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To investigate the effects of hydrogen water on liver fibrogenesis, C57BL/6 mice
were fed with hydrogen water or control water, and subjected to carbon tetrachloride,
thioacetamide and bile duct ligation treatments to induce liver fibrosis. Oral intake of
hydrogen water significantly suppressed liver fibrogenesis in the carbon tetrachloride
and thioacetamide models, but these effects were not seen in the bile duct ligation model.

To investigate the mechanisms underlying these effects, hepatocytes and
hepatic stellate cells were isolated from mice and cultured with or without hydrogen to
test the effects of hydrogen on reactive oxygen species-induced hepatocyte injuries or
hepatic stellate cell activation. Treatment of isolated hepatocyte with 1 png/mL antimycin
A generated hydroxyl radicals. Culturing in the hydrogen-rich medium selectively
suppressed the generation of hydroxyl radicals in hepatocytes and significantly
suppressed hepatocyte death induced by antimycin A; however, it did not suppress
hepatic stellate cell activation.

We conclude that hydrogen water protects hepatocytes from injury by
scavenging hydroxyl radicals and thereby suppresses liver fibrogenesis in mice.

(BHHAL - 1)
LR A I HE e & &t
AR TERR 2, 800, 000 840, 000 3, 640, 000




MR o HTNESM R

FHFE D53 - A - SARREBIRES: - I LRI
F—U— PRI L, TR, 2/, iR, ARINEA

1. WFERHMA YW O R

M b, S £ SR HEERIRD 8D
JFRECTHY . AFOHLLFHFICE N TE
TR DO—2>Th D, IHEFFRHELDRIK
ELTCHEMBEBEOEENTERASNATND,
T 2 13045 BF LT 350 TR A BT R AL TE ME A
ELTHE SN TWDAKREZEAKZ VTR
MLl R 2 st L7,

2. WHEOEM

RFE KRBT X 2 FFARHEA L B 2h 2R 2 B st
T2, IHIT, TDOAH=XLTOWTHE
T 5,

3. WD ik

(1) KFEAK, KBUSINEEH

~ T ZADMAICHWEAZKIZT A v LRl
RS L v R A Z T2, B~ D kR
DOEIIKEZALEHICETEAATY 7T 5
Z iz niTo T,

(2) ML DR
iR L OB EE T L & LT, C57TBL/I6 ~ ¥
ZAZx L, QU LRFEOERENE L (B 2
F., 6), @F 47 b7 I ROBEENES
OIERE., o 3EoOET L E AV,

(3) JFHmAe, s AmiE o 2y B
EFEFLY, 2775 —BABEIT O mE N
L0, RO BEEZIT-7-, EEFLY 2
BT —tY, Tar 7 —BRRET
W, F OO B AR LEE VT, T
D REMA % Sy BERE AR LT,

4. WFIEEkF

(1) KFEAKOKMIZNUELRSE, F4T &
N7 2 RIC L B RFRRMEILIE R & Bl 5,

T 2 13K F KB O BFRRHEALTE B~ D 2h
ZR 5121, C5TBLI6 ~ 7 ATk &k
W78 OKFEARE) Lav ba—nksE
A SB728 (2> ba—LKkEE) 2B\ T
i b ik#E (CCl4) %5 Liz, FFiE(LD
REMFEETHDI A X7 ul
BRIV, KFEAREEL 2 Fr—LKEE
W2 U CH B ARHEL O B 20 25 H &
iz (K1a), MR RETHD Y
ALy RYAIZ T TR HE AL 6 2h
ERfERE SN (K 1b), FEICF 47 & R
7 2 RTAA)ET VBV T, KFEKDOEK
FIZ & D TR HEILTE B 0 Bl 23h T 3 7R &
72 (K 2a. b),

(2) KFAKROEAIINTFIEAHE LTI S
t RaX LT O EZIET S,

ZAVE THOME ML FETE T LV EIZB VLT,
KFEONA Fua kT 20 VIR R

X1 KFRAKEAIIMEILREIZES
FFRHEIE T R ZHEIT 5

* p<0.05
(a) T 50 P
= _—
D 400-
£
=
£ 2000
3
£
g- 200
2
E 100
2
hydrogen - + - +
CCl, - - + o+
(b) control water hydrogen water
E ¢ ! T A
s q Y A
@ X
° {
Q0 A
b A
2 e
[ saoym P
S =t l O |

