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[Abstract ]

medical field, hydrogen gas was originally discovered to show the antitumor effect, thereafter hydrogen has shown therapeutic potential

As a novel gaseous signal molecule , hydrogen gas exhibits selective antioxidant effect and anti-inflammatory effect. In the

in more than 100 diseases, including ischemic stroke. Today, the high incidence and mortality of tumor, as well as the lack of effective
means of cure of tumor, have imposed a heavy burden on the medical expenditure. Therefore, how to realize tumor prevention and
prolongation of survival appears to be of greater importance , and hydrogen gas is expected to play an important role in this field. In this
paper, a review of the research progress of hydrogen antitumor is presented , which contains the antitumor mechanism, synergistic and
attenuated effects, combined therapy, clinical research, and hydrogen administration methods.

[Key words] hydrogen; hydrogen medicine ; hydrogen therapy ; tumor; antioxidation

[J Nanjing Med Univ,2022,42(03) :421-430]

. B (ONOO ) & o ANl F— By UAAE =707 (A

NO.CO H,S %) SV BA TR W A= 22 2tk
SR THRE/NUES T AR 5 — BTSRRI FE s HA RIS, 1E Ik RO
ERAAME SSRGS R g BR . TAFR AR SO RTINS B 2 U
e RGBT SO W R 1 IR STk e PRI B AR, v TR SR R 2 B
WA COVID-19 i BUEARMG T A AT 7 T 58, /R R Z R, W EHEIEY] T2 TR N 22 4

oy

B ARAL R I b TR AR, SAEA NI
PE BN R 2 — MR PR PED TR BE RS A 2K R 41
APETEYEE Y BT 2 H 5L (- OH) Al S0 A AR AR
[(E€mB] VLA m R H AR S 54T H (20K)B
430045) ; TLIRAE A SRR 54 4F 0 H (BK20210532) 52020
AEVT A WA -3 4

S {51E# (Corresponding author) , E-mail: gxzhou@njmu.edu.cn

Mo L b AR CAREE s
19754, J& [# DL K249 Dole 2575 (Science)
FEUARIE TR BESAE KA N B
AR BAMRIROR . LI s A (8K
KL 97.5% AR, 2.5% KA <) 14 dREREE B )
B TR e 1 ot AR . SRS T 20 S
IS FMELL B, & 1978 4F Roberts 45 °'7E 5 FhaL



<422 - [ S N

426430
20224F3 A

PRI LA U 9/ BURBERY B 9EA T T 2R BRI AITE,
{ERFFF] S Dole F “ WFFE MR BIHAI AR . 1T
PRZEAIFSE /N BUMRE R AN 57 O ], HLi
A B A A FH A UESE , DR IHCRE SRS 45 i AN I
2007 4F, HARBERIK:1 Ohsawa 25 "FE{Nature Med-
icine) FARIEMA 2% 1) Z R B L - F AT A
ST, AU R AR R B, FR P S
SR A H - OH) BTE BRA %, I IESE SR
A EFEEYU AR T, BEMS 1 S L M 3 Bk - OH
ONOO™ 55 A F 1 5 S Ak 1% 1 P S8 W) T (reactive
oxygen species, ROS) , {H JC 7% ¥ R 8 % A W 2
(0, +), —% LA A HAEE(NO - ) Flid b & (H,0,) 55
HEFF IR H A B STl 19 ROS . e AL B
Y B SR A Y RSB BE T JE6l . BR T XS
AL PP BT BRYR T, R TSI ] U
18 MBI T E IR R g AR
T AR ZER AT PEBO A , S TR 1Rty
RAERREFE

2 ESHMERERFITLE

SIS S IRg 1) AR R R SR B DTAROG
ROS IR DNA | H BRI 4 i R AR Jo , 2 5 B2 i
I . TR RS AR SR TR
i Ieg e A D T AR B SR R RRCR o T sh W A
UESE A o3 1 1T DA 35 B AR & AR 56, 4 /N i og
AT E S TR VAT € =R AN U N S =2 W §
0] LA IR AL = 2128 (Ferric nitrilotriacetate
Fe-NTA ) 55 1 Wistar K U 40 i 98 19 & A4 3, JF
REM I BUMRE A AR o | KA E I T
FIFE L 28118 4R A F2 7 A1 . g 40 L 1 2R 4 T EL 30 fof 1.
B W 2 4 K AT (vascular endothelial growth factor,
VEGF) ik A7 5 1% 3 5 7 55 300G K+ 3 (signal
transduction and transcription activator 3, STAT3) ik
FRALIK - R FE A A% BT (proliferating cell nuclear
antigen, PCNA) B9 & 15 52 2l H il . %' 5 KW
Frajese 55" & ¥ 4 HEL Ak 7K Ak 330 PT 7% 5 L 8 4
Al (A MCF-7 .MDA-MB-453 4fi ffd 1 5L TUBO 4t il ) ()
PR AR R AR K R 732 12 (ExbB2/neu) (1 3R
K, IR A B M S 0 5 O (ERK1/2) AR L
B BOAKT) 19BERR 1L , H & S K i94E AN 32 ps3
P9 BE R L B 3 2% 3Z K (estrogen receptor, ER) 2%
% & 5Z 1K (progesterone receptor, PR) MR 25 B 52 1 .
LU TEFEIEHL S ROS SO, W 1 4 174 2 5 (445
B3, 3 T RE 0 ] b IRg AR OC A5 5 3 i 1) S IS AL fil

LB T 4 1M AR o S S R DX RE A N B B
R, AT i Ie 1)t R Je e

g6 2 2R S i A 0 R 0 i A T 4R Ak
MR, B KT ROS AT AR B g ) 34 i
etz 28. DAL, AR e oed 4 2 ) S A s D i
A Bk e AR R R B — B SR g . HAR SR
Nishikawa 557 ] H] & 8140 K UKL CRLAE 29 2 nm) ()
W EUKHE T T RS, KBS FHEUK A il 1k
P50/ UV G T 24 40 8 PR 2 A 5 [) g ik e
B AR AKX AT 41 HSC-4 N\ B4 98 40 i
KYSE70 . A4k 1 15 40 g HL60 FIA B Ji i
TR NUGC-4 AT A3 = ik 1 40
JUT-TCREMA , AT GE -5 b 240 B X RS AR 09 R S 1 Y
TR G, RO e IR AR BRI T =K 1
AR I L A 3858 T /K6 DPPH H H R Ryl 4R
T, SR PN Y ROS 7K F- EIRN B s 1, 150 B Jie
PRBATE AL e 1Y K RE % 5 5 i e 4 S AL 3de it 2k
[ TR

