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medicine
Hydrogen acts as a therapeutic antioxidant by selectively
reducing cytotoxic oxygen radicals

Ikuroh Ohsawa!, Masahiro Ishikawa!, Kumiko Takahashi!, Megumi Watanabe!?, Kiyomi Nishimaki',
Kumi Yamagata], Ken-ichiro Katsura®, Yasuo Kata}ramaz, Sadamitsu Asoh' & Shigeo Ohta'

Acute oxidative stress induced by ischemia-reperfusion or inflammation causes serious damage to tissues, and persistent oxidative
stress is accepted as one of the causes of many common diseases including cancer. We show here that hydrogen (Hz) has
potential as an antioxidant in preventive and therapeutic applications. We induced acute oxidative stress in cultured cells by three
independent methods. H; selectively reduced the hydroxyl radical, the most cytotoxic of reactive oxygen species (ROS), and
effectively protected cells; however, Hz did not react with other ROS, which possess physiclogical roles. We used an acute rat
model in which oxidative stress damage was induced in the brain by focal ischemia and reperfusion. The inhalation of Ha gas
markedly suppressed brain injury by buffering the effects of oxidative stress. Thus H, can be used as an effective antioxidant
therapy; owing to its ability to rapidly diffuse across membranes, it can reach and react with cytotoxic ROS and thus protect
against oxidative damage.
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Figure 4 Molecular hydrogen dissolved in solution scavenges hydroxyl radicals at 23 °C and pH 7.4 in cell-free systems. (ab) The Fenton reaction,

which generates hydroxyl radicale, was initiated by adding H20= (to a final concentration of 5 pM) in a closed cuvette at 23 “C with gentle stiring
(Supplementary Methods). Levels of =0H in the presence of various concentrations of Hs dissolved in the solution were assessed for HPF fluorescence.

(a) Representative time course traces of HPF fluorescence at each concentration of Hz. Baselines 1 and 2 show HPF fluorescence (in the presence of

0.8 mM Hgz) in the absence of Hz0z (baseline 1) and in the absence of ferous perchlorate {baseline 2). (b) Mean + s.d. of initial rates of increase in HPF
fluorescence (four independent experiments). (e—g) Levels of «OH and two reactive nitrogen species (RNS: NOs and peroxynitrite (ONOO-)) remaining

after incubation with 0.6 mM of Hz at 23 °C (details in the Supplementary Methods). Vitamin C {\Vit. C) and superoxide dismutase (S00D) wene used as
positive controle. Signals generated in the absence of Hz (CTL) were set at 100%. Data reprezent mean + s.d. (n = 6). *P < 0.05, *** P = 0.001.
NET-diformazan: oxidized form of nitroblue tetrazolium (NBT, a detector of Oze). DAF-2: diaminofluorescein-2 (a detector of «NO).
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Resuscitation Science

Hydrogen Inhalation During Normoxic Resuscitation
wr Improves Neurological Outcome in a Rat Model of Cardiac
H2 ] XQ&ATHN L\mq),ﬁmﬁguwﬁi{'? FiRL Arrest Independently of Targeted Temperature Management
'&gﬂ’(x éﬁll\éﬁé Kei Hayashida, MD: Motoaki Sano, MD, PhD: Naomi Kamimura, PhD; Takashi Yokota, PhD:
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LATE BREAKING CLINICAL TRIAL (JCS 2017)

Circ J 2017; 81; 940-947
doi: 10.1253/cing) CJ-17-0105

The Effects of Hydrogen Gas Inhalation on Adverse
Left Ventricular Remodeling After Percutaneous Coronary
Intervention for ST-Elevated Myocardial Infarction
— First Pilot Study in Humans —

