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Ask not what National Insurance Policy can do for you, but,ask how
vou can utilize molecular hydrogen to safeguard your health.”
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(—) &~ FERma = A5 %
(1) VERRAK I 138 By He e 7k

FHE—R]4%0 - 7k (H,0) REEE5F (Molecular hydrogen)
Fe—{8%53F (Molecular oxygen) FifRK - K7 FRIGATRIE R
975%/EA « FERAMPTEEREER - BAVE 75% /A anIkEiigiss
EFkGy o AR AEAEMATENRY R ES - BV GRIETEHIN
THE R SHIG75%

E—. & ~ ASkiifE = ARG
(7}0 ERNEBEENEFT - HEBEE
@ . HBEEMTH FFle®%m A
«—>
(Double-edged sword) ©

(&87F) (BxaF)

K53 TR I FIREE 2 SEFTRERYE S, (Hydrogen bonds)
G o SRR - BESASFEFRCT - gELL TR
TIREFAE - B3O IR (B ) e nl MM EER LS
o [ElF » kST EAEEEE (Melting point) ~ EihEE (Boiling
point) AR ERILEY (Heat of vaporization) Kk » K EHKAH
PN RTEGER - DU B ARANA ] (BRI —) -
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& —. k2B (dipolar) HYZF -

YL TEE(CC) | hEL (CC) | ALl (FRE /38)*
7K (H,0) 0 100 2.260
B (CH,OMH) -98 65 1,100
ZF# (C,H,OH) <117 78 854
# (CeHE) 6 80 394
=&HEE (CHCL,) -63 61 247

* SALEL ¢ BE—TTiRIEE B EGFT REERYAAEE - IEB B R NA F AR -

BRibZ b - BAER AR KRR EME Tt ma A
A o AR - RS (polar gases) RIS s
(nonpolar gases) YA 7KAVESIFE (solubilities) I R7EHAILH
{EIEREIE Y E A A AR



R AL fkEEs | BAKAARRE LT
%, (Nitrogen) FRA 0018
% (Oxygen) FERE 0.035
e 7 - FE:
(Carbon dioxide) e 097
Z, (Ammonia) K 900
et i 1.860
(Hydrogen sulfide)* il

s B SRR ESHITEThEE - B v B fESSE(dementia)

(LD
NO
/\
CO +— H,S

(—=fbm) Gifbs)
EHRME [ZAakiR]

|

CO = H,
HER [Pa %]

RS ERIE —EREE
HE BEES T - EMaRE—HEA

(Nitric oxide: NO) » —5tfik (Carbon

dioxide; CO) Jffii{ba (Hydrogen sulfide;
H,S) o ‘EfHiEE A E A AR
REFERRE) - HHER HultZeas 18
AERINEEMEIZIEE - 1 B EER®
(B - FHERERE(E ST
ARG - SRRk A R PR

[&FT7) °
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=) o AEPIMS R AL LR P SRR R AR S E

1 - fEREH o TINTANG PR LR BA M A0y -

Urir

g —#&AfkA | —%EibhiE | WIS R
FEEE (NO) (CO) (HoS) | (Hp)
g e id I 5 Bl ’
(l) E’E@. ’ ujklé ﬂ]\i ’ ;i@; ﬂlé ’ @\E\ Eﬁ‘l&n}kiﬁ ﬁ ’ ﬁ
(2) |k - - + ++
) Fik + ++ ++ -
HEA A e 15
(4) B NOS, X0 HO -1 CBS,CSE ey e
ME &R —
(5) e dorf + +
(6) Frasskk + +
(7) HTAHIEE 4 n
[

HHED 1 NOS : —SLASHES ; HO-1 1 SRATRELE : c 85
Cystathionine ([EI*EHEIEHS Elserine (RS SY)) B -E k(G
EHEM B MUEHES) 5 CSE : Cystathionine fiEE 4 fEET »
X0 : EHESE(LEE -

#eE ¢ lida A, Nosaka N, Yumoto T, Knaup E, Naito H, Nishiyama C, et al.

The Clinical Application of Hydrogen as a Medical Treatment.

Acta medica Okayama. 2016:70(5):331-7.




2) NEMf AP 71 ?

