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Abstract
Evaluation of oxidative stress and diseases have markedly progressed and developed in basic science, and 

various trials of prevention and treatment have recently been performed at clinical levels, making remarkable 
progress in medical practical field. This report will introduce recent topics in Japan and other countries and review 
Japanese reports of oxidative stress pathways and development of healthy products, current topics and problems 
with molecular hydrogen, oxidative stress markers attracting attention at clinical practices, recent knowledge on 
oxidative stress and the immune system, and new development in regenerative medical treatment. A problem with 
the above development in clinical fields and application of oxidative stress is that health foods and beverages 
allegedly effective for reducing oxidative stress are already on the market but there are more than a few of them have 
a poor scientific evidence and their effects are questionable. Unquestionable bases and evidence of ‘oxidative stress 
and diseases’ have already accumulated in basic medicine. I hope these will be actively applied in clinical fields, 
accumulate evidence by performing systematic clinical studies and trials, and actually facilitate health promotion, 
disease prevention, and treatment effects in humans, making great contributions at actual medical practical care.
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Introduction 
In recent studies, involvement of oxidative stress is considered a 

cause of pathogenesis of various diseases, such as aging, carcinogenesis, 
arteriosclerosis, myocardial infraction, Alzheimer’s disease, and 
Parkinson’s disease. Substances removing reactive oxygen species 
produced in the body include antioxidative substances which directly 
react with reactive oxygen species, such as vitamins C and E and 
polyphenol, and endogenous antioxidative enzymes such as glutathione 
peroxidase and catalase [1]. 

Reactive oxygen species damage tissue, cells, and genes, and 
oxidative stress is produced to balance protective factors against these 
damages. Various attempts of its prevention and treatment have been 
performed at the clinical level and a marked progress has been made 
in this field.

However, although antioxidative substances can be orally ingested, 
they are predicted to be difficult to maintain at a high concentration 
in the body because they are degraded and consumed. In contrast, 
antioxidative enzymes act as catalysts and are not consumed in the 
body, but, being proteins, they are difficult to ingest orally [1].

 Substances and enzymes actually applied clinically to diagnose, 
prevent, and treat oxidative stress at the human level under these 
circumstances, and several recent topics which are about to be clinically 
applied will be picked up and their current state and problems will be 
considered. 

Pathways of antioxidative systems, mainly the Nrf2-ARE pathway, 
have recently been elucidated at the cell level, and studies on food 
and drug development are progressing [2]. The current state of and 
problems with hydrogen, which has been attracting attention in the 
beverage development, will also be mentioned [3].

Evaluation is difficult when measurement is difficult. Topics about 
oxidative stress markers in the current clinical application will also be 
covered in the current review [4].

With progression of elucidation at the cell level, the importance of 
oxidative stress and antioxidative components in the role and function 
of immune cells has been pointed out [5]. Thus, we paid attention to 
granulocytes among immune cells in a pilot study, and suggested a 
possibility that reactive oxygen measurement of granulocytes collected 
from patients leads to preventive medicine and molecular diagnosis [6].

In this review, recent topics in Japan will be mainly introduced with 
regard to the current state of and problems with clinical application 
of oxidative stress. The application for diagnosis, treatment, and 
prevention at bedside in hospitals, preventive medicine, and home 
health care is expected. 

Discovery Of Nrf2-ARE Pathway Activators in Food 
and Possibility of its Clinical Application 

The Nrf2-ARE pathway is known as an endogenous antioxidative 
system inducing antioxidative enzyme expression. A transcription 
factor, Nrf2, transfers into the nucleus when it is exposed to oxidative 
stress and binds to antioxidant response elements (ARE) present in 
the promoter field, through which it induces antioxidative enzyme 
expression (Figure 1). If this Arf2-ARE pathway can be activated by a 
low-molecular-weight compound, it may be useful protection against 
oxidative stress, and its research and development are progressing in 
the food and drug fields.

In epidemiological surveys, ingestion of fruits and vegetables is 
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expected to be effective to prevent various diseases involving oxidative 
stress in humans. Antioxidative substances contained in fruits and 
vegetables are attracting attention as a mechanism [7], but there is only 
a little knowledge about induction of antioxidative enzymes. Thus, 
studies in which novel Nrf2-ARE pathway-activating components were 
identified in familiar food are introduced below [8].