O R IR T T T, WAL BE R A =
B ok T AE T R T RIS 1558 T AR
ZIN AR L J s 1 4 P O AR A SRS 3R (TR B A
20%%] 60% ) AT it it fififaE A549 Al NCI-H1975 ZH i 1)
T, HAE A X B T 8 1 (X-link inhibitor
of apoptosi protein, XIAP) FFIRI% 7E [AP H &2 J¥ 51 3
(BIRC3) AR AR ik (60% ) iy ik i)
1 I p21 | caspase7 . caspase9 £ [ 75 i i A549 2 fifd
PR L2 A549 IR R A PR IA Y LT, LU A
JE 1 8 1A g il 4 (cyclin dependent kinase 4,
CDK4) iAW TR . Wang S5 BT E LA A
BRI L8 15 e (AR BE SR AT G, T ImT LA
M A549 F1H1975 20 rp G (LR S5 K 4k 45 2 11 3
(chromosome structure maintenance protein 3, SMC3)
FEIN R H B FRIA , TS A A Y . AR
B PR3 AT L 300 1 9 2H 21 KG-67 BT RS
fiF-2(COX-2) \VEGF iRIL"™ . Ye S L L&A
FRL iR K T 3 o AT T A8 R S 508 5 O (extracellu-
lar signal regulated kinase , ERK) i&4b T I8 A549 2l iy
T VEGF JEIN i S B F R IR . Bbah, | nTd
X STAT3/Bel2 38 i 17 A 14 410 1] £k 2E i 93 248 e A
ToEH e, ELAE B ) gk — 2 4 5 i e 20 i A
T SRV IRRERSE L I CDA7/CDCA2 18
% AT RS 410 80 e A, AT BR B R CDAT v R 3k i
T EE I —MAA RO T B, LR ER
THYT ISR AL TR | O R BT ROA T 1A A



A2 EH 3
202243 A

JE s, S PE s ],
B ERR A (HARBRERR ), 2022,42(03 ) :421-430 < 423 -

BB S A a Tl 1] 7 Nl R R E R N ST T NG
NS BB 25, 1 B DR TE 24 ™
JE g S50 i P EUK AR MBS 330k F 1S Bl Y
JEARE e A A, 435 SR s A IRA N 45 i o
AR A A PR A, AR AR MR o
e Dukes 43395 J5L4 €98 40 M2 7598 P0G 3
SO, TRBRAEDY R I K T LA R A
45 H 9 SW4B0 4t it 968 BT g = 4, 5 28 Kt
AR T MR AR R L X B W AR /N, Liu 52
HEAT BRI BIFSE , F 8L T C6 DR A7 i JoJe A 7R U ST
F TR, e /N B R ARG IR 67% 4 (
Y1 h) AT B R R i A K I K . AT R
74 CD133 Fl Nestin (ZH AL T PEARICH)) (Ki67 (40
AFRIEY)) A CD34 (IS A= AR e ) 25k, [l s
1 GFAP (s b bric ¥ iy ik . SR
T R AR M A AR AN B ER BE T, DA BT RS IR B
SR TE AR T, Uk BH ST 38 A AR J5T 98 4 1)
FHEMER . BFIEE & B SRS 35 10 n] FEAR AT
FEANM Huh7 (0910, 35 FM4n i b e 22 g & m )
Tk, WA TR AR AL TR . 2 1ERT
AR BT LA AT A 1) MR Ak i
] M2 #R Ak, S A i LR A A R T X BN
JiE e A 9T & L A 53 T3 3 ROS/NLRP3/caspase- 1/
GSDMD i 75 2 MR A £E T, B UK G FR e A+
B N TS 41 it (AN3CA HEC1A 1 Ishikawa 4 if)
ROS JZ KA ROS(mtROS) 7K 44 75
ARS 54 g i L UE SR & P AL
W, BRI A BRI I8 N REAR - Hb i e <Y
UL, A2 T ARG E AR IR e
WFFE DT S A& A AR TE T B 2 A I RAICR ™, an
et R CHUR M IS & LI 7E T4EE & C
H B9 A bR T SR oK i A A A
JEA A R CHUE IS, Rk, & RIRYT
Jigeg (b S A AL A AN 8 50 A PUE PT RE A
EHAD AR , EEFR R, A RS 5
O, T LS e B ] 0T 2 A8 R ) 3 P 1T R
A YU R AR R B . RSN R
JREE R IE K BLUE S R 2R (UG 2R TR,
W R ARG D . SRR T A H LA
FRAE R A1, 38 A 38 3 8 7 BT R AL 28 A 4R VE T,
A REE L IR A Fe BeZ AR FeeRI(IgE 5
RN T2 AR ) AH 5 N A 5C 2K 11 1 22 R I (Lyn)
W 2 1k A1 R Ui 5 5 % 2 40 1 (ERK1/2, INK p38
MAPK F1 Akt) T ALK 4 NADPH A ALBERE P,

T80 HL0, 19 A2 B, i AE B3 3R ROS™ . Ostojic
FURIE R R E DA 4R T R TR T 2R A e
AR, Horr YUk i 0 HAZ 1A GHS-R 1o f 2L (1Y
W, AT L i TR AL A A (in-
ducible nitric oxide synthase, iNOS) 7§ £ 1 il
RAW264 B W2 il NO 55 40 TR E . AR
L BEME A T B-1E M 11 (B-catenin ) R 1L AT
M0 ] Wnt/B-catenin {5 538 B 19 TG 6o 5o
MIBFIE &I S REE T R B A 1, gl 2 A
F FI 3 it 4 )& & F B (matrix metalloproteinase,
MMP) -9 1 35 FEAR ', &0t w] FE IR MMP-3 Al
MMP-13 [ 2351, 11 4 J 2 1 T 285 B A fige 40 e o1
BT, AEA R A B A RS R R R &
HEETNEM . 5Ol S5 8 kA e R
AR LRAAR S A 1 | 2 IR R BRI I A BRAR 1 4R
FRHREEAE N B L DB, 3 U AR BRAE FE AT
RS 22 5 1 TR 2A RN L R . BRAh, &R
A 38 2 18 T R e e IR S X B PR . 2014 4F—
2017 4F- 1 TAE H A AT B9 A 55 61 IV HH 25 g 9 2
W m R, A 8 452 XELOX (CapeOX)
O Ay BAE S AW S LA H S 3 h, X R I
WP Y CDS T 41 i Y PD-1 k15 Bl 5 Tk R AR 77
WAL A AR B A M E A 0T, R B A SR
WaAR 45 W9 S5 TR PN PD-1"/C D8 XUSH P T 20 i 1 L
B, i B TS HEM AT AR R M RS T
{5593 T PGC-1ou, FETT 13 T 40 i b 2R A (g I i
VEF , e BOFEIR 1 CDS T 40 4% . TRl
A AR S SR QLo K P s A G 5
Rl 2 S0 Tk AGORLR N Z R E . LA
AR R S ST HE R A B e R A R PR
F L BR T B PR STEALVE T, A AT REAE Ry —Fb
LT NO" ARG 550 T L HAE R A LA St
iR B ML T — R AT o