FETER KB ERAFTER - (BRM—ESF Tzt
= HERER ¢ O HKEE R E AR ? ERAEEE
ZEFETIIREAR - T AKERRE ST
D NERIBABA S EIEE (Hydrogenase) B » nF] AR

Z b2 BB R SR -
if) TR ERE - AR R R
iii) F I BERE RS - HALSRIEM T ¢

Mg + 2H50 = Mg(OH)2 + Hy |
tv) P A B g e S SR AL B0 v 2 SR

[GF : A EEE]

2A1 + Ca(OH), + 2H,0 — Ca(AlOy)s + 8Hy |
v ) ) FEL S BRI B A PR 7 A S
vi) B 2K 43 BB 1 2 2R o, -

F L FRFInRERERR - AR MR E SR - RIRTRIEZK
HHELEFERIIER o fFE A KSR SRR TS
=EEG RN EEREEEE R - RS - A

TR B EENSE - TREEASRMARLER - HEX R
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1.Xuejun Sun, Shigeo Ohta. Hydrogen Molecular Biology and Medicine,
201b5;

o Hammer HF. Colonic hydrogen absorption: quantification of its effect
on hydrogen accumulation caused by bacterial fermentation of

carbohydrates. Gut, 34 : 818 - 22, 1993.
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ECHERAEE B — T AR EGEAEIEL - RATHA -
FERBEEAS AEEE SRR ER RNER
SEASERZR  E 2 0 IR AR TR BT R R
CEDBGERMSEMENERELEY - M RIRE =R
Adenosine triphosphate 5 ATP) » ALK ASE LU ERIETEERT
THE AOEERM - EEREH - EEERSEHRY - 61969
o SRR A BRI NS B A AT (Fridorich) B AAIRTFEA
FE (McCord) EEHALIMERZHBEAEEETBULEE (Superoxide
“ismutase;SOD) + HE ARSIHAMES B HEGEEREET 0. °)
WIFAE - thEEEEETRE - B AR R EZ R
- SEREEBRAR XEMEFI A TRIMEREE (Ischemia and reperfusion)
A9 b o BT ERILERYMH A (Double-edged sword) © ¥ AKH
s ENfFER “Uasl” - RRSERELHHERER -
EE R AR - REEC -

HK o BECREH— TERZHEBEAHZEE - ABBRERLE
KB - fERARTE A2 e 2R - BAIEIER - B
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A ks nl =50y
1) SRE SR

S HRAE IEAR A — T A A S S S SR E S R - R B
SOOTEMUR K EE - FEEMEAK BT - HRERNIERIEE
=0 HBER - 1970 - SRR (Bdo) FRFFAHERZ
%k SRS SO 1 R R AR A o SIOMERREEK ~ ATk R
SER MY - ESE RIS B (Nordenau) TS
RETHER « 5 AR 2 ik B 5 AR RO BBV A R
ZEE - ISR - SUHGHE R R - BB
R RN BB RHREIHE - RIGEHK T E
- GIHNEE E Rt B A BRI - J8iR 18522
CLE - LABRROCEL “HBIMESR BT RIRESSE - 2R
EE e IR ISR Bk - YRR
= BRI » RKEIRTTH - ok 2 KB SRR AR AT
= (RN IS - ERERKEERRA S ER
SHYRIREIK -
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E19765 » HEIK (Dole) FAMIEREEEE (Hyperbaric
hydrogen) ETHTRZFE E MRS o (56 HARTE 00 - W5 IRSET s
/INT 1]  EERFFERERTERAAHIEIERAERE (Science) | = 20014F

» 557 K (Gharib) SE AZRFI R S BA WA R e R AL L [T
BeckBiAte (b B A R B S - R B RR EEATRER2] - DL EF{E LS
TEFBIRITIZER] - FEERIRFZEE 5« IEE S RIGTRITREH -

LA _EPufelsF Einisss B BaE s - BT EARIR - E
EMAIZEEERR (20074FLIR) WIEEGEIRVELE - 7ERigimA
JIHERBHAVEEG - SR ARG - RIERER TZ
fEARVEE - H L E AR AR NG 27