Y oshinori Katsumata, MD, PhD; Fumiva Sano; Takayuki Abe, PhD;
Tomoyoshi Tamura, MD; Taishi Fujisawa, MD; Yasuyuki Shiraishi, MD, PhD;
Shun Kohsaka, MD, PhD; Tkuko Ueda, PhD; Koichiro Homma, MD, PhD;
Masaru Suzuki, MD, PhD; Shigeo Okuda, MD, PhD; Y uichiro Mackawa, MD, PhDD;
Eijn Kobayashi, MD, PhD; Shingo Hori, MD, PhD; Junichi Sasaki, MD, PhD;
Keiichi Fukuda, MD, PhD; Motoaki Sano, MD, PhD
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8‘;:;‘;‘}‘;‘;3;’;‘,‘3;11“ Japanese Circulation Society RAPID COMMUNICATION Table. Post-Cardiac Arrest Syndrome Patients Clinical Characteristics and Outcomes
http: //www.j-circ.or.jp Patlent no.
Feasibility and Safety of Hydrogen Gas Inhalation for ! 2 3 4 >
Post-Cardiac Arrest Syndrome Age (years) 6 m 46 80 >
Fi ol Pilot Stud Sex F M M F M
— rirst-in-Human Filot Study — Witness status Yes Yes Yes Yes Yes
Tomoyoshi Tamura, MD; Kei Hayashida, MD; Motoaki Sano, MD; Masaru Suzuki, MD; g
Takayuki Shibusawa, MD: Joe Yoshizawa, MD: Yosuke Kobayashi, MD: Takeshi Suzuki, MD: B?Stande_r performed CPR Yes Yes Yes No Yes
Shigeo Ohta, PhD: Hiroshi Morisaki, MD: Keiichi Fukuda, MD; Shingo Hori, MD First monitored rhythm Asystole VF VF VF VF
Presumed cardiac arrest time (min) 25 15 16 14 24
Background: Hydrogen gas inhalation (HI) ameliorates cerebral and cardiac dysfunction in animal models of post- Dlagn05|s Pneumonia Hyperkalemla AMI HOCM AMI
cardiac arrest syndrome (PCAS). HI for human patients with PCAS has never been studied. GCS before HI 3 3 7 6 6
Methods and Results: Between January 2014 and January 2015, 21 of 107 patients with out-of-hospital cardiac Emergency CAG No Yes Yes No Yes
arrest achieved spontaneous return of circulation. After excluding 16 patients with specific criteria, 5 patients under- E PCI N N % N Y
went HI together with target temperature management (TTM). No undesirable effects attributable to HI were mergency 0 0 es o €s
observed and 4 patients survived 90 days with a favorable neurological outcome. Time from ROSC to HI (h) a7 7 5.4 49 38
Conclusions: Hl in combination with TTM is a feasible therapy for patients with PCAS. (Circ J 2016; 80: Target lemperature (OC] 6 34 34 34 34
1870-1873)
Time from ROSC to target temperature (h) 0.5 10.0 8.8 7.0 58
AEs attributable to HI Nona None None None None
NSE (ng/ml) NA 36.2 12.8 22.6 64.8
90-day survival No Yes Yes Yes Yes
90-day CPC 5 1 1 1 1

AE, adverse event; AMI, acute myocardial infarction; CAG, coronary angiography; CPR, cardiopulmonary resuscitation; GCS, Glasgow Coma
Score; HI, hydrogen gas inhalation; HOCM, hypertrophic obstructive cardiomyopathy; NSE, neuron-specific enolase; PCI, percutaneous coro-
nary intervention; ROSG, return of spontaneous circulation; VF, ventricular fibrillation.
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Efficacy of inhaled hydrogen on neurological outcome
following brain ischaemia during post-cardiac arrest care
(HYBRID Il): a multi-centre, randomised, double-blind,
placebo-controlled trial

Tomoyoshi Tamura,™® Masaru Suzuki,>** Koichiro Homma,*” and Motoaki Sano,”“ HYBRID Il Study Group®

*Department of Emergency and Critical Care Medicine, Keio University School of Medicine, Tokyo, Japan
®Center for Molecular Hydrogen Medicine, Keio University, Tokyo, Japan

‘Department of Emergency Medicine, Tokyo Dental College Ichikawa General Hospital, Chiba, Japan
“Department of Cardiology, Keio University School of Medicine, Tokyo, Japan

E Clinical Medicine 2023; 58 101907
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Table S1. Combinations of ventilator settings and research gas flow rate (l:E ratio 1:1.5)

Target condition Ventilator Rezzasrch
\% RR ) Tv RR ) flow rate
Fi0,24-50%TSp0,'94%1 + .
I 2 0 p 2 0 . 0.40 0.80
— 10 3.38 10 3.z2 24
& : 64 '
Pa0,85-150mmHg. PaC0,35-45mmHgliRAZE, o 0%
0.50 1.00
0.40 0.60
12 0oz 12 0es 29
° . ~ — 0.28 0.56
- RKDY AT LTKREBASES
XEHEEHRLERIRD> 02
0.40 0.60
28, RARBEEREIFS0%H LR 6 e i
[ = RN m ) b -4 0 o 0.28 0.56
0.24 0.48
0.50 1.00
0.40 0.80
0.36 0.72
Blinded Gas Cylinder 20 0.32 20 0.64 45
H, Group: 4% H; + 96% N, ¥ 046
or 0.50 1.00
Canno 0.40 0.0
Control Group: 100% N2 10 ggg 0 ggi .
0.28 0.56
0.24 0.48
0.50 1.00
0.40 0.60
| Heat & Moist Exchanger 12 o 12 a2 26
T 0.28 0.56
— - 0.24 0.48
' 400 0.50 440 1.00
: = -
] , : 5 0.32 15 0.64 33
Air Inspiratory Duct ' . oo oas
Ventilator 0.50 1.00
| \ 0.40 0.0
on : n [0 -
. i 0.28 0.56
Expiratory Duct 1 0.24 0.48