3 SSRTHNTERRS

HET, TR AT FROT7 AR M0y 1
BB HRAR ST 5 R A ™ R R RN [R)#T
SR TR . B THUE LI SRm , 70 E B AT
i ik A7 HEA T G ROREE I DAL . Qian SR
AR TR A AR B R, AT
L B R S S HIEC I b S A T, 35 AHH-1
NI JEL B bk T 44 P R B S A FRIK Y, G2 A
SR RS 1) A0 LR /N R FE R TR T
RE LRI ARSI 55 7 04 41 L 5 32 88 SR 0 3 AR I



- 424 - [ S N

426430
20224F3 A

W53 K B et BALB/e /)N SIS i 7 5 o &4
FHER KT, AT A0 ) s S35 S 1 M R A L0 Y R
FAER P Zhang 55 & B E S BOM N IE K
A Ak 2 Bz A 5 4R M0 HaCaT S KBRSk 200350 1 R A
SHRA IR A BB R AL S A T
A B F RS RR A G, SR REZE I
7 AR R SRR S A0 , XE R LO2 4 AN BRUFF
HEEA B4 7 I s A8 HepG2 A0 2R K TG
PR T, 5 RE I T o8 CD36 £ 1 1 2% 3k 3 i1
HepG2 20 L v i A 1D w5 4R 20 a8 UK 5 AL B m]
DA% 4 Gy X k4> B BRI CS7BL/6 /N B - BE
7 Terasaki %5 38 155 2 g A1 /)N BUSE 56iE BH K H
& KRG 3% A WAL AT LAXTH 2t il 5 it
P, 0 H X2 EF et Y7k . H AR itk 1T
T VISR T R R T A B AT, 7E 2015 4F
—20164F[AFEG4 A T 26 141 e S8, e BRI
(5K 0.5 h) RE 3 BGE RR 0T 5 |k 1Y 5 sEdi 4
HXHCT 97 BO8 AT 7, D25 8% K 2% 1 Kang
SELOUT J Y XU Bt ATLGT REI R 48 55 T 2006 4
] 1) 49 191 [ 28 5, 30T IS 4552 6 JR Y S K 45
N EDRBFH B R Z IR FUK R 1.5~2.0 L, 45
STIOT 5 S KT ZH B A A 3 T VT 2 A
R0 T REASIE AL /5 A8 ST 2 A SR 20 L, ] B o)
o e ] R 2L 4 ) T A A A 5, B LA
YEFIBLH A , T4 Bl 7 e e 2041 4 1 14 300
BEAEH, R 2SO A BG T T B A L4
P T S A

FE 983 AL J7 5 1T, Nakashima 25" 2% 28 1 40
IBIT TGN 192 S CREA 5255 J5 35 ) X% S-180 /N Ei
AR 44 RELRS A 1) i /N BROAS RSB I 22 i TR 0,
PR A SRR /N A %, B S 80 A
WA AR 2 R A B S i . 0T BB S B0 UE B H A
SR AT IR B AR LA RCR . KR X B 25 2 5]
YO JIEBEE A 2R A, 42252 BT 22 Ak 1R K B
KNG EST 10 mL/kg 7 5 B9 & A A BRER K
LA 5 M AR s i KR L2 L F
W 1 BH AR, 4 SE L ] NF-kB/IL-6 &
JiE 18 6, B9 TG AL caspase-8 A 234 Fll Bel-2/Bax fY)
LA, DT 22 ik 2o O R0 JH I 2 288 1) 20 B o T
Fan 58 MgB. 44 K Fr il B 1 R0, FH /N BRUEAZ
i B R 2R AT A SIRSIRYT , AT A RO AR B
BEMOIEEM ., 5 AR 45 76 40 i
JHT, 55 5- 90 R g E I FH AT LA B ol 384588 )5 25 A0
JEROR, HR SOK R B S , D RIRICR B ., X

Y& FHAE Colon 26 2 it 8 AR AR A5 B 56 UE' S, &
I 45 7 B AN A AR K AT AT R 1 R
PR A 775 K R BN S0 . 28 LS e 2010 4F—
2016 4F 1 I35 K 144 545 By 285 (R BEALX R A
IR EE R IR & EUK 4L 5 mFOLFOX6 FrifEfk
7 BB TEIRYT G D RE A B ARk, T a5
Xof R ) 3 TR PG Ul | et S R ) 422 D41 25K
SERREH T UER - AR A TR AR o AT
PRPPEIY . R BB T BRI TR 1 d BRI R
(94 d BRI 1 L(4x250 mL) & 20K, M piassss
e 2013—2014 4F 7] 1Y 80 1 0544 fifrygs £ 4 R4 T 1)
RGNE RS HT B, 785 B T S6m IR & &
IKAT LA A ALY I BB B BE A, B0
[ B RS iRe A PR VR e AT s 5 R R
AE FREIEM . Yao ZE 1 1 TAFSE % PR SR Al /K
A3 4 v P-WE AR R 2 24 T 2 M G B -2 I R
TR, Y X SRR B i SN HEVE 3R 3
Fif T RO o T TR TR it 0 ) ) S ) 25 P e R
/N R TSR B T TR AR X S R T R
WA AR R RN =4, s e e nl ge S 80™ =i
SPE RSP R | Terasaki 55738 3 /)y FRSE 56 & B
B AUKRE R AE R E AR R . Chen 57
PN AR5 o % B AU RE A A58 i 1 R /N 4
it fili 95 £ 25 MR RO o AE AR A g
BEHINAY T )T , Chen % 7 R T4 L B A
() ESIRYT 2201, S U 0 g R A 3 o
WA . EFARIGYT I, A [ AR SE X 110 i i
s B Ml R AR YA R AR B 98 R B, RETIRA 1 h &
ST REARA G IR I A e B & A o LA SRR IR
WIS , &S AE MR A PSSO 5y LA
PR, S AR T O i A ARG i e i, 7
e A P et

