrogen breath has significant protective
effects on liver tissue damage, inflammation, and fibrosis. This study was ground-
breaking; it is the first proof that hydrogen has anti-inflammatory, anti-hepatic fi-
brosis effects. However, there are still two obvious deficiencies in the study. First,
the dosage is too large. Second, this study cannot replace academic status of the
study which has been published articles in 2007 in Nature Med [1]. Because the
latter proved breathing 2% hydrogen for 35 min has biological effects which is
much more convenient to use. There is also no reasonable explanation in the study
in 2001, which led to little attraction from other researchers.

6.3.2 Therapeutic Effects of Hydrogen on Liver Diseases

Japanese researchers published the first paper that demonstrated the therapeutic ef-
fects of low-dose hydrogen on cerebral I/R injury. Subsequently, an article reported
the therapeutic effects of hydrogen on liver I/R injury. Fukuda et al. established a
rat model of hepatic I/R in 2007 [34]. They found that hydrogen has very significant
therapeutic effects on liver ischemic injury by hematoxylin and eosin (HE) staining,
malondialdehyde (MDA), and enzyme test. In 2009, Kajiya et al. found that hydro-
gen has preventive effects on concanavalin-induced hepatitis [8]. In the same year,
Tsai et al. found that drinking hydrogen-rich water can protect mice from carbon
tetrachloride-induced liver damage [35]. Sun HY et al. demonstrated that hydrogen
was effective not only on acute liver damage but also on cirrhosis in three kinds
of liver injury model by using GalN/LPS, CCl4, and DEN [36]. Liu Q et al. found
that intraperitoneal injection of hydrogen-rich saline could improve the antioxidant
capacity of liver and inhibit hepatic inflammatory response, which has great clinical
significance [37].

It has been reported that electrolytic water has protective effects on alcoholic
liver injury which suggests that hydrogen has a sobering effect. Recent studies dem-
onstrated that drinking hydrogen water for a long time can improve diet-induced
fatty liver, not only improving liver function and liver morphology such as fibro-
sis, but also blocking cellular signaling pathways [38]. When fatty liver becomes a
new lifestyle disease, the value of the hydrogen will be obvious. In this study, the
authors also demonstrated that long-term consumption of hydrogen water can not
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only improve fatty liver but also reduce the possibility of the occurrence of liver
cancer significantly, which has a greater significance. It is the most direct evidence
of hydrogen in the prevention of tumorigenesis.

Another research studied the therapeutic effects of hydrogen on obesity which
is related to fatty liver [31]. The study is mainly focused on the hepatic metabolism
of fat and proved that hydrogen could promote an important signaling molecule
FGF21, which leads to weight loss and exerts therapeutic effects on fatty liver.
There are more than 22 members in the family of fibroblast growth factor (FGF)
that have a variety of biological activities. FGF21 is a new member of FGF family
in the year 2000, which specifically expressed primarily in the liver, kidney, and
adipose tissue. Studies have shown that FGF21 is a kind of very meaningful cyto-
kines protecting glucose metabolism homeostasis. Its biological function is mainly
reflected in the regulation of glucose and lipid metabolism which has a similar
effect as insulin. FGF21 activator is known as a targeting molecule of the next-
generation drug treating diabetes. Preliminary clinical studies have been reported
that hydrogen has therapeutic effects on diabetes [31].

Many hydrogen product manufacturers have described the therapeutic effects of
hydrogen on fatty liver which cannot be objective evidence, but also suggests its
effects on the disease. The next step is focused on clinical observation of hydrogen
on the disease.

There is only a few clinical research of hydrogen on liver disease that has been
reported. Kang et al. performed a randomized placebo-controlled study of hydrogen
water in 49 patients receiving radiation therapy for malignant liver tumors. Hydro-
gen improved the quality of life (QOL) scores. In particular, hydrogen efficiently
prevented loss of appetite [39].