24308 :
1. Dole M, Wilson FR, Fife WP. Hyperbaric hydrogen therapy: a
possible treatment for cancer. Science, 190 : 152-154, 1975.
2. Gharib B, Hanna S, Abdallahi OMS, et al. Anti-inflammatory
properties of molecular hydrogen: investigation on
parasite-induced liver inflammation. Comptes Rendus de

1 * Academie des Sciences III, 324 : 719 - 724, 2001.
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=i SRR Rk B TR SR iEER - 5 REEAR
LE EE - 20064 0 EHAS AR S EE L

= IEE BRI AR BRI TC R ¢ BURSOK R

':— ,—

SERARAY AR - FE20034F » HABRIKEEZ AR

TR TS (S. Ohta) HUIRELE T » FIZERMIEA L © 8
TUEZELIIE » $IRFE2007ET A R — R oS ERYEA T
- FIBAEAAREATIAT] “HABEE (Nature Medcine)” L » 38

il
\
EL
by
¥

o

Er

HUCEREBERNFER - (OES T EAEERIEERANEEE)
TENTEERIRI E R GRE i R A bR R R T

REuss A e T - DUk EBRENTTEEEY ©
TR (EIEMER) - (LB R Rk R (R
FSEIPIR ESR (2%) Al PRrENSHIEZ DhRE - EERASRALE

- SRR AT LAGRTE RS HIAE AN er I P R AR KB H S
SHEEHYIEIEE 5 (Necrosis) CEFFHERIHEIL » A& ) - HAR
S Z ISR R T R R TRIRERK - BRER

SATRFFEENE + GRS [ H AR ~ SRBIRT B B R P2 AT

5

- 2SS R HER 0 BRE TSI TR
HIAFE RS T E EAEERIE (Evidence-based science) HY—
HrEpgRLEsatg o KBRS - B R iR R
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(1) BHHEERY 2 38 R Fi 1k

K TR G537 B TR IR £ BT RUAE » EseF M s
ERVRERR T TEN E HE (Free radicals) » ZERRSELE I B B thk
MEES - BHREZIREEIEANS TRIETE S E A
HHVET - WELRERARYE - B4R SireE M
TR THRIRERE - (HREH - fFEERREE 198G -
EXAR S FREE R - EEE LR EE K E(Chain
reaction) * BI40 © I S HERY B ST ELE — [ BB H B
(Glutathione ; GSH)] » EHVE FHFRE HEE(Hydroxyl radical ;
OH " )AEZ & » AMTE T G IR i # bt H Ik =5 & B i £
(Thiyl radical ; GS *) #I(FTR
GSH GEJEAD) + OH ' —>H,0 (FK) + GS * veveerererrrrennnnnenen. (1)
& - HREHEBETEIERLE (Paramagnetic character) » F{MIRE
U FE(ERF SR BRI E AT - M52 B 55 LIFESH probe)
REHZEIER - ARG - SERIINER (GEEhENE
W SRESA D) » 7T FE T e LR 247 % [ Electron Spin
Resonance (ESR) Detector ] ZKAFMITIFIH] S35 » FAIIRATFI R
Bt Fy B iz SLUEEE FAMUEE (Probe-based confocal microscope)
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L EEEEREANEEE BREFENEA E B E RS
R E LR EABANED -

— 1 5 1 R S P AR YA AS SUHE (Termination
reaction) * tHEEEFEMRR(E E EHRARH ARG » TS E 1Y
TR - A

GS* + GS "> GSSG rrereeerennscnnccncasscannnnnnes (2)
(AR - FRRHUEIEYIGE)

B OH * 4 H*—> HpQ wweeerernrerenessesesasnsianee (3)

= th AR = R R B M M A AR - 20E =R
- SEERZ B TR REERESREET (Superoxide anion)
S EE s PERIGEAIEMEEALES (Superoxide dismutase 5 SOD) i«
=icaEE PRSI (B 40K 5 hydrogen peroxide) [ H.O.NRERE
= i [HEREEBEAEEEY) - AR TGS (Reactive Oxygen
Species ; ROS)) GERIE=) °

eI - REMENNE - BRSNS R R MR
SEE B LB AR TR R B RE S (Singlet oxygen; '0p) © EJG * Hp05
=] L) RS P SE AR UE S B (Fenton’s reaction) EEAEFSHE HHEE ¢
H,0, + Fe2t = OH * 4+ OH™ + Fed+ ererrserscsreaceacanns (1)