4 EEBARIT

A2 S ER I, R T T & BT
IRCR AT RE S Z B, B T % 5 15, 75 2 ol 5k
BRYT B 7 AR I S AAE IR TR T S ) A
B Wk S35 PIBK A LY294002 B HH AT LI
ST AS49 AU AHIE] T AR SR B R S AR A
T P RHE A PR MgB 4K R, JLAE B R
PR PEFREE T SR Rk ) A RE LRV T 15 5
AN , 5497 25 Bl 85 25 7= AR B IRIAE L W5 iR
7RO, LB RE 2E 00 IR B gt 75 314 0 2%
i, AR SE LT R0 A RO . M, FEAR



A2 EH 3
202243 A

JE s, S PE s ],
B ERR A (HARBRERR ), 2022,42(03 ) :421-430 < 425 -

MRS T, — P S S B I AU RE S
BT 25 BB R , X R o iR R A 3 shiz sh g
A 20 ML PN ST 7 A SR R BT R 3R A T AR B
Th2.4 4%, BRRSE/IN R FLIR I 4T 4007 3Tk
AL ™ U, R FH AR BHR Bk 1) 3255 285 F5 1 25 i
JifeE AR A E 11, 660 nm IO IR B 76 Fifad 41 it
A JEAN A U W AR S R R R R YT
A, AT i R R ALY RCR T AR FALEIAT 5T & B
S REAM R LR T BE | BHLAS ATP & 5L, 1155 P-F
HEAAMERTIRE , A4 TT 259 3 v il i xfE DL HE
o SEHLBE D ) S AL R FIVAYT o R AR SRR
B SRR B 48 K R (PAH,.,) RS R A
HLHELL PR (PAHMOF ) FH T8 i & -G HB YT,
RIS IGRYT , REGSR BT SICR , LIS PE S RSP LA
968 210 M 1) AR P DT A, A R A0 ) R AR ™
Zhang 5"/ FH] 22 T e 28 28 0 e S BRI 1 (]
Je 3 R R T A AR R T R 3 7 1) Ak
RS, A R TR RAE , B ZAE T b 2E K
) [ R385 BT 36 3 o Xz i e 98 R 4 . e
EF AR R, — R N SRR
B PMETAYT RIS , BESE A AT 214 K AR )
AR5l SR8 148 R T T U
PR, S/ BRI S a6y . R A —F
B AIRIT 5 IRIT R ENA] BB T A A
PEATHRITRCR R 25 R AE PCN-224 24 K48
MR G R T EHE—LIUE™ . GORAEE R
SRR, TNk MOF 1 ) PDTIGY7 G EGH , 506
Y7 F1 PDT B[R VE FH B4 Ji PR ] 6 2 PR kg & A
IRT Fifoge 1) S Ak ST, Sl 1 23R Y7 IR T 3%
FUASTAT o Zhao 5538 F FH—F Z TR B 49K
PEALF AT IR A &, S T AR - AR
T o ZEABLHL, Wu S5 FH —Ffe 5 = bt S8
TESIRIT YT ENEWER . FEIGIR S, T
A RBHCE MR BB B T RE I A5 PD-1 4L
RIBEA A FH R A P 88 5 G RE VAT I R AR | A
K ERE AR AR TR ARG PR S By, &0 A fA
24 TR H 5 30 140 T BaBe 4 i 1]
REIS S LIS AR . HArE A BA M £
DIREIRYT T 2 B AR 7= A g}, sl g T 24
O F B AR H B RENSTE G R SRR A 1
TR BECES, R AR 5 LA DUARHIE S 3R
STt T . ARG AT, Bt
AL A S R A BB R L RIE A, 45 54
LT ey 200 ) AR P T RS R B o el 2 K

e P, ORISRt T BT L
5 ESARFRNAEHR

AEFER R, CAMETRA TN EE
ALHEIP IR & SR A AR EHE HIR SIS . W)
AT BRI BB [ A 7 BER R, <
IR R AL BIFEA R E , A DA E5ARRE
O EHR SN R RS 2 L A RIS
S AWA P EVLRR A B R A =R
TEAR P56 H S A B AN R 3 4% 117 1 K
PRBR, WA LB E A fapa b . B UK
W PEA (0.8 mmol/L) , ATV AF , AR 7t 45 245
XoF A WA PR X A RS e R S X DA TE . I
Hb 8 S KRR A R A E B A R TN o
Hi 2K il &k 2, A= il &
FOKBZ G — W AR, A7 s K R Ty
A B R AR BT B A Sk, A
AR IK 2 2 E R (Celsior) %™, A7 3
b HL K AT B S SRR K, SO S
BE 5K R AR AR SOV A & EOK A X SRR iR
B ZUKBRE A Z 550, 16T R LR
B R AR A S A R B A TR LA TE 2
5L AT BE SR MR TT AR o X T HARE , e A S
SRR & K0 T W 22 290 95 95 i S 1 1 95 05
TG B A I , AELAIXE LA e Al g A S A 4
o AV R YT 752K o Yamamoto 55 HF5Y T
3%E WA SD KEUAN A EY 010, LI
Iy SR B e e, AV B A B 29 mmol/LL, {H H R
F ik, M AL S IR B = IR A . AR
IR SR A MR (R B R SRR i S A
T A B, SR ST b W R RO
RS, IR T REAE T m v FEu AT, DA
g

T Ao 0 K 2 2 A 2R 0T DU R R AR ARy
FRRoE k2% VBRIV R AR A R S SUARTEIR Y
AR, T SRR T Y ZH 2R S M R e AL
PERT R o FESCARIEIGITY 7 iH , R T S A S = A
P, TR AR A SN BTRERCR , S8 9K LR A
SCLE MR AR B P E A T — MR B
I E AR A AR ) RO % R ST
I I A 77 5 3 ek R oK R R T AR o =
Bt TEMRR PO EE N 2 B & ™ 5 kgl
KSR AT DATE g i R B 0T R A ROW BT
T g 2 AW A AR R A S