X2 KFEKEKBIIFAT7EETIRIZES
FrgHEE R A IH 5

(@)

*

300
200
100

0

hydrogen - + - +
TAA - - + +

Hydroxyprolene (ng/mg liver]

hydrogen water ‘
-

control water

(b)

Sirius red staining

i ol

X3 KFKERAIXFFRARMEAE RZ R S BT A
DERAF VI TDHLOEREINFHT S,

(@)

control water hydrogen water

P

(b) a owa 15y *P00005
2 P
£ 9

K

g

(EIEMERHE SN TS, Fx iTKkEKDIK
HlzBW T, Fix OfFEN ORI A LA~
— B —H T, CCl4, TAA EF )LD ATFIELC
BWT, B FexI LI hLlomtiEE s
L T% 5+ 5 Hydroxyphenyl Fluorescein
(HPF) Yeta 21T > 7=, CCl4 EF MIZEBWTHTF
LB B, E RS LT VLo
PEAENHERR S, KFEKOEHIC KLY ZDE
AMEIEA R SN (K 3a), TAA 5



MZBWTHREEOERTHH-7= (K 3b),

(3) MEEREERET VIV TIE, IFAII
E eI LT U hNOEAITHEINT,
IKFE K DN X 2 B R AEAL T AR 0 ) 2 SR
HRARDIR,

R FE 25 £ T T B W TR E K DR IIAT
BAEALINEI N R 2 R E e hoT- (K4da), £
TR REERE T VISR W TR, 2 b —L
KEEICBWTH AN OE e Loy
HNDREATRD LR o T2,

X4 BEHZEETILCE FEAICEROXDILSDhILOEE
1374, KFRKERAIZ LB ALIFRRIERBOSNAEL,

(a)

(ng/mg liver)
s

hydrogen
BDL

(4) KRFEIZIFHICBITSE Frx L s
UIAIVEAZIGI L, RIS RIS S,
KFARREOBEICBT D, IS L HI2h
ROAD =X L EFTARD DI, Hiaz
C57BL/6 w7 A L0 sk L, 7T F~A
A (AMA) BRI X VBB A b L A FEE %
1To77. AMA 5L D, B RerFo LTy
HINOEMZRD ., Z3 5 ITKBRMES I
THEHRTDIZLICXY, EENNH ST
(K 5a), AMA Z ¥ L 7= FF#0 A T
Propidium Todide {4 B51E oD FE K A3 14 H0
L7223, B~ DKFBIRNC X 0 SEH IR D E|
AN L7 (X5Db),

X5 KEFFFEBEICBITAEROXUIILSTH
ILEDHIL . FFMREEEERR T 5

*p<0.0001
257 P

timycin A | | control vehicle

anti

2
3
2
£
H
3
2
3
2
£

H
2

(5) KFIEZT 4 v aBEEIZBTHEMIE
TEHEARIC B2 B 2 R,

B~ D K BRI K 2 5 o iE A~
DT D781, C5TBL/6 = A5

EMlaz oL, SHEY9AF v I T 4 v
Vo ETHRE T, HEHHIZAKFE Z RN
L7ZREIC B W T a2 b — L bR
T 4 vy a ETORMBOENALEZ R,
W AE R SIS AL DR IEE IS B L 2B D e o
7= (W6a), £/o, 74 v = ETEELIT
STBEMIZIIE Rex v O VoRE
HE2BDIR-T- (M6 b),

K6 KBEIZT vl 1EETOEMRAEMHL
EEEE5 R,

convol  myarogen-ien
mediom "

(6) BBfLA ML AFFETIZBWNTEH, KFE
X RIS A 5 2 720,

E 51T, KFEDO M OTEMEAL~D R A ]
NRADIT, BRI L AMA 1T X AR b A
b U AFHEAZFTUN, W RIS K OUKERSN
B coEMmoOBE 2B Lz, KEKE
INEE Iz BV T H B2Me oG Lo Rz
EALIZR BN do7- (K 7a), AMA I2X5
b A P L AFBEFICBNT, A—/3—FF
VR =F v D~—H—Tdh 5 MitoSOX B
OHPIEEIMZ R LI DD, B RurfijL
T I INVEEEREERD e o 72 (K 7h, ),

