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Ameliorating effects of nitric oxide and/or hydrogen gas inhalation on ARDS
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The objective of the present study was to clarify the effects of inhalation of
either nitric oxide (NO) or hydrogen gas, or simultaneous inhalation of both gases for a mouse model of
lethal septic shock due to severe lung injury.

NO gas inhalation provide beneficial effect such as inhibitions of neutrophil infiltration and vascular
permeability increase, but adverse effect such as interleukin-6 éproinflammatory cytokine) increase, and
resulted in the no change in the survival. On the other hand, hydrogen gas inhalation cannot inhibit
neutrophil infiltration but inhibit vascular permeability increase and did not change interleukin-6
level, and resulted in the improved survival. Simultaneous inhalation of both gases will be a good
strategy to reduce adverse effects of NO without eliminating the beneficial effects of NO.

ARDS



(Nishikawa et al. Hydrogen gas inhalation
ARDS ameliorates direct lung injury and indirect
contralateral lung injury in a murine aspiration
pneumonia model)
ERSYoung Scientist Sponsorship
ARDS poster discussion
ARDS
0.1IN
2%
ARDS 3
MPO
NO
NO 5 80ppm
MPO
NO
1993
Warren Zapol o X
NO
NO H; NO+H;
NO o X o
o X O
o X O
o X O
NO X o o
X O O
NO
NO NO
(Ohsawa |
et al. Nat Med. 2007; 13(6): 673-4)
NO
(Ohsawa I, et al., Nature Medicine,
2007; 13: 688-4.; Hayashida K, et al. Biochem
Biophys Res Common, 2008; 373; 30-5.)
NO NO
NO
NO
(Kobayashi H, et a. Am J
Respir Cell Mol Biol. 2001; 24:390-7) NO ARDS
ARDS NO
ARDS
13-32, 14-24, 15-22
2012 9




NO,
3.1

| |
Control 02:21%
02:21% H2:1.3%
02:21% NO:80 ppm
02:21% H2:1.3% NO:80 ppm

AR

[N 00

HARAREHR

3.1

ARDS

ARDS
Yokochi  (Ito H, et al.
Laboratory Investigation 2006, 86, 254-61;
Yokochi T, Innate Immunity, 2011, 18, 364-70)

ARDS

20
pg/ml a-galactosylceramid
a-galactosylceramid lg Sul
a- galactosylceramid 6
50 pg/ml LPS
lg 10 pl
3.1
LPS 9
3 LPS
10 MPO (Myeloperoxidase)
IL
(interleukin)-6
MPO (Myeloperoxidase)
LPS 10
9
50 uM PBS,
pH:6.0
1.5 ml PBS

1.5 ml

(6000 rpm, 15 min,

4 ) 1.5 ml
PBS 200 ul 1.25 mg/ml
100 uI Hanks BSS 2 ml
S5ul 15ml 37 30
100 pl
15
100 pl
460 nm
TP MPO
MPO [ / ]
LPS 10
0.4 ml
0.15ml
0.15 mL
60 72
B
( )
IL(interleukin)-6
LPS 10
EDTA
4 15000 rpm 5 min)
-20
IL-6 ELISA IBL IL-6
COX
NO
log-rank
MPO IL-6
2 NO
P>0.05
4.1
COX
0.41 P=0.012,
1.33
P=0.384,



12
10

EFHIE]
o N A~ O

1

EFRIT]
SO NN B O 0

e=control 3

e==H20% A B
==NOIR% A 5%
it R ABE

-

T

0 5 10 15 20 25

0

4.2

0.0007
0.0006

0.0005
0.0004
0.0003
0.0002
0.0001

ez REEL

s Control H2 NO NO+H2
(n=4)  (n=5) (n=5) (n=5) (n=5)
4.4
NO
2 ( )

| % p<0.01
Mean=*=SD

#EBEFR[h)]
4.1 ( )
==NOU% A Bf
{3 AR A B
0 5 10 15 20 25
#E@rsR[h)]
(NO )
[ Two—-way ANOVA *%

F#  Control  H2 NO NO+H2
(n=4) (n=b) (n=5) (n=5)  (n=H)
4.3 MPO
Two-way ANOVA
Alvs. A2:%x B1 B2
B1vs.B2:¥¥| A1 | control H2

** p<0.01
Mean=*=SD

A2 INO NO+H2

log-rank (

42) 2

2000 ¢ Two-way ANOVA
| ** p<0.01
Mean+SD
— 1500
£
2
E 1000
1
€ 500
=
0
Control NO NO+H2
(n—4) (n=3) (n 3) (h=3)  (n=3)
4.51L-6
MPO 43
2
) 2
(Control )
4.4
NO
10 IL-6 4.5
2
)
2 (Control )
IL-6
ARDS
IL-6
NO
IL-6
NO

Shinbo T, Kokubo K, Sato Y, Hagiri S,



Hataishi R, Hirose M, Kobayashi H.
Breathing Nitric Oxide plus Hydrogen Gas
Reduces Ischemia-Reperfusion Injury and
Nitrotyrosine Production in Murine Heart.
Am J Physiol Heart Circ Physiol. 305:
H542-H550, 2013 ( )

Ikeda R, Hoshi A, Shimoda J, Kobayashi K,
Kokubo K, Kobayashi H. Effects of nitric
oxide and hydrogen gas on mitochondrial
respiration after anoxiareoxygenation. The
9th Conference on the Biology, Chemistry,
and Therapeutic Applications of Nitric Oxide,
2016.5.20-22,

.5
, 2015.3.21-22,

Nishikawa Y, Kokubo K, Kobayashi K,

Hataishi R, Shinbo T, Hirose M, Kobayashi H.

Hydrogen gas inhalation ameliorates direct
lung injury and indirect contralateral lung
injury in a murine aspiration pneumonia
model. The 19th Congress of Asian Pacific
Society of Respirology (APSR),
2014.11.13-16, Bali (Indonesia)

> > >

.18
, 2014.11.29,

.23
, 2014.2.20-21,

2014.2.1,

>

. 17
2013.8.3-4,

13 NO , 2013.6.28-29,

ey
KOBAYASHI, Hirosuke

70153632

(2
KUBOTA, Masaru

00234500
FUIJII, Shigemoto

00325333
(AKAIKE, Takaaki)

20231798

KOKUBO, Kenichi

20287965