When the Nrf2-ARE pathway-activating action was compared 
among diethyl ether extracts of fruit juice samples (peach, apple, 
strawberry, cranberry, raspberry, and mandarin orange) and vegetable 
samples (green perilla, Jew’s marrow, crown daisy, celery, parsley, and 
red perilla) the green perilla extract strongly activated the Nrf2-ARE 
pathway. When the active component in the green perilla extract was 
purified and isolated using reverse-phase HPLC, followed by structural 
analysis using nuclear magnetic resonance and mass spectrometry, the 
structure of the active component was identified as 2’,3’-dihydroxy-
4’,6’-dimethoxychalcone (DDC) [8].

Chemically synthesized DDC exhibited cytoprotection by 
increasing antioxidative enzymes through activating the Nrf2-ARE 
pathway. It was not previously known that DDC is contained in green 
perilla, and its pharmacological action has also not previously been 
reported [8]. 

A synthetic triterpenoid, CDDO-methyl ester, has been reported 
to exhibit antioxidative anti-inflammatory action through activating 
the Nrf2-ARE pathway at a low concentration [9]. This CDDO-methyl-
ester was effective for NIDDM patients with chronic nephropathy in 
a phase II study [10], suggesting its applicability as a low-molecular-
weight activator of the Nrf2-ARE pathway [11]. 

Other substances targeting the Nrf2-ARE or other pathways and 
attracting attention include a chemical sensor, Keap1, and this is known 
to interact with Nrf2 described above [12]. As compounds which interact 
with Keap1 and induce Nrf2, sulforaphane [13] contained in broccoli 
sprout, the pungent component of wasabi (allyl isothiocyanate [14]), 

carnosol [13] contained in rosemary, and quercetin [15] contained in 
onion and buckwheat have been reported. Prostaglandin J2 [16] and 
8-nitro-cGMP [17] are reported to activate Arf2 and Xanthohumol [18] 
are known to be ARE derivative agent. These components (Figure 2) 
will increasingly attract attention as compounds capable of controlling 
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Figure 1: The expression system of oxidative stress defense enzymes via Nrf2 by antioxidants [12].
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oxidative stress in cells at the transcription factor level with regard to 
evidence and clinical application in healthy product development.

Medical Gas and Clinical Application: Possibility of 
Molecular Hydrogen 

Medical gas is a generic name of gas molecules with pharmacological 
kinetics used for treatment and diagnosis in the medical field. A new 
research field termed gas biology has recently been proposed, in 
which biological control mechanisms mediated by gas molecules are 
elucidated, and studies on receptors, metabolism, and physiological and 
pathological actions are progressing, but many fields have not yet been 
elucidated.

Biogases attracting attention for their role in biological signal 
transmission include nitric monoxide (NO), hydrogen sulfide (H2S), 
carbon monoxide (CO), and hydrogen (H2). Many beverages containing 
hydrogen are already on the market. Paying attention to the fact that 
these are sold as health products, the current state of and problems with 
molecular hydrogen are described below [19]. 

Recently, the Nippon Medical School Group initially reported a 
treatment effect of hydrogen molecules on cerebral ischemia [20], and 
this has come to be expected as a new treatment method. Hydrogen has 
been applied to diverse disease models in various forms over the last 
several years, and studies on its treatment effects are rapidly progressing. 
While the effect of hydrogen is being scientifically elucidated, many 
hydrogen-containing beverages and health products are already on the 
market, as described above, and some products have a poor scientific 
basis and their effects are questionable. Moreover, the terms and 
definitions, such as active hydrogen-rich water, negative hydrogen 
ion water, reduced water, and natural hydrogen-rich water, are likely 
to cause misunderstanding and confusion [3,21]. Since commercial 
utilization of hydrogen started before sufficient scientific explanation 
and systematic analysis of the effect, it became a target of prejudice as 
products lacking a basis among well-informed people [3,21]. 

However, reduction of oxidative stress was observed as an effect of 
hydrogen in animal experiments and clinical studies in common, and 
the effect was internationally reported by several independent research 
facilities, suggesting that the effect is an unquestionable fact. To 
clinically apply hydrogen, it is essential to perform systematic clinical 
studies, and studies have been initiated or investigated by universities 
and research institutions in Japan and other countries [3,21].

