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The aim of this study is to evaluate the effectiveness of free radical
scavenger (edaravone, EV) combined with hypothermia (HT) for hypoxic-ischemic (HI) brain injury, and
the safety of hydrogen gas inhalation in neonatal piglets. The following results had been reported.
At first, there was a positive linear correlation between changes in cerebral blood volume and
low-amplitude aEEG duration during 12 h after the insult in the no-therapy group, but a negative
linear correlation between these two parameters in the HT group. Secondly, both HT and HT+EV groups

showed lower histopathological cerebral damages compared to that of no-therapy, especially in gray
and white matter. However, HT+EV did not show lower damages compared to HT. Lastly, hydrogen gas

inhalation had no effects on circulatory and metabolic activities, especially cerebral hemodynamics
and oxygen metabolism, and cortical electrical activity. Therefore, hydrogen gas is likely to be

used safely in neonatal medicine.

Hb



50

2
(Kusaka
.Pedatr Res 2004)
(Kusaka .Pedatr Res 2009)
48-72
( L]
2007)
72 Lorek 1994,

Thoresen 1996, Kusaka 2009

Marks 1996

(Jensen 2006, Tichauer 2009 )

(Ohsawa 2007)

(Cai  2009)
Hb
1)
2) 24
Hb
5
3)
4)
5
Hb
6 HIE
72 CBV
Hb Sco2



24
(HIE)
S 3 NT 13
(HT )10
(HT+R
)8
amplitude-integrated EEG(aEEG)
Near-infrared time-resolved
spectroscopy (TRS) CBV
Hb Sc02
24
(LAEEG)
LAEEG 20
60% 5-10 50
HT 24
33.0-34.0 HT+R
5mg/kg5 /kg 12
6 5
3.8 96.3
HT
HIE 6 72
2000 7 1 2013 7 31
NICU HT
HIE 4 MRI normal
1 cp 2 1
HT HT
HIE 6 normal 4
cp 2 TRS 6
72 CBV ~ Sc02
1 Hl
autoregulation
5

2)NT 10 HT 10
HT
24

(ACBV)  LAEEG

HT
LAEEG
A CBV)
HT
LAEEG
HT

4 9 0
4
HT  HT+R NT
(2.3£ 1.8, 2.7+ 1.2,
2.8+ 1.4) (2.7 1.6, 2.8+ 1.6,
3.1+ 1.4 ) HT
HT+R
24

4 S 3 NT 12 HT 7 HT+R

6 5
Azan
Azan
S 1.22+ 0.46 NT
2.85+ 0.93 HT 3.79+ 1.10 HT+R
5.08+ 1.09 HT+R NT
p<0.01
HT S HT+R
5
Cr

EV
5 S 4 NT 8 HT 6
5 HE
HE
S NT
NT
HT
HIE
6 6 3
3
30%
2. 7% 6
1 6
Hb



D

2)

3)

4)

5)

1
Hb
40 72
CBV Sc02 HT
cp
normal CP
6
HT CBV
HT
HT
72 CBV Sc02
HT
CBV  Sc02 HT
HIE
14

Nakamura S, Walker DW, Wong FY.
Cerebral haemodynamic response to
somatosensory stimulation in near-
term fetal sheep. J Physiol.
595:1289-1303, 2017. doi: 10.1113/JP
273163
Kubo H, Shimono R, Nakamura S, Koyano
K, Jinnai W, Yamato S, Yasuda S,
Nakamura M, Tanaka A, Fujii T,
Kanenishi K, Chiba Y, Miki T, Kusaka
T, Ueno M. Hypoxic- Ischemic
Enceohalopathy-Associated Liver
Fatty Degeneration and Effects of
Therapeutic Hypothermia in Newborn
Piglets. Neonatology. 111:
203-210,2016-doi :10.1159/000450721
Nakamura S, Koyano K, Jinnai W, Hamano
S,Yasuda S, Konishi Y, Kuboi T,
Kanenishi K, Kusaka T. Simultaneous
measurement of cerebral hemoglobin
oxygen saturation and blood volume in
asphyxiated neonates by near-infrared
time-resolved spectroscopy. Brain &
development. 2015;37: 925-32.
doi:10.1016/j -braindev.2015.04.002.
Nakamura M, Jinnai W, Hamano S,
Nakamura S, Koyano K, Chiba Y,
Kanenishi K, Yasuda S, Ueno M, Miki T,
Hata T, Kusaka T. Cerebral blood
volume measurement using near-
infrared time-resolved spectroscopy
and histopathological evaluation
after hypoxic-ischemic insult in
newborn piglets. International
Journal of Developmental Neuroscience,
42:1-9, 2015.doi:10.1016/
j-ijdevneu.2015.02.009
Miki T, Yokoyama T, Kusaka T, Suzuki
S, Ohta K, Warita K, Wang ZY, Ueki M,
Sumitani K, Bellinger FP, Tamai M, Liu
JQ, Yakura T, Takeuchi Y.Early