- 426 - [ S N

426430
20224F3 A

TESIRT . BT IME R E 2R
AWFSE ABJEIRYT I AR b BT A B S A B AR
FARZVAS A WL T AT T AR R A
P RAY AR HL A SO IR R T A R
LT I 7R RN s St TR R, U
Xof T R iR T A BRI L, BT AR
Wz L, AR R R R, Y
AR R 2 LA AT S RN RE S AR
AR, PR, A5 ONX R Tl B 5 Y Bl
JE AT YA B R AR S S T SRS MY
5%
bR 1R LB A S AR s 2K ik )
DL R S AN KA, T S, B At Sk
HpeR g Ah BB de I A A A R
IR T3 2% 2R A TR T A A Fh /KR IR
JFH 00 190 B e - 3 5 R P be 4 , BAs: 1
BAFROR . TER R, SUKIB I &A%
AT Wy —FhA R T-B ™, X AR R E
FRAL IR 1 L UR YT E A A . B S K RN
A B THRIERI T BRI &8
PR R rh s P A AR B TR R
B, Zan 55 {55 A B 22 BT IRE SCARMTRESE BB
B AR SE R ) b A, T R R
HA T, O QL PUMRRT B — R A A s A
TBro AT X 5 5 46 Ja AT 4 LA S B v Al B
SR IR T, 1 i SO HUIR AR R Cal-62
AR EHE A A SR B e — R TR U,
JWr 18 PRAR AR W g R P AR I AR B 12 L, RZHK
TE 118 A RIS T A S AL S R BE R R, 26
AR H A SRR EE AT IA 5~10 ppm ™, SIS S
5 (hydrogen breath test, HBT) M & NARIE: SR
SHREE , R S i Dy Re ) — Aok, Gl
TP RO B SO AR T B A IE A
ST HANE ESEA BRIP4
B A eV RE ) St TR A MM A T
WIRYST ZIEAFTET I | e 2t — e . b 15
H W 1E (A AR -R bl R0 2288 A58 ) e it
TR S B TR BRBIAYT , A Kajiya 5
NI A AN, U5 T B I AR B2 A RN )
SAEE A SR BAARITER L P E R AKX
TR X RPN N SE R . BT A &SRR
TAHAGIE , 35 PR A R, B2 A A FR L
SO TEIMR Y SR T U, IS )T A
%A,

6 IN %

I B S0 TR B R bR i 25 s 2 48 0 T
PRI AT i R O T, S0 &2 e PR A ROR S
B AR UE , BT AR IR YT 5 Al R
FEWIEAE) Z I, e [ A A B e H bR B AR T3
UL o BEAAH OGRS A 1Y R AR IEAL , LA K
AATEA BRI GBI SERA , S T
WFFEHT LAWIIREA . B, AT
52 AR MA YR BRI, HEE
R LR Al PR S 3R o — AR S IR, o
TP WA A AR TR AL . B PR PIL
HoE &AW —A 5T, o] BE A AV E 5
Ao HBTH A>T 50 B 5 R 5 38 g1 T
FEMAL T IRRE BB, SRR I UM b2
X REE IR A TR SR T 2D e o U, i
AU S PR 25 207 R TR EOR W2
PR TR SCRE A 3R o PRI, 0T e 1 2
FRMETE R & 1E I S kX R e AT 7
I6] , [7) if R PR SRR R AR . B2, &
SAEMIRE DA SIS A RIS ) ARG
(&% 30k ]
(1] T 55 B IR R S bR T il 58 A5 Bk B B P L i 2 45
AT REI 5 By 1705 5 (L RO 2. 2020
[2] GUAN W, WEI C, CHEN A, et al. Hydrogen/oxygen
mixed gas inhalation improves disease severity and dys-
pnea in patients with Coronavirus disease 2019 in a re-
cent multicenter, open - label clinical trial [J]. J Thorac
Dis,2020,12(6) : 3448-3452
[3] GUAN W,CHEN R,ZHONG N. Strategies for the preven-
tion and management of coronavirus disease 2019 [J].
Eur Respir J,2020,55(4) : 2000597
(4] BREOR,FE g6, X0 #R, 55, BrAk E00 HL0, FF B8O U
TR IR ER )] s ERR R 2 iR (A SR
Rl ,2012,32(11) : 1499-1504, 1526
[5] JF 20, XL, B/, 25wl S i E =K1
SRS KR AEREAL BB () ). st BE R R =24l (A
SRBLFERR) ,2013,33(9) : 1208-1213
(6] 46,2000, W, 5. Rl e A L4
PR I — A B AR T RO RASCR LSS [T ). g 5t
B2 (FARBRERRD ,2015,35(6) : 870-873
(7] A ANRIEMEEZ DA ET R RS %
A bR B At AR R S 6B 31633—2014[8 1. b
A ERE R A, 2015
[8] DOLE M, WILSON F R, FIFE W P. Hyperbaric hydrogen

therapy: a possible treatment for cancer [J]. Science,



A2 EH 3
202243 A

JE s, S PE s ],
B ERR A (HARBRERR ), 2022,42(03 ) :421-430

< 427 -

(9]

[10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

1975,190(4210) : 152154

ROBERTS B J, FIFE W P, CORBETT T H, et al. Re-
sponse of five established solid transplantable mouse tu-
mors and one mouse leukemia to hyperbaric hydrogen[]J].
Cancer Treat Rep, 1978, 62(7):1077-1079

OHSAWA I,ISHIKAWA M, TAKAHASHIK, et al. Hydro-
gen acts as a therapeutic antioxidant by selectively reduc-
ing cylotoxic oxygen radicals [J]. Nat Med, 2007,13(6) :
688-694

ICHIHARA M, SOBUE S, ITO M, et al. Beneficial biolo-
gical effects and the underlying mechanisms of molecular
hydrogen - comprehensive review of 321 original articles
[J]. Med Gas Res,2015,5:12

MATEI N, CAMARA R, ZHANG ] H. Emerging mecha-
nisms and novel applications of hydrogen gas therapy [J].
Med Gas Res,2018,8(3):98-102

KAWAI D, TAKAKI A,NAKATSUKA A, et al. Hydrogen
-rich water prevents progression of nonalcoholic steato-
hepatitis and accompanying hepatocarcinogenesis in mice
[J]. Hepatology,2012,56(3) :912-921

LIFY,ZHU S X, WANG Z P, et al. Consumption of hy-
drogen-rich water protects against ferric nitrilotriacetate -
induced nephrotoxicity and early tumor promotional
events in rats| J |. Food Chem Toxicol ,2013,61:248-254
FRAJESE G V, BENVENUTO M, MATTERA R, et al.
Electrochemically reduced water delays mammary tumors
growth in mice and inhibits breast cancer cells survival in
vitro [ J]. Evid Based Complementary Altern Med, 2018,
2018:4753507