Ventilation metre |
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Inclusion criteria
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Patients fulfilling
inclusion criteria
(N=429)

Excluded
ECMO use (n=111)

Severe neurological impairment before CA (n=17)

Non-cardiogenic cause (n=78)
Severe respiratory failure (n=39)

Y

# Gas inhalation initiated 26h after ROSC (n=6)
Restriction in treatment code (n=19)

Pregnant women (n=2)

Deemed inappropriate by treating physician (n=10)

Staff not available !n=60i

Family member not available or did not consent (n=14)

Randomised
(N=73)

H, group
(n=39)

Control group
(n=34)

H, group
Full-analysis set
(n=39)

Y

Control group
Full-analysis set
(n=34)

H, group
Per-protocol set
(n=39)

o Excluded
| Protocol deviation (n=1)

Control group
Per-protocol set
(n=33)
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Characteristic H; (n = 39) Control (n= 34)
Demograp hic characteristics
Age, median (range), y 68 (22-80) 68 (24-79)
Male sex, n (%) 32 (82) 27 (79)
Female sex, n (%) 7 (18) 72
Medical history, n (%)
Myocardial infarction 4 (10) 1(3)
Angina pectoris 1(3) 1(3)
Amhythmia 4 (10) 5(15)
Hypertension 15 (38) 12 (31)
Cerebrovascular disease 1(3) 7 (21
Type 2 diabetes 8 (27) 9 (26)
Heart failure 5(13) 3(9)
Chronic lung disease 2(5) 6 (18)
Chronic kidney disease 3(8) 2(6)
Malignant tumour 2(5) 2 (6)
Characteristics of the CA
CA at public location, n (%) 22 (56) 16 (47)
Bystander-witnessed CA, n (%) 29 (74) 22 (65)
Bystander-performed CPR, n (%) 29 (74) 21 (62)
Initial cardiac rhythm
Shockable rhythm 29 (74) 18 (53)
Ventricular fibrillation 22 (56) 15 (44)
Ventricular tachyardia 0 1]
ROSC after bystanderinitiated defibrillation 1(3) 3(9)
Unknown rhythm, shock administered 6 (15) [}
Non-shockable rhythm 10 (26) 16 (47)
Pulseless electrical activity 5 (13) 6 (18)
Asystole 3(8) 8 (29
Other 2(5) 1(3)
Unknown rhythm, no shock administered 0 1(3)
Time from CA to ROSC, mean (SD), min 28 (15) 26 (11)
Time from CA to gas inhalation, mean (SD), min 258 (55) 271 (60)
Clinical characteristics on admission
Heart mte, mean (SD), bpm 86 (17) 81 (18)
Systolic arterial pressure, median (IQR), mmHg 139 (120-162) 126 (112-149)
Diastolic arterial pressure, mean (SD), mmHg 77 (18) 77 (19)
Catecholamine used, N (%) 13 (30) 17 (50)
Arterial pH, mean (5D) 7343 (03) 7.354 (0)
Arterial oxygen partial pressure, mean (SD), Torr 161.5 (108) 163.1 (94)
Arterial arbon dioxide partial pressure, mean (SD), Torr 411 (8) 39.9 (8)
Arterial bicarbonate level, mean (SD), mg/dL 221 (5) 217 (4)
Arterial base excess, mean (SD), mmaol/L -3.2 (6) =35 (4)
Arterial lactate level, mean (5D), mmol/L 2.92 (26) 413 (4.4)
ST elevation Myocardial infarction, N (%) 12 (31) 13 (30)
SOFA score, median (IQR) 3 (1-5.25) 4 (2-6)

Abbreviations: bpm, beats per minute; CA cardiac arest; CPR, cardiopulmonary resuscitation; IQR, interquartile mnge; ROSC, return of spontaneous circulation.