EiE{ERES - EREE M R E R, O (F A A R H R -

|!. ll:

M

k
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kel 2o G e i S N 3

591 » H0. 0 ATFEFTREIINE IEHE U FE (Haber-Weiss reaction) FE
AEFRE L 1 HyOp + Op'- FEI0U L QH* wessrerssnsssanens (2)

FEEME e » VSR et R ke LRI ZIRE - TS
HiES 0. HE AN T EARE HE - F4 - OIMERKE
bk A HIRRY SRS 2 B JeF FIREE B % {LEE (Myeloperoxidase
s MPO)MYHELTER » i H.0. BB FIFRESERARE
(Hypochlorus acid ; HOCD) » BE#RHOCIFEEEE S &t T (Superoxide
anion ; O,°-) TEFIZEAEHRES (Singlet oxygen; '0,) » HiFZHIH

E.< LI

H,0, + CI- MPO | {1 +eeeeererersecsencans (3)
HOCI1 + 0, - 5 Cl™ 4 1Qg seerecerennecs (4)
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‘illaf%ﬁlluﬁﬁﬁmﬁﬂiﬁi@ﬁ[%

nterconversion of various oxygen-derived free radicals

o, | ( TR AR

4
A A HoCI
EVIPOIFCI‘
—11.NOX
= — ] soD 1. CAT
-_—'-’*2 o L%2 |[— > H0, F———>| 2H,0
-'+e) 2.GPX
( +GSH
- (2) WA FEL R e 3. PRX+TR
Arginine—>| NO (Haber-weiss RX)
~ Fe2*/Cu'*
"2 —1[ OONO (1) TR
‘l’ NO,~ Vv (Fenton RX)

oonoH —Z2—s| on* || H,

ihE

Catalase GRELEEIIE) ; GPx = Glutathione peroxidase (

S HEGR%SERED) ; PRx = Peroxiredoxin (SR H&E(LED ;
+ = Hydroxyl radical (FEE FHES) ; OONO- = Peroxynitrite (SEfH

FHES(LEBEL); NoS = —FEULESERE ; Arginine = FlEEL

=0C! = Hypochlorusacid (M) 5 MPO = Myeloperoxidase (B4,

,_ju

TIH

“ES); X0 = =HIENS (Xanthine) BLHEE ; NOX=NADPH &/{LAE ;
i Ho = @ik E Bz 5% -

f-lT

: RS
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(2) J0fl AT E 5 2 BALBHERE S 10 RTS ¢ R e

PR ¥ (Standard reduction potential ; SRP)

B 22 7 R B IR AR FTAE » (EL IR A B0 B ph st - kL
HFHE S ST - TS RREAE -

sfary=

BHE
Group 1 Group II
1. FHERGS 1. ZEEReE
[FEESR R R % [SRPE IF{H]
(SRPEBE(H)] o, Y BB
2. HEFAEHER fme—1] -
G 3. 3l : OH *
3. % :0, -~ HO, » OONO -

AIRVIRTR - E BT (1) FiEEss - e B R s
SRP) ZAEREE » BIA : 0, -H,0, o BAFE R A 78S B
A (Signaling transducer) « BIATEIREGH Ty B R fakde RHIN
(Skin fibroblasts) Fif * Z5HEAB &0, -BiH,0, » BIFERE(E & fdn
WHRIEEAR - QBRI - HERAEEENE—FE - 41
ANOH* B OONO- = Hrft » O FHAELFE A 1% - HLBGIR & BEHRARAT -
CHE BN E RN 2 S L4865 (Oxidative damages)
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ALEGEIR

