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Table 2 Some biologically relevant standard reduction potentials*

Half-cell LIk & B t4 gt
Highly H,O/hydrated eleetron (e.) —2.84
reducing CO/CO3~ —1.80
Qg HVHOS —0.46
Pataguat/paraquat® —0.45
Fe* _transferrin/Fe? * —transfecrin —0.4 (pH 7.3)
0203 <035
NADT, HY/NADH —6.32
FAD, 2HY/FADH; —0.18
Fe®* —ferntin/ferritin, Fe? ¥ —-0.1%
Dchydmascorbare/ascorbate —0.17
bequmone, H /ubxsermqumonc —0.04
—-ADP/Fe?* -ADP ~0.1
Fc“~cxmte/Fe“—cxtrate ~0.1
Pe**-EDTA/Fe®*-EDTA 0,12
Ubisemiquinone, H *ubiquinel 0.2
Ferricytochrome ¢/ ferrocytochrome ¢ 0.26
ascorbate® =, H¥/ascorbate™ 0.28
NAD*, H/NADH 0.30
Hy0q, H*HyO, OH® 0.32
oT", H"‘/aTH (e-tocopherol) 0.5
HU' H*/UHy (urate) 0.59
RS*/KS™ (cysteine) 0.92
0Of", 2H *HOs C0.9D.
ROZ, H*/ROOH ~0.77-1.44°
HO%, HYHO; 1.06
Highly RO, HYROH f{liphatic alkoxyl) 0 {restles variable)
oxidizing OH*, HVH,;G C23D

*Adapted from Halliwell and Gutteridge. in Free Radic Biol & Med pp41
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Interconversion of various oxygen-derived free radicals
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OXIDANTS (A) [ 285+ ]

[ Free Radicals + reactive oxygen species (ROS) ]

ES T} E > &1 22 EEXRAHEEE g3 3
. Superoxide . . )
0, anion AMELBTF 0;+e>0; Radical
0. Hydrogen . - 50D O -
H,0, peroxide BEAN 0:+2H——H:0: Non-radical (ROS)
e
H,0, +0,” —~3»0H +OH" {Harber-Weiss RX)
Hydroxyl
H*
© radical as H;0,+ Fe2* 5 OH—+ OH * +Fe>* (Fenton RX)
0,°~+HOCI-> 0, + OH* Radical
ROO* | Peroxyl radical |3 Rt % AMC = CAA 40y M C—C [ = ;c;xigtﬂtion ]
produx
RO* | Alkoyt HEEL ety 2 A4 00° Radical
HO;*  [Hydroperood |@&g% 0,°"+ H* 3 HO,* i e i g
. - Neutrophils
Hypochlorous | H.0, - CI* —2HOC! +OH [ N o ]
Hod acid RRE HOCI+H" +CI" = CL +H.0 e
Non-radical
. 0, + hv (photosensitization + Rose [ Chloroplast J
‘O-;; Bg |Singletoxygen |E & ¥ . ZAAEATELE
Bengal) = ‘0, ’
Radical
i » BE DR 0;°~+NO* > OONO" HOONO % 4 £ & ;
OONO™ | Peroxynitrite | o OONO"+ H* = HOONO OONOT % 2 LESK
23]
ExHE Ax2h tTxeh RIS £33
SOD Superoxide dismutase ﬁiigg% 0,"+2H —2,H,0, i;figg?l\ﬁlfﬁfégg)
CAT Catalase ﬁi,ﬂ:il* 2H,0, —T52H,0+0, 0 ﬁ‘t’ﬁw P AR
s peroxisomes
Glutathione BB R . ey - p e
GPx | roxidase s H,0, + 2GSH —%5 5 GSSG + 2H,0 = 3 GSHL 8555
GR ?;;Ea;:i::e )’;gﬁ'%"ﬁ GSSG + NADPH — % 5 2GSH + NADP~ £ ENADPHRL 5 5S
G EALE N N ) ) . .
PRX Peroxiredoxin BEEAEL L0, +TR g > TR o +2H,0 ‘%’%Thlorekdoxmﬁiﬁ
3 (TR =Thioredoxin)
B H 4Rk G6P+ NADP —2 5 6 (D) shuconate |  CYtosolicsource of
G-6-PDH | G-6-Pdehydrogenase AR A Ao ‘@ NADPH equivalent
Isocitrate BB Isocitrate+ NADP —22 3 NADPH Mitochondrial NADPH
ICDH - .
dehydrogenase .55 +oKG provider
v-GCSh | y-glutatamylcysteinyl | &3t & 8R4+
& synthetase(heavy HEEESRAE ¥ - glutamylcysteine + glycine —== GSH prociderfor GR
v-GCSI | chain)+(lightchain) |#242 GSH
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Table 1 Pro-oxidants and an ants imbalance in favor of for s responsible of the acquisition of
oxidative stress®
) Pro-oxidants (A) Anti-oxidants + Enzymes (B)
~Superoxide (0, ) Superoxide dismutase (SOD)
Hydrogen peroxide (H20;) . NADPH oxidase (NOx)
Hydroxy! radical (OH") Catalase (CAT)
Singlet oxygen {'0z) Glutathione peroxidase (GPx)
Peroxyl radical (ROO") Glutathione reductase (GR)
Hydroperoxy! radical {RO") Glutathione-s-transferase (GST)
Peroxynitrite (OONO") y-glutamylcysteinyi syntherse (y-GCS)
Nitric oxide (NO™) Thioredoxin peroxidase (Trx}
Hypochtorous acid (HOCI) Thioredoxin reductase (TrxR}