The studies above show that, as a selective antioxidant, hydrogen has significant
therapeutic effects on hepatic ischemia, hepatitis, fatty liver, and other types of liver
diseases, which indicate that hydrogen has very broad prospects on liver diseases.

6.3.3 The Outlook of Hydrogen in the Liver Diseases

Although the study of hydrogen in the liver disease has a certain size, there are still
many blind spots. (1) Organ transplantation. Study of hydrogen in the liver trans-
plantation is still a blank.

There are related studies of hydrogen on organ transplantation, including kidney,
heart, small intestine, and lung. Although liver transplantation has been widely used
in clinic, but there is no study about hydrogen on liver transplantation. By learning
from other organ transplant injury research model, protective effects of hydrogen
on liver transplantation are worth exploring. (2) Viral hepatitis. There is no report
of hydrogen on various types of viral hepatitis research. Although it is hard to say
hydrogen has direct antiviral effects, but virus-induced liver inflammation immune
therapy can be an important basis for using hydrogen. (3) Clinical research. This
is of course important and also a common problem existing in the field of hydro-
gen biology. Biological effects of hydrogen are lacking clinical research evidence,
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especially those kinds of autoimmune disease, dermatitis, fatty liver, and obesity;
chemical radiation therapy are very worthy to carry out clinical research. Nonalco-
holic steatohepatitis and accompanying hepatocarcinogenesis (NASH) is one of the
important liver diseases to overcome.

6.4 Therapeutic Effects of Hydrogen on Ophthalmic
Diseases and Ear Diseases

6.4.1 Retina Ischemia-Reperfusion Injury

Hydrogen eye drops have been proved effective on retina I/R injury. The study
showed potential and broad application prospects of hydrogen eye drops [40]. They
prepared H,-loaded eye drops (0.8 mM, pH 7.2) by dissolving H, gas into saline to
saturated level and then administered the H,-loaded eye drops to the ocular surface
continuously (4 L/min) during the ischemia or reperfusion periods. The H,-loaded
eye drops could effectively protect the retina from I/R injury by scavenging hydrox-
yl radicals and have an enormous impact via the topical application of H, solution.

6.4.2 Erythematous Skin Diseases

Ono et al. treated four patients of acute erythematous skin diseases with fever and/
or pain by H-enriched intravenous fluid [41]. All of the four patients received in-
travenous administration of 500 mL of H,-enriched fluid in 30 min for more than
3 days except in one patient for only once. Erythema of these four patients and as-
sociated symptoms improved significantly after the H, treatment and did not recur.

6.4.3 Skin Tumors

Until 1975, Dole et al. [3] reported that hyperbaric hydrogen may be a possible
treatment for cancer. They found a marked regression of the skin squamous cell
carcinoma by inhalation of a mixture (2.5% O, and 97.5% H,) at a total of 0.8 MPa
for 2 weeks in a mouse model.