(E°” X(SRP) A
SREE T 50) (HO) | Water/hydrated electron -2.84 @ﬁﬁ%)%}%lﬁ_%[uj
1 i Carbon dioxide {.80
PR PILIEHES (CO2/CO=") i
... HHHO, Hyarogensted -0.46
< superoxide
EREErEahE Paraquat/ paraquat “— -0.45
)R Fed*t-Transferrin/ Fe2™- :
) Transferrin -0.40 (pH: 7.3)
; q Superoxide anion -0.3%3
... LI Nicotinamide Adenine
H7/ NADH Dinucleotide .52
= A{ERY/ Fed3™Ferritin/ Fe2*- 618
= HGERED Ferritin TR
=s A Flavin Adenine 1
R, HEADH Dinucleotide .48
&= =0 (R{bADMEESR Dehydroascorbate/ 0.17
CEHE ascorbate = :
B2 Fe't) %AH-Fe?t | Fe?*-EDTA/ Fe2*-EDTA 0.26
gesesamene | T HYaTH (e 0.50
Tocopherol)
L e e HU—, HYUH,—
S e : ’ 2
st (HU  EE (Urate) 0.59
PR , hydrogen peroxide
S8{EF(H.0, via S0D) = + 0.94
i (0~  2H'{H,0,)
EES-HibEaEE I . N
(NO*INOY) Nitric Oxide (NO*/NO") 1.21
SCE RS Lipid peroxidic acid 07 A
bieRe (ROO", H*/ROOH) Pl
SN AR Peroxynitrite (OONO ™) 2.2
s iyt hydroxyl radical (OH, 531 v

H*/H,0)

f b L

5 DL FORHRA B Halliwell B Gutteridge FEAN T AL MBS S SR A5 41 X »
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Cad
~
P!

P et S N S S q,q O L
/)

Rttt ERZEREM - MEEHE - HERSEIAL
il - ARAIGEEANEA - A » EUr T EREREERGE AR
- W EEPRIEA AR E B - B3 - 0ONO™ AT &Rk
(ERCRIEERRE HEN—Fh - HRRTREZ0oNO #E Lk
» BAECOONOH » BEF ETTEYH » BRI AR E hE: -
AT FEEMRERRE » FalgeryBaianrt

/ -
(SRP=2.31)
\ e

g —E H AN A A LB RE ) B R R AR MR R AR I
(E°’) (F&H) » B4l : 0,/05" &ZSRP = -0.33 5 OH" * H+/H,0:ZSRP
= 2.31 » FELFRREBE (oH") MHEivEEEEET-(0,") HIEER
B (Ffk) REJ) - NEETE R IEARREET K H.0, » 4
REMuAHEEE Ik Catalase CBE/LECEHEESR) ~ GPx GIE
HRGESE(LE) KPRX (EiEH&SE(CED) Dhaefazhs » HIAlH
H B s s M Ry B A GERE =) AR » 55—
FAbA SR [ Nitric oxide synthase (NOS) ] ZiE RN » IR

OONO~™ |+ | H" | —— | OONOH
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= = =T ETaA e iEEEr(ooNo )

5.~ '+ NO |—| oono— | +| H* | — | coNOH

— /\

NO,~

rgmme) f
(A EZEEESTER)

— EEHD 007 MHL0EE RIS - T HEE T RE(E
S= T {ERE - AIRAIFERR o R e R E
TI0H'ROONOT » BB L BEEINE - FH HEE HiATAl
CEOIELH . ERfERIE B - RIBEEHIECDNA ~ 5

l'l |[

S REH AR AR R - i EErSE LI ERE - AR

CF - HERAEEEARER LG -
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T

i ol e S N 30 ST q-‘dh\

e
£

i gl =¥

REEE S G U fiiey
FFEa TEEAKREET £ o
1 WG BIFRE RS FoE | BHEERESR
TECEE » BIE[ZEE TR -
EENSTFZ2ETER  AENS | BMN&EH
5 FHhEEEhE - EEALE | hEEEZE
7 B EigE R HE o FI40] : GSH + OH® ] e
— H,0 + GS*
(D) ELE faERE MBS E 2 a] R 2 {5 B
3 MERES T  OBF®RERE | HEZHFEEN
4 o ()FFSEHEEEBEINEE - Il | FARE G -
HiREMIEE -
FfEMEESRRERE AR EETE | TREIIAE L
4 AR ARG AL e T - b | P E R A
B8 R kS S HE - a0 - AALRE - ThiE
GS* + GS* — GSSG. IR TmiER -
HihEEE s mBIEERER | BRI I&
B (B°) PREZ ° HE TEIH o B EE
5 HIESBEEMY: B &b &4 | BEBEE [(E)
s M » FEREEZE Y JZIEMH ¢ =02, 81] &
HI2& kM - SbseitiEck -
£ HEH 7 E pR B AT A T i 1A L SR
JRET R A S Y B R A Rl | DL B U AP HE
HrEarREhE (oHY) s B4 | BKKE - Tl E
. » 10, - | H,0, AR L2 | ARE b -
(L F0H* FZOONO— - 2. kAR B
— & LA (NO)
WA E &
OONO ~ @