*Under normai conditions, antioxidants (B) outbalance pro-oxidants (A), but under oxidative stress conditions, pro-oxidants {A)
prevail over antioxidants (B) (i.e., A>B), which can lead to many inflammatory diseases including cancer, diabetes, Alzheimer's

and cardiovascular diseases.

25

1] fALR A
=
BB Z IR

BAAFASRES TR LGRS
BMEREIXMERACESEH W

2016/5/23

13



Tahle 5 A partial list of diseases that have heen linked to ROS

Disease

Agute respiratory distress syndrome
Aging .
Alzheimer T2 ;‘ET'
Atherosclerosis
Cardiovascular disease
BARRE kAR
inflammation
inflammatory joint disease
Neurological disease
Ohesity
T EHNE
Pulmonary fibrosis
[Rheumatold arthritis| A2 & i
Vascular disease

27

Table 4 The involvement of rree radicats (or oxidative stress) in various diseases categorihally exemplied
according to the underlying mechanisms instigated*

Group Classification

1 Diseases involving the excessive production of O,*”, H,0, and HOCI, by activated phagocytic cells e.g.,
Alzheimer's disease and hemodialysis BT % 75 2 £ (Alzheimer’s disease)

2 Disease processes involving the enhanced formation of ROS via drugs and toxin. &.4., CCly and
paraquat toxicity BHEILS LR

3 Disease processes involving the transfer of electron to oxygen by transition metals. &.g., colon cancer
and Wilson's disease. #7#% (Colon cancer)

4 Disease involving the abnormal oxidation of substrates, or changes in oxygen concentration, e.g., Dia-
betes and pre-eclampsia, #% % 7% (Diabetes)

5 Disease involving a failure, or excessive consumption, of protective defences. e.g., Atherosclerosis and
Down's syndrome, & Bk %% 1 (Atherosclerosis)

6 Disease In which free radicals might arise through structural perturbation of the cell. e.g., Aluminium
toxicity and corneal ulceration, kAR A EREEAR -

7 Tissue damage by high or low energy radiation. e.g., cataractogenesis and neonatal hyperbilirubinemia.

8 Radical complications of gene defects. e.g., chronic granulomatous disease and sickle cell anemia.

*Modified from reference 44. . 12 M # ¥ B (Chronic granulomatous disease)

AARAATEHETUXEREH2ZMHE ~
B3l kAT RAER R E R MR 2
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(A Picture is worth of thousand words)

Evidence-based oxidative stress-
mediated cellular damages
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( cardiac myocyte )
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Control

+5 uM Hemin

+40 uM Hemin
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Hydrogen acts as a therapeutic antioxidant by

selectively reducing cytotoxic oxygen radicals
Ohsawa et al. (Nat Med 2007; 13:688-694)
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RN

* Hydrogen instigates favorable distribution
characteristic with its capacity to diffuse across
biomembrane and capable of penetrating into
the cytosol. Thus, organelles, such as
mitochondria and nuclei can be protected.