Kajiyama et al. reported a randomized double-blind study involving 
NIDDM patients, in which subjects ingested 900 mL of hydrogen-rich 
water daily for 2 months, and impaired glucose tolerance was improved 
[22]. Nakao et al. reported that when 20 male and female pre-metabolic 
syndrome patients with mild obesity, dyslipidemia, impaired glucose 
tolerance, and hypertension ingested 1,500-2,000 mL of hydrogen-rich 
water daily for 8 weeks, HDL cholesterol and antioxidative enzyme SOD 
increased [23]. They also reported a cooperative study with a Korean group, 
in which 25 patients being treated with radiotherapy for liver malignant 
tumor ingested hydrogen-rich water or placebo daily, and it significantly 
remitted adverse events, such as digestive symptoms and fatigue [24].

Although the mechanism of the effect on radiation damage is 
unclear, since oxidative stress markers in blood significantly decreased, 
there is no doubt that some oxidative stress induced by radiation was 
reduced by ingestion of hydrogen-rich water. The achievement of this 
study came to be known by the United States Aeronautics and Space 
Administration, and application of hydrogen to protect astronauts from 
radioactivity in space is being investigated [25].

The effect of hydrogen has been clarified in not only animal 
experiments but also humans, as described above, and a new page based 
on science has begun [21]. However, many questions and unsolved 
problems remain, such as whether or not the effect can be explained by 
removal of ROS alone, comparison with other antioxidative substances 
including vitamins C and E and differences in the chemical properties, 
and elucidation of unique characteristics as an ultra-low-molecular-
weight compound. There are some reports about the diseases for which 
various preventive and treatment effects of hydrogen were reported in 
clinical studies (dialysis, cystitis, myositis [26], fatigue [27], Parkinson’s 
disease [28], Rheumatoid Arthritis [29]). 

Accordingly, to aim at appropriate clinical application of hydrogen, 
systematic clinical studies and elucidation of the mechanism in detail 
are essential [21].

Current State of and Problems with Oxidative Stress 
Markers 

It is often said that ‘no evaluation can be made without measurement’. 

Understanding of the pathophysiology of oxidative stress and 
the defense mechanism against it, and accurate non- or low-invasive 
quantitative measurement of the oxidative stress level in patients are 
very important and significant for evaluation of oxidative stress at 
clinical sites.

Advantages of biological marker measurement are as follows: 

1. The prognosis and treatment can be non- or low-invasively 
evaluated, 

2. The pathology can be analyzed based on biological responses, 

3. Measurement using similar markers is possible in animal 
models, and

4. Rapid testing can be clinically applied. Appropriate 
ascertainment of medical care may be important [30]. 

The currently known in vivo actions of reactive oxygen and 
oxidative stress markers are presented in Figure 3. Several oxidative 
stress markers recently attracting attention are reviewed below [4].

Biopyrrin
Since bilirubin causes nuclear icterus-associated nerve damage 

when its level in blood increases, it was previously considered to be 
a toxic or useless substance. However, it is now considered to have a 
reactive oxygen-scavenging action based on reports on its in vitro 
antioxidative effect [31]. The presence of oxidation products of bilirubin 
in urine and blood has been clarified, and these metabolites are 
tripyrrole substances, termed biopyrrin. Accordingly, this antioxidative 
action of bilirubin, i.e., an oxidative stress state, can be estimated by 
measuring biopyrrin using ELISA [32].

Elevation of the urinary level after surgery [33], mental stress [34] 
and coronary spastic angina has been observed [35].

8-Deoxy-2-deoxyguanidne (8-OHdG)

Reactive oxygen reacts with the guanine residue of DNA and 
produces 8-OHdG, and this 8-OHdG serves as a biological marker of 
oxidative damage of DNA [36]. It has been reported that the urinary 
marker level was useful to monitor the effects of radiotherapy and 
chemotherapy in lung cancer patients [37], and the urinary level rose 
representing metal stress [38]. Yoshino et al. reported that rosuvastatin 
reduces the urinary 8-OHdG level [39].



Citation: Ichiishi E, Ohtake T, Satoh K, Kohgo Y (2016) Oxidative Stress and Diseases: Current Topics and Perspective with Clinical Application in 
Japan. Aging Sci 4: 161. doi: 10.4172/2329-8847.1000161

Page 4 of 9

Volume 4 • Issue 3 • 1000161
J Aging Sci, an open access journal
ISSN: 2329-8847

Isoprostaneα F2 -III 

Isoprostaneα F2 -III is non-enzymatically produced from blood LDL 
and cell surface phospholipid by direct oxidation of arachidonic acid by 
free radials [40]. A very high correlation between the grades of cytotoxicity 
and lipoperoxidation and blood level of this substance has been reported, 
and it is attracting attention as a new oxidative stress marker [41].