6)

7

8)

9)

10)

11)

12)

postnatal repeated maternal
deprivation causes a transient
increase in OMpg and BDNF in rat
cerebellum suggesting precocious
myelination. J Neurol Sci,
336:627,2014.doi1:10.1016/j.jns.2013.
10.007
Miki T, Kusaka T, Yokoyama T, Ohta K,
Suzuki S, Warita K, Jamal M, Wang ZY,
Ueki M, Liu JQ, Yakura T, Tamai M,
Sumitani K, Hosomi N, Takeuchi
Y.Short-term ethanol exposure causes
imbalanced neurotrophic factor
allocation in the basal forebrain
cholinergic system: a novel insight
into understanding the initial
processes of alcohol addiction.
J Neural Transm. 121:201-10,
2014.
doi:10.1007/s00702-013-1085-y
M. Ueno, N. Nishi, T. Nakagawa, Y.
Chiba, I. Tsukamoto, T. Kusaka, T.
Miki, H. Sakamoto, F. Yamaguchi, M.
Tokuda. Immunoreactivity of glucose
transporter 5 is located in epithelial
cells of the choroid plexus and
ependymal cells. Neuroscience.
260:149-157, 2014.
doi: 10.1016/j.neuroscience.2013
Kusaka T, Isobe K, Yasuda S, Koyano K,
Nakamura S, Nakamura M, Ueno M, Miki
T, Itoh S_Evaluation of cerebral
circulation and oxygen metabolism in
infants using near-infrared light.
Brain Dev. 36:277-283, 2014.
doi: 10.1016/j.braindev.2013.05.011
Nakamura S, Kusaka T, Koyano K, Miki
T, Ueno M, Jinnai W, Yasuda S, Nakamura
M, Okada H, Isobe K, Itoh
S_Relationship between early changes
in cerebral blood volume and electro
cortical activity after hypoxic
-ischemic insult in newborn piglets.
Brain Dev, 36:563-571, 2014.
doi:10.1016/] .braindev.2013.08.005
Nakamura S, Kusaka T, Yasuda S, Ueno
M, Miki T, Koyano K, Nakamura M, Okada
H, Okazaki K, Isobe K, Itoh S. Cerebral
blood volume combined with
amplitude-integrated EEG can be a
suitable guide to control hypoxic/
ischemic insult in a piglet model.
Brain Dev. 35:614-625. 2013.
doi: 10.1016/j.braindev.2012.10.007
Koyano K, Kusaka T, Nakamura S,
Nakamura M, Konishi Y, Miki T, Ueno M,
Yasuda S, Okada H, Nishida T, Isobe K,
I'toh S_The effect of blood transfusion
on cerebral hemodynamics in preterm
infants. Transfusion. 53:1459-1467.
2013. doi:10.1111 /j. 1537-2995.
2012.03953.x
Miki T, Liu JQ, Ohta K, Suzuki S,
Kusaka T, Warita K, Yokoyama T, Jamal
M, Ueki M, Yakura T, Tamai M, Sumitani
K, Hosomi N, Takeuchi Y.Early




13)

14)

D

2)

3)

4)

5)

6)

postnatal maternal separation causes
alterations in the expression of

B 3-adrenergic receptor in rat
adipose tissue suggesting long-term
influence on obesity. Biochem Biophys
Res Commun. 442:68-71. 2013.

doi: 10.1016/j.bbrc.2013.11.005
Ohta K, Miki T, Warita K, Suzuki S,
Kusaka T, Yakura T, Liu JQ, Tamai M,
Takeuchi Y. Prolonged maternal
separation disturbs the serotonergic

system during early brain development.

Int J Dev Neurosci. 33:15-21. 2013.
doi:10.1016/] .ijdevneu.
2013.10.007
Kato I, Kusaka T, Nishida T, Koyano K,
Nakamura S, Nakamura M, Konishi Y,
Kunikata J, Jinnai W, Yasuda S, Okada
H, Itoh S, lIsobe K. Extrauterine
environment influences spontaneous
low-frequency oscillations in the
preterm brain. Brain Dev. 35:17-25.
2013.
doi: 10.1016/j.braindev.2012.03.007
24
Nakamura S. Development of
neurovascular coupling in the fetal
sheep and newborn lamb. Perinatal
Society of Australian and New Zealand
(PSANZ). 2016.05.Australia Townsvlle
Enter tainmat and Convention
Centre .(Australia)

2015.11.