21




30 Bl R AR ?
VE SR EH AR 2R ¢ (DARREELEE (AR
- R 29MNRESERYEE ONRMD) - Wi SIEH BRI Rk E

 SEE AR . [Hi#iE(Mitochondria) BGGERERIF
2 EY - ] KRR AR B R AERLE S B E - WA RE
SEE - BMTE LA AR — T T AR R B R
S00) - RrfRieE ARG E S T [ IEH =W (Adenosine
chosphate 35 ATP)] FUEESH  EATP/KERY » @rEEERE @ et
EEEIEREITE - FIA0 - LARYKGETES) - DUk —EEThEEMEEE
SO EK R EETEEN SRR st - EEE
T =T FEESE (Electron transport chain ; ETC) T F{HiX S
BETHEE A EE RN - ENENRE IR - fefE s T
O, - AEIRABNA RN ZEAT98%ERE R IEFER]
Hho.2%2.0% AR GBI, - GEEEHET) - WEsoD
JEE e DURHE e (P B S ETE R - RIfEO, T B R R
=00HT (RHEBEE) BFE=) -

o |

—4— =
NE
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Rl 5 0 St S N S S e q.4¢> }E

EEEAIRTERES H I S A B R R AR AR R T4,
TR TR - BSOSk - WFAR
GSH + OH" —> Hy0 + GS™ —255 GSSG seevermeereenenrns (1)
EASEH » RIS A S WA SRS H IA(GSH) » fGSHE R
FEMMEANESE [HMinEE e H RS EEEEESE (7 -Glutamyleysteinyl

synethase heavy chain; 7 -GCS) B8] ¢

SRR -
7 -Glutamylcysteinyl + glycine 7%, GSH teererereereeeens «(2)
. AP N
MRS E AL
Rough  OFERS NUCI;;}‘([ pore
ndoplasmi : S I )
le'E'ltigll.?lum - Nucleolus ﬁmﬂﬁ*&
Al Nuclus

Nuclear
membrane

Ribosome

Golgi apparatus

Centriole

L
Lysnscrpse
N
ST W N i
Smooth ) Cytoplasm
endoplasmic
reticulum
Rl el

Mitochondrion Cell membrane
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ZosHAFIEINR 2 1 - TRERRARREEDX R (T RyBcl-2)
TECAAEARRE K EEHER - HiEAELZOHH
COZESTIREE - ANSRIEAOH % o ARSI GSHIG iR
L EMERARNTEILRESINEILILGSSG © il » GSSGHLL

SHEANGSHEEEE (GSH reductase) ZHE{LIMFFE (Regeneration)
EEAN S B AIFEENADPHIY S8 (0 NS FEFT )

|-I Iu[l

GEHIHIERE

SSSGIHEE®)+NADPH ——— 2GSHGEEAN+NADP* -++(3)
S EEEEAYEETD (B 5% E hZERgaedD)

TNADPHRYZIRA = ¢ (1)4M IR M 5wl % 0 7S 0 BR i 5 A
= :cose-G-phosphate dehydrogenase ; G6PDH) B5& @ NI IERTR)

“lucose-6-phosphate + NADP* S57P1, g.phosphogluconate +

= JPNADPHZRF] A fR B A9 AR BR R AR IR B BE (Isocitrate
‘chydrogenase 3 ICDH) FT#diE (1 FFIIERTR) -

Isocitrate + NADP* 22 @ -glutarate + COs + NADPH....(5)
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Fl e 5 7t 30 S (.}‘-4 Q> \