Elevation of this marker level in hypercholesterolemia [42], 
cigarette smoking [43], and diabetes [44] has been reportedα. The 
presence of isoprostane F2 -III in arteriosclerotic lesions in humans has 
also been reported [45], suggesting that this marker may serve as an 
index of clinical progression of arteriosclerosis.

Oxidized LDL

Oxidized LDL has been reported to play the central role in the 
development and progression of arteriosclerosis [46]. Toshima et al. 
reported that oxidized LDL increased in diabetes patients, and the level 
was higher in coronary arteritis patients, but no difference was noted 
between those with and without concomitant diabetes [47]. Elevation of 
the blood oxidized LDL level in patients with acute coronary syndrome, 
patients after percutaneous transluminal coronary angioplasty (PCI), 
and patients with cervical arteriosclerosis, stroke, and Alzheimer’s 
disease has also been reported [48].

MDA-LDL 

 MDA-LDL is a part of oxidized LDL. When it is oxidized to 
the lysine residue in the protein region, it causes foaming of the 
vascular wall. This is an important oxidative stress marker to predict 
the prognosis of coronary arterial disease in diabetes patients with a 
past medical history of coronary arterial disease, and the prognosis 
concerning re-stenosis after PCI in diabetes patients [49].

Measurement and evaluation of oxidative stress using various 
approaches and methods are progressing, and low-cost, simple, and 
reliable methods will be awaited at clinical sites.

Antioxidative Therapy and Immunity
Oxidative stress is produced when the balance between the 

production and removal systems of active oxygen species is destroyed 
and the production system becomes dominant, and it causes various 
organ disorders. In antioxidative therapy, oxidative stress involved in 
diseases is reduced by capturing and stabilizing active oxygen species.

Recent studies have shown that close involvement of antioxidative 
therapy in immune responses (Figure 4) in the body is clarified [50-
52]. Antioxidants, such as many vitamins, glutathione, and β-carotene, 
have been reported to exhibit not only an antioxidative action but also 
an immune function-improving effect [51-56]. These antioxidants are 
also known to be useful to treat autoimmune diseases [57,58], such as 
rheumatoid arthritis, and further clinical application is expected.

Nutrients necessary for the normal function of immunity include 
essential amino acids, fatty acids, vitamin A, folic acid, vitamins B6, 
B12, C, and E, copper, iron, zinc, and selenium [51-56]. A lack of 
one or more of these nutrients reduces immunity, and the addition 
of lacking nutrients improves the immune function in animals and 
humans [51-52].

Of these with an antioxidative action, vitamin B6 promotes 
lymphocyte proliferation [59], vitamin C exhibits a bactericidal effect, 
improves NK cell activity, and promotes proliferation and chemotaxis 
of lymphocytes [60-62], vitamin A improves the lymphocyte function 
[63], and vitamin E promotes lymphocyte proliferation and improves 
NK cell and macrophage activities [64].

Antioxidative therapy is considered clinically useful to treat 
impairment and hypofunction of cells in inflammatory and 
autoimmune diseases, and it is clinically applied to treat rheumatoid 
arthritis. The usefulness of antioxidative therapy as adjuvant therapy 
has been reported [57,58].

In addition to the usefulness for the immune function, antioxidative 
therapy has recently been frequently reported to be useful for severe 
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cases: Administration of several vitamins decreased the incidences 
of lung injury and multiple organ failure, and shortened the duration 
of artificial respiration management and ICU stay in severe trauma 
patients [65]. The effectiveness of trace minerals for severe burn 
patients with regard to the prevalence of pneumonia has also been 
reported [66]. Regarding the effect of a combination of trace elements 
and vitamins, Heyland et al. reported that antioxidant administration 
significantly reduced the mortality rate on meta-analysis of patients in 
a severe state, such as those with multiple traumas, head trauma, SIRS, 
burns, and postoperative ICU [67-69].

Possibility of clinical application of reactive oxygen 
measurement in cells collected from human blood

The bactericidal effect and induction of inflammation by reactive 
oxygen produced by granulocytes are known as the immune function, 
there are some reports about pathophysiology of each organ (lung 
[70-75], cardiovascular [76-78], kidney [79,80], liver [81], etc.) and 
evaluation of treatment (drug [79-93], food factor [94], operation [95], 
etc.) by radical oxygen measurement of neutrophilic granulocyte from 
human blood samples. But there are few reports about evaluation or 
investigation of clinical applications toward innovative diagnosis or 
preventive medicine by clinical trials.