FuK, 5k T, B & AR A I U
SERHLERE () ] EE,2017,37(11) : 1218-1223
NISHIKAWA R,TERUYA K,KATAKURA Y et al. Elec-
trolyzed reduced water supplemented with platinum
nanoparticles suppresses promotion of two-stage cell trans-
formation[J ]. Cytotechnology,2005,47(1/2/3) :97-105
SAITOH Y, KAWASAKI N, EGUCHI N, et al. Combined
treatment with dissolved hydrogen molecule and platinum
nanocolloid exerts carcinostatic/carcinocidal effects by in-
creasing hydrogen peroxide generation and cell death in
the human gastric cancer cell line NUGC-4[J]. Free Rad-
ic Res,2021,55(3):211-220

KATO S, SAITOH Y, MIWA N. Hydrogen-bubbled plati-
num-colloid suppresses human esophagus- or tongue-car-
cinoma cells with intracellular platinum - uptake and the
diminished normal-cell mortality [J]. Hum Cell, 2020, 33
(4):1294-1301

SAITOH Y, OKAYASU H, XIAO L, et al. Neutral pH hy-
drogen-enriched electrolyzed water achieves tumor-prefer-

ential clonal growth inhibition over normal cells and tu-

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

mor invasion inhibition concurrently with intracellular oxi-
dant repression[]]. Oncol Res,2008,17(6) :247-255
SAITOH Y, IKESHIMA M, KAWASAKI N, et al. Tran-
sient generation of hydrogen peroxide is responsible for
carcinostatic effects of hydrogen combined with platinum
nanocolloid, together with increases intracellular ROS,
DNA cleavages, and proportion of G2/M -phase [J]. Free
Radic Res,2016,50(4) :385-395

s FE AU i XTAP  BIRC3 fi2 i fili B8 A549 41
PTRALRIPTTE D ] A %% L BERRE, 2018
EREE. AU AR AS49 2 LA 8 08 T AN i 444
AIBFFELD . A7 5 LR R, 2019

WANG D, WANG L, ZHANG Y, et al. Hydrogen gas in-
hibits lung cancer progression through targeting SMC3
[J]. Biomed Pharmacother, 2018, 104 :788=797

TARB B i, REDT A5 TR/ N
T E AR BOFE T B CHLRIBESEL) 1. PR Zeii, 2018,
38(8):561-565

YE J,LI' Y P, HAMASAKI T, et al. Inhibitory effect of
electrolyzed reduced water on tumor angiogenesis[J]. Biol
Pharm Bull,2008,31(1):19-26
LIULY,YANZF,WANG Y Y, et al. Suppression of au-
tophagy facilitates hydrogen gas - mediated lung cancer
cell apoptosis[]]. Oncol Lett,2020,20(4):112

MENG J,LIU L, WANG D, et al. Hydrogen gas represses
the progression of lung cancer via down-regulating CD47
[J]. Bioscience Rep,2020,40(4) :R20192761

CHEN J B,MU F,LUT, et al. Brain metastases complete-
ly disappear in non-small cell lung cancer using hydrogen
gas inhalation: a case report[]]. Oncotargets Ther, 2019,
12:11145-11151

I o S Y R WO N R AWNDN 770 )
A H I £ B HSE N R [T ] IWZREE 24,2018, 58
(24):14-17

ik RE,E iR, & SUK S E AT/
SR F) AR AR A P R AL [ ). 5 —ZE R Ry
#%,2016,37(9) : 1082-1087

LIU M Y, XIE F, ZHANG Y, et al. Molecular hydrogen
suppresses glioblastoma growth via inducing the glioma
stem - like cell differentiation [J]. Stem Cell Res Ther,
2019,10(1):145

RY O AN, IR AE ST R 40 Huh
2 ()], AEPIEOR RS, 2020, 10(4) :400-408
A, Ui SRS R X SRR AR AR
sz ()], BRI PR, 2020, 28(23) :4036-4041
YANG Y, LIU P Y,BAO W, et al. Hydrogen inhibits en-
dometrial cancer growth via a ROS/NLRP3/caspase-1/GS-
DMD - mediated pyroptotic pathway [J]. BMC Cancer,
2020,20(1):28



A2 EH 3

< 428 - (IS S SN S 20224F3 f
[36] HARRISIS,DENICOLA G M. The complex interplay be- tects cultured human cells from ionizing radiation - in-

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

tween antioxidants and ROS in cancerlJ]. Trends Cell Biol,
2020,30(6):440-451

CHEN Q, ESPEY M G, KRISHNA M C, et al. Pharmaco-
logic ascorbic acid concentrations selectively kill cancer
cells: action as a pro-drug to deliver hydrogen peroxide to
tissues[J ]. PNAS,2005,102(38) : 13604-13609

CHEN Q,ESPEY M G,SUN A Y, et al. Ascorbate in phar-
macologic concentrations selectively generates ascorbate
radical and hydrogen peroxide in extracellular fluid in vivo
[J]. PNAS,2007,104(21) : 87498754

CHENG J, TANG C, LIX, et al. Hydrogen molecules can
modulate enzymatic activity and structural properties of
pepsin in vitro [J]. Colloids Surf B Biointerfaces, 2020,
189:110856

ITOH T,FUJITA Y,ITO M, et al. Molecular hydrogen sup-
presses FeepsilonRI - mediated signal transduction and
prevents degranulation of mast cells [J]. Biochem Bio-
phys Res Commun,2009,389(4):651-656

OSTOJIC S M. Does H; alter mitochondrial bioenergetics
via GHS-R1a activation? [ J . Theranostics, 2017,7(5) :
1330-1332

ITOH T, HAMADA N, TERAZAWA R, et al. Molecular
hydrogen inhibits lipopolysaccharide/interferon vy - in-
duced nitric oxide production through modulation of sig-
nal transduction in macrophages [J]. BiochemBiophys
Res Commun,2011,411(1):143-149

LIN Y, OHKAWARA B, ITO M, et al. Molecular hydro-
gen suppresses activated Wnt/B-catenin signaling[J ]. Sci
Rep,2016,6:31986

LI Q,HU L, LI J, et al. Hydrogen attenuates septic lung
injury by activating thioredoxin 1 and decreasing tissue
factor expression[]] Front Immunol,2021,12:625957
HANAOKA T, KAMIMURA N, YOKOTA T, et al. Mole-
cular hydrogen protects chondrocytes from oxidative
stress and indirectly alters gene expressions through re-
ducing peroxynitrite derived from nitric oxide [J]. Med
Gas Res,2011,1(1):18