Table 1: Baseline characteristics of the full analysis set population.
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) &3 YREE
FEn 685i% 685i%
B4 82% 719%
Bystander CPR 714% 62%
Shockable rhythm 14% 53%
CA-ROSC 2849 269
CA-HARA 25849 27359
pH 7.343 7.354
BE -3.2 -3.5
STEMI 31% 30%
SOFA score 3 4
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mance Category (CPC) 90 days after randomisation. Neurological
outcomes were determined by board-certified neurologists who were
blind to treatment group assignment Good and poor neurological

outcomes were defined as a (PC of 1 or 2 and 3-5, respectively.
Abbreviation: Ha, molecular hydrogen.
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Fig. 3: Modified Rankin scale at 90 days after cardiac arrest. The
figure shows the number of patients with each modified Rankin scale
(mRS) score 90 days after randomisation. Neurological outcomes
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Fig. 4: Survival after out-of-hospital cardiac amest. The figure l%‘ L fd" 0= b 1ab ri-o

shows Kaplan-Meier estimates of the probability of survival until 90
days after randomisation among patients assigned to receive oxygen
with molecular hydrogen (H,) or oxygen alone (Control). Data are
shown for the 72 patients for whom survival status was available.
The event was defined as death, and data were censored at the end
of each patient's study period, i.e, at 90 days.
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{ ﬁ E;% ] Table S4: Adverse event eligibility criteria for blood test items
=

Blood test variable (Unit) Relative change” Absolute value™

@yEt Complete blood ] >x2.0 > 20,000
Il count White blood cell count (/pL) < %05 <3000

@Eﬁ%gb\tqk%_’CNspl%QSOFA Score BDJL Hemoglobin (g/dL) < x0.5 <70

QERLIRIEZEET-ZREFSOFA score=+2 Platelet (/uL) g i

<x0.33 < 80,000

@Eﬁmﬁﬁgwiﬁ Coagulation® Activated partial thromboplastin time (s) >x2.0 > 100
Prothrombin time (INR) >x2.0 >25
@L’-b \nkw%iﬂ rothrombin time 2 2

Fibrin degeneration product (ug/mL)

FHICERLFE i o
@%®{E®E+ Mbe &F Chemistry Creatine kinase (IU/L) >x3.0 > 800
{ E%”ﬁisg ] Aspartate aminotransferase (1U/L) >x3.0 > 100
wo /d~ = Alanine transaminase (IU/L) > x3.0 > 100
@;Et Alkaline phosphatase (IU/L) >%3.0 > 800

Lactate dehydrogenase (IU/L) >x3.0 > 800

@%tl’l%@ﬁ%;%d)aﬁ Total protein (g/dL) <x0.67 <45
2-1 HEAHZORAERTHEFR SR

Urea nitrogen (mg/dL)

@ - 2 gﬁﬁ‘:%iﬂ“ T%tb\jkﬁggg Creatinine (mg/dL) >x2.0 >3.0

Uric acid (mg/dL) >x15 >10
Hy group, N (%) Control group, N (%) P value C-reactive protein (mg/dL) >x5.0 >10
Total 37 (35) 28 (88) 040 * Relative change is defined as the ratio to the worst value obtained between the hospital visit and
18 h 10 (26) g [28) 100 the start of inhalation of the study gas. Each laboratory test marker was considered as an AE when
24 h 23 (59) 21 (66) 0563 Tboth criteria of relative change and absolute values were met.
- . Patients who were treated with anti-coagulants were excluded.
48 h 31 (82) 24 (75) 057 g

I o 6 oat 72BBUANDEETERR

RO oo . —IKFEBIS%vs X REFBBUTHEELL .
e e ERLEEER

Table 2: Prespecified adverse events during the study period. —)7k§g¥ 1 8%VSH%E¥ 2 1 %Tﬁiﬁ%tbo
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Table S12. Subgroup analysis of neurological outcomes at 90 days

Subgroup of patients H> group, N (%) Control group, N (%) P value
Witnessed, shockable rhythms 13 (59) 8 (57) >0.99
Non-shockable rhythms 5 (50) 2 (15) 0.08

BEHD 3y IMBVAL-BEELL
JEav IMBVAL=IKEHTRFS. HEtENFEEELL
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Table S7. Cox proportional hazard model for 90-day mortality

Adjusted HR (95%Cl) P value
Age, years 1.03 (0.98-1.09) 0.24
Male sex 0.81 (0.25-2.64) 0.72
Time from CA to ROSC, min 1.09 (1.03-1.14) < 0.001
Time from ROSC to research gas inhalation, min 1.00 (0.99-1.01) 0.67
H: 0.37 (0.12-1.18) 0.09
Initial shockable rhythm 0.50 (0.18-1.42) 0.19

MELERBRRAEREFTHOH,
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