6.4.4 Radiation-Induced Skin Injury

Skin is a biological defense barrier of human body. Radiation injures skin directly
by radiation energy or indirectly by free radicals, causing radiodermatitis which
occurred in nearly 95% of patients receiving radiation therapy [42]. There are
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generally two types of radiodermatitis: acute radiodermatitis (usually occur with-
in 90 days) and chronic radiodermatitis (may occurred over a prolonged period)
which is often exhibited by the onset of erythema, swelling, blisters, and ulceration,
followed by development of chronic inflammation, necrosis, fibrosis, and lymph-
edema [43, 44]. In 2012, Guo et al. [45] reported first that hydrogen-rich saline
protected against ultraviolet B (UVB) radiation injury, possibly by reducing inflam-
mation and oxidative stress. They demonstrated that hydrogen-rich saline had pro-
tective effects by altering the levels of markers, including necrosis factor alpha, IL-
14, IL-6, tissue superoxide dismutase, MDA, and nitric oxide activity, and relieved
morphological skin injury against UVB radiation injury on C57BL/6 rats. In 2013,
Mei et al. [42] reported the radioprotective effects of hydrogen on skin in vitro and
vivo. In the study, our group found hydrogen significantly reduced the severity of
dermatitis caused by radiation, accelerated tissue recovery, and reduced the extent
of radiation-induced weight loss in rats after a single dose of 15 or 20 Gy radiation.
We also found hydrogen protected rats from cumulative doses of 30 Gy delivered in
three fractions. In the study, hydrogen also protected immortalized human keratino-
cytes (HaCaT cells) from radiation-induced injury. In 2013, Rosa Mistica Ignacio
et al. [46] demonstrated the protective effect of hydrogen-reduced water (HRW) on
UVB-mediated skin injury in hairless mice by balneotherapy. In their study, bathing
with HRW significantly reduced the levels of skin damage by decreasing the level
of inflammatory cytokines, including IL-1B, IL-6, TNF-a and IFN-y, as well as
increased activity of glutathione peroxidase.

In their study, HRW bathing also protect UV-induced corneocytes damage and
ultrastructural changes.

Interestingly, in a recent study by Mi Hee Shin et al. [47], they observed that
H(H,0) (atomic hydrogen surrounded by water molecules) application to human
skin prevented UV-induced erythema and DNA damage. In their study, H(H,0)
significantly prevented UV-induced MMP-1, COX-2, IL-6, and IL-1p mRNA
expressions in human skin in vivo. They also found that H(H,O) prevented UV-
induced ROS generation and inhibited UV-induced MMP-1, COX-2, and IL-6 ex-
pressions, and UV-induced JNK and c-Jun phosphorylation in HaCaT cells.

6.5 Therapeutic Effects of Hydrogen
on Respiratory Diseases

Inhaled therapeutic gas is a reasonable approach for the treatment of lung injury
as imbalances between ROS and the antioxidant defense system are involved in
certain pulmonary pathologic conditions, such as lung inflammation, ventilator-in-
duced lung injury (VILI), and acute respiratory distress syndrome [48—51]. In 2010,
Huang et al. showed that inhalation of 2 % hydrogen gas attenuates VILI in a mouse
model. Ventilation with 2% hydrogen in balanced air significantly ameliorated VI-
LI-induced lung injury. This data strongly suggests that inhaled hydrogen gas could
therapeutically mitigate VILI via its antioxidant and anti-inflammatory effects [52].
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Exposure to high concentrations of oxygen for prolonged periods causes hyper-
oxic lung injury that leads to respiratory failure. High concentrations of oxygen
markedly impair lung function and increase inflammatory responses. Hyperoxia in
the presence of hydrogen significantly reduced hyperoxia-induced oxidative stress
injury in premature rat type II alveolar epithelial cells, improved the cellular anti-
oxidant capacity, stabilized the mitochondrial membrane potential, and reduced the
inhibitory effect of hyperoxia on cell proliferation [53]. Acute lung injury second-
ary to remote organ damage and followed by deleterious systemic inflammation is
a critical event. Mao et al. reported that hydrogen-rich saline treatment attenuated
lung injury induced by intestinal I/R injury in a rat model [54]. The lung is one of
the organs most susceptible to radiation injury [55]. Radiation pneumonitis is an
inflammation of the lungs that occurs when lung or whole body was irradiated.
Development of interstitial pneumonitis increases according to radiation dose, es-
pecially single-fraction total body irradiation at higher dose rates [56] and higher
total lung doses [57, 58]. In 2011, our group hypothesized that hydrogen may be a
possible prevention strategy for radiation pneumonitis [59]. In 2011, Terasaki et al.
[60] showed that H, reduced irradiation-induced OH levels in human lung epithelial
cell line A549 cells. They demonstrated that pretreatment of H, could reduce the
fluorescence intensity of hydroxyphenyl fluorescein in irradiated A549 cells. They
demonstrated pretreatment of H, reduced the products of oxidative stress, including
4-hydroxy-2-nonenal, 8-hydroxydeoxyguanosine, etc. H, could also significantly
reduce levels of apoptosis-associated proteins, including Bax and active caspase 3
in irradiated A549 cells after a 24-h incubation with H,-rich solution. In vivo, they
demonstrated that H, treatment reduced oxidative stress and apoptosis, measures of
acute damage in the lungs of mice within 1 week after whole thorax irradiation by
immunohistochemistry and immunoblotting. In their study, H, treatment reduced
lung fibrosis by chest computed tomography, Ashcroft scores, and type III collagen
deposition at 5 months after irradiation.