« Hydrogen has been shown to be capable of
passing through blood brain barrier (BBB),
whereas, most antioxidant compounds cannot.
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Figure 5 Inhalation of hydrogen gas protects against ischemia-reperfusion
injury. (@) Rats inhaled H> and 30% Q- for 1 h under the anesthetics N2O
and halothane. Arterial (A) and venous (V) blood were collected, and the
amount of Hy was examined by gas chromatography) (b) Rats underwent

Nat Med., 13(6):688-94,2007 4
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Fig.3 Schematic diagram summarizes the po-
tential for preventive and therapeutic effects of
hydrogen in a multitude of disease models ...~~~ 4

April 28, 2014
ECEIVED

Office of Food Additive Safety

Division of Biotechnalogy and GRAS Notice Review, (HFS-255) ey 14700

Centar for Food safety and Applied Nutrition

Food and Drug Administration OFFLEEV%FMEW
5100 Paint Branch Parkway FOOD ADOTTY

College Park, MD 20740 GRN 000520

In accordance with the 21 CFR 170.36 (62 FR18937; April 17, 1997), MitoGene
Beverage Company, LLC hereby provides notice of a claim that the use of molecular
hydrogen (H:) solubilized in water is generally recognized as safe (GRAS) and therefore
exempt from the premarket approval requirement of the Federal Food, Drug and Cosmetic Act.

Hydrogen (H,)-enriched beverages (including drinking water, flavored water, and soft-
drinks), are produced by introducing high purity (99.995%) hydrogen gas into purified drinking
water under high-pressure (~ 100 psi}, loosely analogous to the carbonation process for
carbonated beverages. This process solubilizes hydrogen gas at the saturation limit of water.
Due to the chemical solubility of hydrogen in water, the concentration in such beverages
reaches up to 0.0214 mL Hy gas/mL H,0 . In contrast, carbonated beverages may contain up
to0 1.72 mL COy (gasy/mL HzO . The resulting product contains hydrogen at a concentration well
below the lower flammability limit. In this form, dissolved hydrogen is completely non-toxic, and

| non-flammable.
o4/es 2014

& Cody C. Cook, Ph.D., MD
Founder, MiteGene, LLC
Cody Cook@Gmail. com
501-258-3079

(67163
Apel 28, 2014
OF Drew R. Jones, Ph.D

Co-Founder, MitoGene, LLC
DrewRJenes@Gmail com 50
505-260-9921
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(Evidence-based application in
Cosmetic and prevention of obesity)
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FHIR : MBEAR
(Evidence-based application in the prevention of diabetes)

* {F W 7 87K (hydrogen-rich water; HRW) # = A 4% Fom oA & &) 5

Nutrition Research 28 (2008) 137143

LSS L L] L S
Hydrogen-rich water arm Placebo water arm
FENR LB 0 = 36) @ = 36)
0 wk 8 wk 0 wk 8 wk

(1) Cholesterol H% ﬁ)?‘-
Total (mmol/L)
HDL (mmol/L)
LDL (mmol/L)
sdLLDL (mmol/L.)

(@) = g4 s &5 (mmol/L)

3k B AL B B A% (mmol /L)

B) w5k & s

LDL (ecd)
oxL DL (unit/mL.)

(4) 22 1 o 48 (mmol/L)

(5) Fasting insulin
(pmol/L)

(6) HOMA-IR

(7) LA, . (20

5.52 =+ 0.99
1.59 = 0.38

1.05+0.25
11.5 = 4.9

).62 = 0.21

8.4+7.2

13.0 = 2.1
6.03 = 048

28.0 = 16.6

1.26 = 0.75
6.0 =04

5.45 = 0.87
1.63 = 0.37
3.35 £ 0.73

0.99+0.17
10.8 = 4.0

0.58 = 0.17

7.1456 "

12.7 = 1.7
5.99 = 0.57

30.2 = 15.0

1.34 = 0.68
5.9 = 0.5

5.49 =+ 0.99
1.61 = 0.36
3.42 + 0.83
1.05 = 0.22
11.1 = 4.4
0.64 + 0.17
8.2 = 6.0
130 1.9
6.05 = 0.44

28.3 = 152

1.27 = 0.71
6.0 =04

5.50 = 0.92
1.60 = 0.37
3.42 = 0.78
1.04 = 0.27

11.3 - 4.4

0.62 = 0.17

8.0 £ 6.2
12.9 2.2
6.03 = 0.54

29.0 = 15.5

1.30 = 0.75
6.0 = 0.5
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