ENADPHA ERF - [H140 - ESRERE (G6PDH deficiency)] *
GSHEYFFAEH 7 My - RIEREECKE H HAHERE TR R RS
Il E S LEBIEEEC - SRR IERETT I SLEA TPHIER

» [T #E BT LA T

540 [EfRRMEERER R e R AL E(H02) HIEES)
» 2 E AR - HEFEEE = QORI E R 2
BEBE(LEUKFRE (Catalase ; CAT) TEAERY © CATIYAE(L S HEAL
F:
Halls .S o Haly# 5805 soiiasiomiaisiamraion ®)

B4h > RiREENE S — 0. B » 8.2 R H ik
%L FE(GSH peroxidase 5 GPx) * 'ERIfE{LIIELIT -

Hs0s + 2GS =25 GBSO + 2He0 ssawswmsvvsisisis (7)
TSR ES » GPxAYIE M EHEEGSHE RIS S - 1 B
HIZRRARECSHZ & B % - (RAGHH AMES: 2 B hEFE
» Kl R RGP YIS M

A - e B SRR e S HERT R - BT HEE EaR e
.02 TTREIHERANEE ©

Fras R tE b 2 iRy - W RARRESRVE S | o T IRR
SEERE - SeREEEEEARGENTELEEE L B3R - &5
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CEEEEE X @O T LA RO REERTIRE A

R AR - WR TR AN

CEEREEEERE E REAER

ST =7 RHREZ = KINRES AR ¢

=asEAHATRZLEY (ATP) -

SR 2 NADPH - $EEEELT 2 BB B B4
=generation) FTEsAVEHER °

FEREEUK (Hp0) WBTR &L B HE (RS Y RFE
%) s

"‘ —_

\
Hﬂ"

I':1Iill.

!

E=FEEY) (ATP » NADPH R H,0) ¥R RGN FE1TE
L EEEE R R D (B o RATEA - —ER R G
EREARE (Pyruvate) HEATCA cycle (EFHEEIEIEIR) 1] 85E

SATP » BEEfREEH -
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AR

~
~
e

Pl 3 o S S s (%4 O
4

I . RigREE < = RTTRE
o1 fift

e <— | ZEEEIRG

<— | ESERREEST

(D). FEFAR -
1| @smmmers -

/ AR
S A5

ros -
LA E R
(ATP) ¢
NADP
GSHiz/REs Al
NADPH 1o %ﬁﬁ?ﬁﬁ%ﬂﬁgﬁ@
B ARG
L A
A I ik (NADPH)
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YIRS

fifa:

Frappe s AFEREE SR ARE
EERGRE THURSERE A f5E
(EFTEE Z fe TR = EhR
(ATP)] -

ATP fEHtRE={HE
A PRAE R SEAE -
4 - LA RS

it AR -

B EGEEFERIRY NADPH - £2

R R e IR M E TSR — %

WEH BK (GSH) FRAERF - iUk GsH
GSHIEHLTE

GSSG + NADPH —— 2GSH + NADP*

(S EALREE T kA (ST IK
FUEIERIRE 1ER) Hpusafeseds)

f Rt~ EEETT
#UE GSH - Hllig
SMEREER © TA
R s A E e
HER -

BRES (pyruvate)® 235 E AN
{BE2 (TCA Cycle) EE4 ATP »
NADPH F2 Ho0O = 1E 58 58 #5825
O R e e SR | = | 2|
B (0~ R OH' YLLK H,0, (iF
M) ATAPR

0,350, %5 H,0, % 0H 5 H,0
CREEEEIT)

FSERERRE - R E RS
A (Double -edged sword) » FfLLH
4 2 P R i R RSO
) g AERE M ESEE
FENBCK A < {HEHA LIRS
FULRETINETS - R Bt B EhEE

A FH I 7 1Y SR
R 98% HIEfI
R R - Hp
S5 FE TCA Cycle
HEEFE R K - {5
EEWmE G - &
a4z PO e 1
T A% S JEL B K
AEBTEIPLA
1B - A
RIBREY » ORI
HIEA St
815 - [HERA]
H e R
» AR IRFERL
oA RN AR |
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Brat e B E L& (H0.)Z8E | (D