M7 BRAERNLRAFETFISHENTE, KFEZE
EEHEICEEEEZ G0

collagentat o SVA

(@ oo

(b)

()

(7) F&o



ZHE THL 2 OB LIE D E & T hss #E
(LI ZD RAZ DN T OHE TR S35 23,
IEHEBEOFTH, E X LT VLD
TENCE R LEGRUIA LR, Fx D
vitro EEBROFER, KFEOHRIIC LY ITHIE
ICBEWTE Rexi T IhLoELIE
MR SE D A BLEE LT, Zhbid,
FFfaicsiF 2 Rafxo v o hroa
¥ b — UL & B I B B Al
REMEZ RIET 5,

o 3R EET L TH D CCl4 & TAA
T LT DK E O FF AR HE L B 2h R & o
Lz lbic, BEMREEET L THD
BDL ET A CRIZNLOMEBA SN
LH LT, BDL EF A TiE, BE Rexil
T NNBIFIBRNICELE SN & D
b, KFEOFFIRAAE LEI R IT e Re %o
VTN EEE L TWD D L DEELEDE
25,

T E T, IEMERZENATIEN O F7- D BHERE
AL OVEMEACICEREEET 2 L 0o @ED
RO, KBIZBWTIXEM~DEBE
DOHBIF R SN2 o T,

AHFTEIL K TN K D RFRRAHEAL 90 2 3R % GiE
B L7-DH7e bd M FEEERIC B
TEMEBEOFTTHLE R LI UL
ORF-THENZREZRICBWTERED
mRERAMEONEbLDOEEZD

5. TP
(WFFeEAE . WHIEo 8 o O H#ERTIE3 12
ES )

Essam ) (B30 )
(1) Koyama Y, Taura K, Hatano E, Uemoto

S (1A 2% H, JIEFEH) Effects of
Oral Intake of Hydrogen Water on Liver
Fibrogenesis in Mice. Hepatology
Research, #&#¢A, epub, 2013

DOI: 10.1111/hepr. 12165

(2) Ishii T, Hatano E, Taura K, Uemoto S
(8 AH13% H)Sorafenib in a
hepatocellular carcinoma patient
with end-stage renal failure: A
pharmacokinetic study Hepatology
Research, ##if, epub, 2013

DOT: 10.1111/hepr. 12156.

(3) Brenner DA, Kisseleva T, Scholten D,
Taura K (11 AH11% H) Origin of
myofibroblasts in liver fibrosis
Fibrogenesis. Tissue Repair, &#FiA,
Epub, 2012.

DOI: 10.1186/1755-1536-5-S1-S17

(4) Yamanaka K, Hatano E, Taura K, Uemoto
S (14 AH13% H) Effect of olprinone
on liver microstructure in rat
partial liver transplantation. J Surg
Res, #mtfH, Epub, 2012.

DOT: pii: S0022-4804(12)01907-5.

(5) Nakamura K, Hatano E, Taura K, Uemoto
S QAF8%FH) Sorafenib attenuates
monocrotaline—induced sinusoidal
obstruction syndrome in rats through
suppression of JNK and MMP-9. J
Hepatol, &Fif, 57%&, 2012,
1037-1043.

DOI: 10.1016/]j. jhep. 2012.07. 004.

(6) Yamamoto K, Yamanaka K, Taura K,
Fukushima M (11 AH6Z& H) An
eClinical trial system for cancer
that integrates with clinical
pathways and electronic medical
records. Clin Trials, ##HA, 9%,
2012, 408-417

DOI: 10.1177/1740774512445912

(7) Iwaisako K, Haimerl M, Taura K,
Schnabl B (12 AH4%% H) Protection
from liver fibrosis by a peroxisome
proliferator—activated receptor §
agonist. PNAS, #&Hifr, 109%, 2012,
1369-1976.

DOI: 10.1073/pnas. 1202464109.