Although it was a pilot study, Ichiishi et al. isolated granulocytes 
from blood samples collected in a hospital or at bedside, and measured 
reactive oxygen, and they reported its practicality for preventive 
medicine and medical care at clinical sites [6].

Blood was collected in the off-season of pollinosis from 30 
volunteers comprised of 17 patients diagnosed with cedar pollinosis 
and 13 healthy subjects. Granulocytes were stimulated with cedar 
antigen, and reactive oxygen was measured using the ESR spin 

trapping method. A significant correlation was observed between the 
clinical severity classification and reactive oxygen level (Figure 5). 
They stated that although it was a pilot study with a small number 
of cases, the severity of pollinosis in the off-season may be predicted, 
enabling taking countermeasures and treatment from the off-season 
[6]. They also mentioned unpublished data: When blood granulocytes 
collected from 3 pneumonia patients with different clinical courses 
were stimulated, different reactions were observed in reactive oxygen 
measurement, suggesting a new functional evaluation by reactive 
oxygen measurement for clinical evaluation, which was previously 
performed mainly based on the white blood cell count (granulocyte 
count), proposing a possibility leading to new evaluation and step to 
choice appropriate therapy and prevention of refractory pneumonia 
and pneumonia in the elderly (data unpublished).

Evaluation of the function of cells collected from patients may 
be clinically significant, as described above, and reactive oxygen 
measurement may be useful as one of the functional evaluation tools of 
innovative diagnosis or preventive medicine.

Others
In regeneration and transplantation medical care, clinical 

application of vascular endothelial precursor cells (EPC) targeting 
myocardial infarction and lower limb ischemic disease is in the 
spotlight, but inhibition of EPC migration from the bone marrow and 
the properties of cells contributing to vascularization under oxidative 
stress and a chronic inflammatory state have been reported [96,97]. 
Masuda et al. [96] reported that inhibition of production and removal 
of reactive oxygen using oxidative stress-improving drugs/factors 
(antioxidative therapy) improved oxidative stress and subsequently 
improved EPC activity, which may increase the treatment effect of 
regeneration and transplantation (Figure 6).
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Conclusion
Evaluation of oxidative stress has markedly progressed and 

developed in basic medicine, but there is much room left for its clinical 
application and development. A problem with the above development 
in clinical research of oxidative stress and application of the results 
to humans is that health foods and beverages allegedly effective for 
reducing oxidative stress are already on the market but more than a 
few of them have a poor scientific basis and their effects seem to be 
questionable. 

This review introduces valuable studies by Japanese researchers that 
were reported in clinical medicine journals in Japan over the last 5-6 
years. 

Novelty or a focused topic may be important, but this manuscript is a 
review of clinical applications against oxidative stress such as those under 
clinical trials, and is not an original article or focused, restricted one. In this 
manuscript, I would like to highlight the expansion of clinical applications 
against oxidative stress in a wide range of fields in Japan. 

There may be many excellent reviews that should be consulted and 
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Figure 5: Relationships between pollinosis symptoms and specific IgE, histamine release rate, and ROS generation in response to allergen [6].
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discussed in the world. However, all papers in my review were presented 
in clinical medicine journals in Japan, showing highly promising 
clinical applications in their Discussion sections. Indeed, most of 
these applications are being evaluated in clinical trials, attracting 
much attention in Japan. My manuscript may not include all clinical 
applications against oxidative stress, but includes major contents that 
have been recently attracting attention and expected to be clinically 
applied. A more comprehensive review without restriction to only 
Japanese data might provide a more informed overview on the topic. 

These application cases naturally differ from those in the other 
countries. Independent development, locality, and trends in each region 
are sometimes desired. If the world looks in only in one direction in the 
same scope, originality or future development in new fields cannot be 
expected.

This report introduced the recent trend including these, but 
unquestionable bases and evidence of oxidative stress have already 
been accumulated in the basic study field. I hope these will be actively 
applied in the clinical field, accumulate evidence through performing 
systematic clinical studies and trials, and actually facilitate health 
promotion, disease prevention, and treatment effects in humans, 
making great contributions to actual medical practice.
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