D5,k FE S AREYSAE N A Y
Sty ] AR IR 2020, 10(1) : 15-22

AKAGI J,BABA H. Hydrogen gas restores exhausted CD8"
T cells in patients with advanced colorectal cancer to im-
prove prognosis[]]. Oncol Rep,2019,41( 1):301-311
AKAGI J, BABA H. Hydrogen gas activates coenzyme
Q10 to restore exhausted CD8" T cells, especially PD-1"
Tim3"terminal CD8" T cells, leading to better nivolumab
outcomes in patients with lung cancer [J]. Oncol Lett,
2020,20(5):258

QIAN L R,LI B L,CAO F,et al. Hydrogen-rich PBS pro-

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

L61]

[62]

[63]

duced cellular damage [J]. Nuel Technol Radiat Prot,
2010,25(1):23-29

YANG Y, LI B, LIU C, et al. Hydrogen-rich saline pro-
tects immunocytes from radiation - induced apoptosis [J].
Med Sci Monit,2012,18(4) : BR144-BR 148

QIAN L,CAO F,CULJ, et al. Radioprotective effect of hy-
drogen in cultured cells and mice [J]. Free Radic Res,
2010,44(3):275-282

ZHAO L, ZHOU C, ZHANG J, et al. Hydrogen protects
mice from radiation induced thymic lymphoma in BALB/c
mice[ J ]. Int J Biol Sci,2011,7(3):297-300

MEI K, ZHAO S, QIAN L, et al. Hydrogen protects rats
from dermatitis caused by local radiation [J]. ] Dermato-
log Treat,2014,25(2) : 182-188

ZHANG B X, ZHAO Z S, MENG X Y, et al. Hydrogen
ameliorates oxidative stress via PI3K-Akt signaling path-
way in UVB-induced HaCaT cells [J]. Int J Mol Med,
2018,41(6):3653-3661

AR B HL VA VBN T 200 ML K2 T A P o 5T 97747 5400 B
PLRIWFFE (D ). b 25 — 4B R, 2012

11O A,ITO M,ITOH T, et al. Molecular hydrogen attenu-
ates fatty acid uptake and lipid accumulation through
downregulating CD36 expression in HepG2 cells[J]. Med
Gas Res,2013,3(1):6

WA M I, B BR,AE. B EUKX 4 Gy XS4 &
RS/ Bt i D RE s [) . AR Iim R BRI A s (o
T ,2017,11(10) : 1795-1798

TERASAKI Y, OHSAWA I, TERASAKI M, et al. Hydro-
gen therapy attenuates irradiation - induced lung damage
by reducing oxidative stress [J]. Am ] Physiol Lung Cell
Mol Physiol ,2011,301(4) :1.415-1.426

HIRANO S I,AOKI Y, LI X K, et al. Protective effects of
hydrogen gas inhalation on radiation - induced bone mar-
row damage in cancer patients: a retrospective observa-
tional study[]] Med Gas Res,2021,11(3):104-109
KANG K M,KANG Y N,CHOI I B, et al. Effects of drink-
ing hydrogen-rich water on the quality of life of patients
treated with radiotherapy for liver tumors [JT]. Med Gas
Res,2011,1(1):11

NAKASHIMA K, MORI T, OHSAWA 1, et al. Molecular
hydrogen alleviates nephrotoxicity induced by an anti-can-
cer drug cisplatin without compromising anti-tumor activi-
ly in mice [J]. Cancer Chemother Pharmacol, 2009, 64
(4):753-761

WU S,ZHU L, YANG ], et al. Hydrogen - containing sa-
line attenuates doxorubicin-induced heart failure in rats
[J]. Pharmazie,2014,69(8) :633-636

GAO Y,YANG H,FAN Y, et al. Hydrogen-rich saline at-



A2 EH 3
202243 A

JE s, S PE s ],
B ERR A (HARBRERR ), 2022,42(03 ) :421-430

+ 429 -

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

tenuates cardiac and hepatic injury in doxorubicin rat
model by inhibiting inflammation and apoptosis[J ]. Medi-
ators Inflamm,2016,2016: 1320365

FAN M, WEN Y, YE D, et al. Acid-responsive H, -releas-
ing 2D MgB, nanosheet for therapeutic synergy and side
effect attenuation of gastric cancer chemotherapy [J]. Adv
Healthe Mater,2019,8(13):e1900157

RUNTUWENE J, AMITANI H, AMITANI M, et al. Hydro-
gen-water enhances 5 -fluorouracil -induced inhibition of
colon cancer[J]. Peer J,2015,3:e859

U R, W TS, A5 MR A ER KT S
W GRA R ], AR5 5547, 2012, 32(10) £ 662~
666

MENG X, CHEN H, WANG G, et al. Hydrogen-rich sa-
line attenuates chemotherapy -induced ovarian injury via
regulation of oxidative stress [J]. Exp Ther Med, 2015, 10
(6):2277-2282

YANG Q X, JI G D,PAN R T, et al. Protective effect of
hydrogen-rich water on liver function of colorectal cancer
patients treated with mFOLFOX6 chemotherapy [J]. Mol
Clin Oncol ,2017,7(5) :891-896

W RAS. TRV o UK AR R g A AR T e A ek 2 1
BAERID]. #8122 AR PR BE, 2014

YAO H, YANG Y, LI M. Intake of molecular hydrogen in
drinking water increases membrane transporters, P-glyco-
protein, and multidrug resistance - associated protein 2
without affecting xenobiotic - metabolizing enzymes in rat
liver[ J]. Molecules,2019,24(14) :2627

TERASAKI Y, SUZUKI T, TONAKI K, et al. Molecular
hydrogen attenuates gefitinib - induced exacerbation of
naphthalene-evoked acute lung injury through a reduction
in oxidative stress and inflammation [J]. Lab Invest,
2019,99(6) : 793-806

CHEN J B,KONG X F,MU F,et al. Hydrogen therapy can
be used to control tumor progression and alleviate the ad-
verse events of medications in patients with advanced non-
small cell lung cancer [J]. Med Gas Res, 2020, 10(2) :
75-80

CHEN J B,LU Y Y, XU K C. A narrative review of hydro-
gen oncology: from real world survey to real world evi-
dencelJ]. Med Gas Res,2020,10(3):130-133

AR e 28 R, A AR AN s At 9 AR
TAARE IR A HE A AR s L) ). AR Rk 2
2020,40(8):907-910

JIANG Y, LIU G,ZHANG L, et al. Therapeutic efficacy
of hydrogen -rich saline alone and in combination with
PI3K inhibitor in non-small cell lung cancer|J ].Mol Med
Rep,2018,18(2):2182-2190

LIU K,0OU J, WANG S, et al. Magnesium-based micromo-

[77]