(8) Yamanaka K, Hatano E, Taura K, Uemoto
S (11 A®H7#%H) Early evaluation of
transcatheter arterial
chemoembolization-refractory
hepatocellular carcinoma. J
Gastroenterol, #atf, 473, 2012,
343-346.

DOI: 10.1007/s00535-011-0511-x.

(9) Kitamura K, Hatano E, Taura K, Uemoto
S (10 AH'8% H) Preoperative FDG-PET
predicts recurrence patterns in
hepatocellular carcinoma. Ann Surg
Oncol, #HifA, 2011, 156-162.

DOI: 10.1245/s10434-011-1990-y

(10) Yanagida A, Iwaisako K, Taura K,
Kinoshita M (10 AH4%& H)
Downregulation of the Wnt antagonist
Dkk2 links the loss of Sept4 and
myofibroblastic transformation of
hepatic stellate cells. Biochim
Biophys Acta, ##Hif, 2011,
1403-1411.

DOI: 10.1016/j.bbadis. 2011. 06. 015.

(11) Brenner DA, Seki E, Taura K,
Kodama Y (12 AH'3% H) Non—-alcoholic



steatohepatitis—induced fibrosis:
Toll-1like receptors, reactive oxygen
species and Jun N-terminal kinase
Hepatolo Res, #atfy, 2011, 683-686.

DOI:

10. 1111/j. 1872-034X. 2011. 00814. x.

(12) Kitamura K, Hatano E, Taura K,
Uemoto S (12 AH19% H) Proliferative
activity in hepatocellular carcinoma
is closely correlated with glucose
metabolism but not angiogenesis. J
Hepatol, #&Hif, 55%&, 2011,
846—-857.

DOI: 10.1016/j. jhep. 2011.01. 038.

(13) Yamanaka K, Hatano E, Taura K,
Uemoto S (12 ANH43%& H) Comparative
study of cisplatin and epirubicin in
transcatheter arterial
chemoembolization for hepatocellular
carcinoma. Hepatol Res, #iefi, 41
%, 2011, 303-309.

DOI:

10. 1111/j. 1872-034X. 2010. 00770. x.

(14) Yamanaka K, Hatano E, Taura K,
Uemoto S (10 ANH'8%F H) Olprinone
attenuates excessive shear stress
through up—regulation of endothelial
nitric oxide synthase in a rat
excessive hepatectomy model. Liver
Transpl, #&FiA, 1774, 2011, 60-69.
DOI: 10.1002/1t.22189.

(15) Kanai M, Yoshimura K, Taura K,
Hatano E (23 AFH11&H) A
multi-institution phase II study of
gemcitabine/S-1 combination
chemotherapy for patients with
advanced biliary tract cancer. Cancer
Chemothera Pharmacol, @i hf, 674,
2011, 1429-1434.

DOI: 10.1007/s00280-010-1443-5

(16) Kitamura K, Hatano E, Taura K,
Uemoto S (I3 AH7% H) Prognostic
value of (18)F-fluorodeoxyglucose
positron emission tomography in
patients with extrahepatic bile duct
cancer. J hepatobiliary Pancreat Sci,
AEeA, 18%, 2011, 39-46.

DOI: 10.1007/s00534-010-0293-1.

(17) W B, B EP L, TR
57, EXRfmZ 6AT1EH) [1Hbassh
BHEZ - T < N & A F]
FFRE S L5t 5 T K ERIR A OF OB - -

W e/ ) T, A, 675,
2013, 297-302

http://www. kanehara-shuppan. co. jp/j

ournal/guide. html

(18) fHEPEE IR HEE
Bl AR (6 AH3FE) [HEITIE
it (Stage 111, 1V) GIEr#E KA 17610
O ATIRE T E] T IREE O R#A
TR B 5 TR 1 DT 72 & NTH
FIEFN KT 210 78 O et (R 35 i
SC/FEE) FEORRIR, AR, 59%,
2013, 33-37.

http://www. shinoharashinsha. co. jp/

(19) HVREE B 2B A
H OEARMT WAFIEE) [FFIREES
BRifficBiIsyIalt—varvkr
v 4 —3 3] 3D CT angiography &
cholangiography®fusion[@{&iZ L %A
BT 7 =2 7 (fRH/ ), L
i, A, 34%%, 2013, 81-85
http://www. igakutosho. co. jp/