6.6 Therapeutic Effects of Hydrogen
on Inflammatory Diseases

6.6.1 Rheumatoid Arthritis

Rheumatoid arthritis (RA) is a chronic inflammatory disease that affects approxi-
mately 1% of the population. It is characterized by irreversible joint disorder ac-
companied by destruction of bone and cartilage, which causes serious morbidity.
ROS play a central role both upstream and downstream of NF-kB and TNF-a path-
ways, which are located at the center of the inflammatory response. Among the
ROS, the hydroxyl radical is the most harmful, and molecular hydrogen (H,) is
a selective scavenger. It was demonstrated that consumption of water with a high
concentration of molecular hydrogen significantly improves the disease activity and
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reduces the oxidative stress in RA for this species [61, 62]. It has been shown that
H, is useful when administered along with the conventional therapy in RA as it acts
to reduce oxidative stress in the patients. Especially in the early stage, H, showed
significant therapeutic potential, which also seemed to assist diagnosis and treat-
ment decisions of RA.

6.6.2 Ulcerative Colitis

Ulcerative colitis (UC) is an inflammatory bowel disease (IBD) that features a
chronic, relapsing, and remitting inflammatory condition of the intestine, which is
associated with enhanced production of ROS and altered angiogenesis. It has been
reported that the treatment with hydrogen-rich saline reduced the weight loss and
diarrhea and alleviated the colonic mucosal damage in the UC rats. In addition, the
expression of vascular endothelial growth factor in the UC rats increased and could
be inhibited by hydrogen treatment [63].

6.7 Studies of Hydrogen in Translational Medicine

Up to now , there have been seven kinds of diseases reported in clinical studies,
including type II diabetes, metabolic syndrome, RA, hemodialysis, inflammation/
mitochondrial muscle disease, brainstem ischemia, radiation therapy. In the World
Health Organization Registration information, we found there are some clinical
studies without published papers. By reading the following description of these
studies, clinical researchers can learn more about the research progress of clinical
studies of hydrogen.

Biological effects of hydrogen are mainly obtained in rodent models. So far, only
seven preliminary clinical studies of hydrogen have been reported. These clinical
studies are only preliminary clinical observation and insufficient to support hydro-
gen as a clinical treatment. Here we reviewed these studies. A hydrogen clinical trial
in Parkinson’s disease has been carried out which showed good therapeutic effects
which has not been published (in fact, Japanese has a large clinical data about cog-
nitive impairment and elderly diabetes). Type II diabetes, metabolic syndrome, and
RA have been described above. Here, we describe the other four diseases.

6.7.1 Hemodialysis

An open-label placebo-controlled crossover trial of 12 sessions of hemodialysis in
8 patients and an open-label trial of 78 sessions of hemodialysis in 21 patients were
performed by Nakayama et al. [25, 64]. In both studies, continuous sessions of he-
modialysis with hydrogen-rich dialysis solution decreased systolic blood pressure
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before and after dialysis. In the short-term study, plasma methylguanidine was sig-
nificantly decreased. In the long-term study, plasma monocyte chemoattractant pro-
tein 1 and myeloperoxidase were significantly decreased.