(78]

(79]

(80]

[81]

[82]

(83]

[84]

(85]

[86]

[87]

[88]

[89]

tors for enhanced active and synergistic hydrogen chemo-
therapy[J]. Appl Mater Today,2020,20: 100694

SUNR, LIU X, LI G, et al. Photoactivated H, nanogenera-
tor for enhanced chemotherapy of bladder cancer [J].
ACS Nano,2020,14(7):8135-8148

ZHAO P,JIN Z,CHEN Q, et al. Local generation of hydro-
gen for enhanced photothermal therapy[J]. Nat Commun,
2018,9(1):4241

ZHOU G X,WANG Y S,JIN Z K, et al. Porphyrin-palladi-
um hydride MOF nanoparticles for tumor-targeting photo-
acoustic imaging-guided hydrogenothermal cancer therapy
[J]. Nanoscale Horiz,2019,4(5):1185-1193

ZHANG C,ZHENG D W, LI C X, et al. Hydrogen gas im-
proves photothermal therapy of tumor and restrains the re-
lapse of distant dormant tumor [J]. Biomaterials, 2019,
223:119472

WANG Q,JI Y,SHI J, et al. NIR-driven water splitting
H: production nanoplatform for H,-mediated cascade-am-
plifying synergetic cancer therapy [J]. ACS Appl Mater
Interfaces , 2020, 12(21) :23677-23688

CHEN J, LIN S,ZHAO D, et al. Palladium nanocrystals-
engineered metal-organic frameworks for enhanced tumor
inhibition by synergistic hydrogen/photodynamic therapy
[J]. Adv Funct Mater,2021,31(4) :2006853

ZHAO B,WANG Y,YAO X, et al. Photocatalysis-mediated
drug - free sustainable cancer therapy using nanocatalyst
[J]. Nat Commun,2021,12(1):1345

WU Y,SUL,YUAN M, et al. In vivo X-ray triggered cata-
lysis of H, generation for cancer synergistic gas radiother-
apy[]]. Angew Chem Int Ed Engl,2021,60(23):12868-
12875

OSTOJIC S M. Hydrogen studies at Clinical Trials.gov:
The dawn of a new era?[J ]. Am J Med Sci,2019,359(1):
51-53

AT AR R MR, A AR BEE T &
e SRR [) ] WRHEIIE 5 908k, 2020, 15(1)
53-56

YAMAMOTO R, HOMMA K, SUZUKI S, et al. Hydrogen
gas distribution in organs after inhalation : real-time moni-
toring of tissue hydrogen concentration in rat[J ]. Sci Rep,
2019,9(1):1255

YANG T, JIN Z, WANG Z, et al. Intratumoral high-pay-
load delivery and acid -responsive release of H, for effi-
cient cancer therapy using the ammonia borane - loaded
mesoporous silica nanomedicine [J]. Appl Mater Today,
2018,11:136-143

KOU Z,ZHAO P H,WANG Z H, et al. Acid-responsive H,
-releasing Fe nanoparticles for safe and effective cancer

therapy[]]. J Mater Chem B,2019,7(17):2759-2765



- 430 - [ S N

426430
20224F3 A

[90] ZHANG B, WANG F,ZHOU H, et al. Polymer dots com-
partmentalized in liposomes as a photocatalyst for in situ
hydrogen therapy[J]. Angew Chem Int Ed Engl,2019,58
(9):2744-2748

[91] GUO H Q, WANG B, SONG X F, et al. Agreen, efficient
and precise hydrogen therapy of cancer based on in vivo
electrochemistry[J 1. Natl Sci Rev,2020,7(3) :660-670

[92] KOROVLJEV D, TRIVIC T,DRID P, et al. Molecular hy-
drogen affects body composition, metabolicprofiles, and
mitochondrial function in middle-aged overweight women
[J].Ir J Med Sci, 1971,2018,187(1) : 85-89

[93] SUN Q,CAIJ,ZHOU J,et al. Hydrogen-rich saline reduces
delayed neurologic sequelae in experimental carbon mon-
oxide toxicity[]]. Crit Care Med,2011,39(4) :765-769

[94] CAI J, KANG Z, LIU K, et al. Neuroprotective effects of
hydrogen saline in neonatal hypoxia-ischemia rat model
[J]. Brain Res,2009,1256:129-137

[95] LIJ,WANG C,ZHANG J H, et al. Hydrogen-rich saline
improves memory function in a rat model of amyloid-beta-
induced Alzheimer’ s disease by reduction of oxidative
stress| J ]. Brain Res,2010,1328:152-161

[96] OHARAZA W A H,IGARASHI T,YOKOTA T,et al. Pro-
tection of the retina by rapid diffusion of hydrogen : admin-
istration of hydrogen-loaded eye drops in retinal ischemia-
reperfusion injury [J]. Invest Ophthalmol Vis Sei, 2010,
51(1):487-492

[97] KUBOTA M,SHIMMURA S,KUBOTA S, et al. Hydrogen
and N-acetyl-L-cysteine rescue oxidative stress-induced
angiogenesis in a mouse corneal alkali-burn model [J].
Invest Ophthalmol Vis Sci,2011,52(1):427-433

[98] KATO S,SAITOH Y,IWAI K, et al. Hydrogen-rich elec-
trolyzed warm water represses wrinkle formation against
UVA ray together with type-I collagen production and oxi-
dative - stress diminishment in fibroblasts and cell -injury
prevention in keratinocytes[.] 1. J Photochem Photobiol B,
2012,106:24-33

[99] ZAN R,JI W P,QIAO S, et al. Biodegradable magnesium
implants: a potential scaffold for bone tumor patients [ J].
Sci China Mater,2021,64(4) :1007-1020

[100] 20548, 4 &, LR, 55, BT m s T B BE
SR i Je A L s e [0 . R IHOR L 2021, 50
(2):22-29

(101 i 2 ¥, AN 25 2 ] S AR W2 B LB 27 B
(I ). A= 34R , 2012,28(9) : 705-718

(1023 52, u—%. SPGB AE B B2 b b 1
(1], BRI iz, 2010,30(5) :270-272

[103 ]KAJIYA M,SATO K,SILVA M J, et al. Hydrogen from in-
testinal bacteria is protective for Concanavalin A-induced
hepatitis [J]. Biochem Biophys Res Commun, 2009, 386
(2):316-321

(WFE#]  2021-07-06
(A 448 BR5 81

SSUR LR

R X N S i S

S Sudagi]

R

D L T LI L T L S S L S S L L