(20) WL e MR HEEE
AR (6 A4 H) [T o xt
T HIREOBUR & (L] JHFEIREEA
(B RIRIC L 0 UIBRFTHE & 72 o 7o i
AREAR BE 2 1 5 UIBRASRELET T MBI
(B FF5E), THIbERNRL, &HEME, 55
2%, 2012, 656-661.
http://www. kahyo. com/

(21) Wi MR HEiEE
AR GAF4ER) [Tl o<
~RC2012] VREEOMES S EEITE
DIVEHERE R/ Fefe)  H-H-PE, &
FEiE, 6574, 1211-1217.
http://www. arcmedium. co. jp/

(22) WL e MR HEiEE
EARM T (LOATTEE) [HFRIEEE
PRO My 7 X FFRBE RIS T
LPET/CTOE 25 (fiRF/Frde) H ATHIL
R, APl 109%, 2012,
1878-1884.
http://mol. medicalonline. jp/library

/journal/download?GoodsID=ck8syokb/
2012/010911/003&name=1878-1884 j&Use

rID=130. 54. 130. 240&base=jamas_pdf
(23) INEEE B EPNEE WIEEE

B BT (OAH3EH)  HEITHT

AR (S O T R E RIS A2 | Y ARAE S

FRIZXT T 2 I BB OB 200, PN,

HFEA, 53X, 2012, 486-493.

DOT: 10.2957/kanzo. 53. 486



(24) SR LB HEE
Bl OEARM T (LLAF4%H) [IHFEE
Tay h7A4 ] EE#E  GEM/S-1

OFRIRIEC X D UIFRRRENHE 3 O 1R

BAE, JH - H - BE, AP, 6474, 2012,

599-605.

http://mol. medicalonline. jp/library
/journal/download?GoodsID=aolktsud/
2012/006404/020&name=0599-0605 j&Use

rID=130. 54. 130. 240&base=jamas_pdf
(25) % 25 B 13 81 ﬁﬁ%% Bﬁ%i
M EARMZ[FRB RIS LTE

L] AR RE ﬁ%ﬁ%ﬂ%m,
ShBE, AFEEE, 743, 2012, 12-15.
http://www. nankodo. co. jp/

(26) BLEE SfTE HEE
B EARMT (14ANH10%E) [HF &
DHEHETH—H - TR NREHEH O
9 I AE =AW S N K4S S 7))
HHE R OO K I N R, SMEL
AHIME 734, 2011, 1437-1442.

http://www. nankodo. co. jp/

(27) et B2 BP0l IR —
B AR (BAH43F B) MHER I xt
?éﬁ¢%ﬂ%@ﬁhw®ﬁd HA
HIbaA B MRS, &oifh, 2011,
803-808.

DOI: 10.5833/jjgs. 44. 803

(28) WL Bl hbsEvE HE R

M bEARMZ GAH4EH) [ TRER
b bIEEE RET] AR
1<j<a%WRVﬂH$JP$£%Ef#i)H?ﬁ;O)#Aﬁ§ji

&, ERRSMVEE, AHIEE, 664, 2011,
1201-1207.

http://www. igaku—shoin. co. jp/journa

1Detail. do? journal=32347
(29) HHIR R B BB 2t
KES B (BAH1IER)
[Incidental Gallbladder Cancer] &
FENRFERE 63 B HEMESE T AR ZE R Al
B — NEBOLFRFE ORRES, &M, &
SeE, 32%, 2011, 425-429.

http://mol. medicalonline. jp/library
/journal/download?GoodsID=aa6tnsid/
2011/003205/013&name=0425-0429 j&Use

rID=130. 54. 130. 240&base=jamas_pdf

(30) THIHEE B /NEVESL B
GBAFIFER) X & w2k

update] WS IrT2H LT O RS

FEE & ERRICH RO - DX

SR, FPIREEEfR, AN, 13%,
2011, 456-460.

http://www. igakutosho. co. jp/
6. WFIERHAK
(1) Mg
M FE B (TAURA KOJIRO)
HERRF: - EEIETERE - B
ot 80378629