- 67
. 2015.11. ANA

. 2015.07.

Konishi Y, Kato I, Tomita R, Suzuki H,
Okada H, Jinnai W, Koyano K, Yasuda
S, Nishida T, Matsuda Y, Konishi Y,
Kusaka T.Developmental Change of
Visual Cognitive Function of Infancy.
The 13th Asian and Oceanian Congress
of Child Neurology. 2015.05.Taipei
International Convention Center
(Taiwan)

Yasuda S, Hamano S, Jinnai W, Nakamura
M, Nakamura S, Koyano K, Kusaka T.
Relationship between cerebral
hemodynamics after hypoxic_ischemic
insult and cerebral metabolism in
newborn piglets. The 11th Congress
of Asian Society for Pediatric
Research.2015.04.0sakalnternational
Convention Center Japan.

[) . ,

( 5 ). 118

. 2015.04.
8 .
) 30
. 2014.11.
9) )
59
. 2014.11.
10) , . ,
59
. 2014.11.
11) , , , .
. 50
. 2014.07.

12) Yasuda S, Hamano S, Jinnai W, Nakamura
M, Nakamura S, Koyano K, Kusaka T, 1toh
S. Relationship between changes in
cerebral hemodynamics during
hypoxic-ischemic insult and cerebral
metabolism in newborn piglets.
Pediatric Academic Societies and
Asian Society for Pediatric Research
(PAS/ASPR) . 2014.05.

Canada(Vancouver).
13) . , ;
72
Hb . 58
. 2013.11.
14) ’ L] L]
4 ). 58
. 2013.11.
15) , s ,
; 58
. 2013.11.
16) 9’ 7 ?




17)

18)

19)

20)

21)

22)

23)

. 58
2013.11.

. 40
. 2013.11.

Nakamura S, Kusaka T, Koyano K, Miki
T, Uno M, Jinnai W, Yasuda S, Nakamura
M, Okada H, Isobe K, Itoh S.
Relationship between early changes in
cerebral blood volume and
electrocortical activity after
hypoxic-ischemic insult in newborn
piglets. ASPR-PSM 2013 Joint
scientific Meeting 9th ASPR Congress
& 20th PSM Annual Congress. 2013.05.
Sarawak(Malaysia).

Jinnai W, Kusaka T, Wakabayashi T,
Sugino M, Kunikata J, Nakamura S,
Koyano K, Ueno M Miki T, Nakamura M,
Yasuda S, Isobe K, Itoh S.
Relationship between cerebral blood
volume and cortical erectrical
activity during hypothermia in piglet
asphyxia model. ASPR-PSM 2013 Joint
scientific Meeting 9th ASPR Congress
& 20th PSM Annual Congress. 2013.05.
Sarawak (Malaysia).

Kusaka T, Nakamura S, Koyano K, Jinnai
W, Nakamura M, Yasuda S, Ueno M, Miki
T, Itoh S. Influence of a free radical
scavenger on neuronal damage in a

newborn piglet hypoxic-ischemic model.

ASPR-PSM 2013 Joint scientific
Meeting 9th ASPR Congress & 20th PSM
Annual Congress. 2013.05. Sarawak
(Malaysia).

Nakamura M, Nakamura S, Koyano K,
Jinnai W, Kunikata J, Yasuda S, Miki
T, Ueno M, Kusaka T, Isobe K, Itoh S.
Evaluation between pathological and
aEEG scoring after hypoxic-ischemic
insult in newborn piglet model.
ASPR-PSM 2013 Joint scientific
Meeting 9th ASPR Congress & 20th PSM
Annual Congress. 2013.05. Sarawak
(Malaysia).

Kusaka T, Nakamura S, Koyano K, Yasuda
S, Okawa S, Tanikawa Y, Feng G, Sato
C, Hoshi Y, Yamada Y, Itoh S.
Relationship between interoptode
distance and optical pathlength
factor in infants assessed by
near-infrared diffuse optical
tomography. ASPR-PSM 2013 Joint
scientific Meeting 9th ASPR Congress
& 20th PSM Annual Congress. 2013.05.
Sarawak (Malaysia).

24)

o

&)

. 2013.04.

116

. 2013.04.

KUSAKA, Takashi
50274288
UENO, Masaki

30222267
MIKI, Takanori

30274294
YASUDA, Saneyuki

00380155
IWASE, Takashi

30284368
(NAKAMURA, Shinji)

30437686
(OKADA, Hitoshi)

30253272
(KOYANO, Kosuke)

20437685
(KUBOI, Toru)

00437683
KOKUBO, Kenichi

20287965
(OKAZAKI, Kaoru)

40648614

(KOBAYASHI, Hirosuke)

70153632

116