6.7.2 Muscular Diseases

Ohno et al. performed an open-label trial of hydrogen water in 14 patients with
muscular diseases, including muscular dystrophies, polymyositis/dermatomyositis,
and mitochondrial myopathies, and a randomized, double-blind, placebo-controlled
trial of hydrogen water or dehydrogenized water in 22 patients with dermatomy-
ositis and mitochondrial myopathies [65]. In the open-label trial, significant im-
provements were observed in lactate-to-pyruvate ratio, fasting blood glucose, se-
rum MMP-3, and triglycerides. Especially, the lactate-to-pyruvate ratio, which is a
sensitive biomarker for the compromised mitochondrial electron transport system,
was decreased by 28 % in mitochondrial myopathies. In addition, MMP-3, which
represents the activity of inflammation, was decreased by 27 % in dermatomyositis.
In the double-blind trial, a statistically significant improvement was observed only
in serum lactate in mitochondrial myopathies, but lactate-to-pyruvate ratio in mito-
chondrial myopathies and MMP-3 in dermatomyositis were also decreased. Lack
of statistical significance with the double-blind study was likely due to the shorter
observation period and the lower amount of hydrogen compared to those of the
open-label trial.

6.7.3 Side Effects of Radiation Therapy on Liver Cancer

A randomized placebo-controlled study of hydrogen water in 49 patients receiving
radiation therapy for malignant liver tumors was performed by Kang et al. [39].
Hydrogen suppressed the elevation of total hydroperoxide levels, maintained serum
antioxidant capacity, and improved the QOL scores. In particular, hydrogen effi-
ciently prevented loss of appetite. Although the patients were randomly assigned
to the hydrogen and placebo groups, the study could not be completely blinded
because hydrogen was produced with a metallic magnesium stick, which generated
hydrogen bubbles.

6.7.4 Brainstem Infarction

Edaravone is the only one antioxidant drug which has been approved to treat stroke.
Ono et al. intravenously administered hydrogen along with edaravone in eight pa-
tients with acute brain stem infarction and compared MRI indices of 26 patients
who received edaravone alone [13]. The MRI indices were all much more improved
with the combined infusion of edaravone and hydrogen.
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No adverse effect of hydrogen has been documented in the seven human dis-
eases described above. Among the seven diseases, the most prominent effect was
observed in subjects with metabolic syndrome, who consumed 1.5-2.0 L of hy-
drogen water per day. The amount of hydrogen water may be a critical parameter
that determines clinical outcome. It is also interesting to note that lipid and glucose
metabolisms were analyzed in three studies and all showed favorable responses to
hydrogen [29, 32, 65]. This suggests a key regulatory role of hydrogen in the body
fat metabolism and glucose metabolism.

6.8 Barriers in Studies on Biological Effects of Hydrogen

Although research on the biological effects of hydrogen is vigorous, there is no
substantive progress in those studies after several years. Even some basic academic
issues do not have clear answers.

There are two major problems or mysteries in the effects of hydrogen. First,
dose—effect relationship was still unclear. No matter animal experiments or clinical
observation, the dosage of hydrogen is small, but the effects are significant. Second,
a large amount of hydrogen can be produced by gut bacteria in human and animals,
but why the increase of such a small amount of hydrogen can generate such signifi-
cant effects? In addition, other issues, such as the molecular basis of hydrogen, are
the best way to use hydrogen for different diseases; the dose, frequency, etc. still
need more research.

Although the biological effect of hydrogen has been demonstrated in more than
60 animal disease models and 6 human diseases, only two kinds of diseases, in-
cluding cerebral infarction and metabolic syndrome, have both animal and clinical
studies. Hydrogen has no side effects, which is a significant advantage to carry out
clinical research. Some human diseases, including Parkinson’s disease, are carried
out which have achieved some good results. We believe that hydrogen will have
certain therapeutic value for more human diseases. Of course, exploring the mecha-
nism of hydrogen is very worthy and may be full of hardship.
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