JIRZE - EEERRIEARTEAIE | H02 25, HoO + 120,
HiERE LSS R (Catalase ; | (@

CAT) » B4b » ‘Ei145 GSH @S, | H.0.+ 26SH &,

& 1EFfg (GSH peroxidase ; GPx) * {H G330+ 2H,0
T GSH Yk NG - EkzsnAy | DRI SR

A< GSH fF&1% » #EHEk CAT K GPx fiE
B GPx ZiHME S SR AN e - | {EAE -

(b) NBIATETE B i ZE I 55 KR IR A2 ETILER 2% 1 B SE 405k A =9
» PRI 2 1 e R0 20t T P R A

(0s] = (0s°—1 > [HeOu] > [ HOCT]

NADPH l CI — l
FqbiE =

(1Og ) — R&=IfEH
(BB

A1 R+ ARIENADPHA LA (NADPH oxidase) ZfE1L » FE
420, » B B AR BT B LR L H,0,  Ho0, FTHE
HEEEELEE (vPo) fEMl - DURGEEET (C1) Kol @ TEEREA
I (HOCI) » Fet&RHOCIFFERO, - BU¥HEH (E&EEET B MELF
HIRFEAERESE (Singlet oxygen; '05) ° FHEL E434T » BIAESEIL
& (H,0,) WAZFERER » MEXEEREO, - S1FEAATE
BAA RH IR -
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CEIATETE E R = ORI R AR AL Bk B R

EE - ALMIRAYTIREZ HETE SR EEZ R - ML
TEREERE A LA (Hemoglobin 5 Hb) » E ]2
S THEERMES, - (ER)  FAEEE - Ri&IRa]E
CEHBE - (IR AU - FE AR AR G
CLER o SRS AR S (Vesiculation) () o BRI R
“= = FEZAMES (Scanning electron microscopy) * A] LLAINREE| kL

ERATRE -

= g
— BT

(B 7. LIRS & 0% 1 MLBRAE Y H RS

B m 3K

REMR RS FRARZ IR &k )
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HCRLIMERGHE B AR B 1THOR - R BRI S (Vesticulation) -
AR AL (B LD BUAEYIFERE - ik« (HIS— 22
fale = w R I Hb A 1R BE I IR A BPE IR B e 25— ~ @ H
HYMUFEEERIAD - (RERRIEEERSE -

—

G5, (A) IEWIALIIMERTEE 7B E F 2BNEE

h
X »
g . .-'_-_-
o o i 3
y
3

-

18KU 3 .SBKX 2.86M 8256

-G, (B) ALIMBRA A LEIBERIR 2P Ry 5

ey

18KV S.08KX 2.006F 8247
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) SRR ¢ o R AR R R SRR HREEE
Lk -

) FFRER TR BSOS SRR A —E R E E A -

o RO - SRREIE DA BRI

® == 78 (Ultraviolet light 3 UV) A — i b o L SR e T

= E s

bt

|

l

|

oo 7 Bond homolysi . .
A B+ UV Jong omelysts A + B

o == 7#25] (lonizing radiation ; IR) JRA] AL E
AB —2— AB" + e’
1B i+e” —> AB'C
AR'-+e- — > AB" —— A’ +B’
o < 5rZUfi# (Water radiolysis)
5.0 B ne” g
40" 4+ H0 — > OH' + Hz0'
c. "+ NyO + HO —> Np + OH' + OH~
o BEETY  HEER O K TR HUE SR ZITE
zE SRR ESE (PR - AL REEE (Fenton
reaction) ﬁ&ﬁiﬁ’ﬁ%% FEE AN ERT) ¢

Fe* 4+ H0p ——> P’ + OH" + OH" 11
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P SRR S S N S 5 sl q,q RN
/)

(d) {EEEEG PR AT ¢ Ao AmuROnml -« (258 « BROLITH « B LDIRES
VIR » ST AR g -

(e) FalIR DL + BETTHOA ~ 2l B - B SRS
» PFEA A -

(4) BEHENEE (BEFROBRF) |
H RS BRI - RS Sm I SR 2 55 R Ir e

YJELE BRI - R ESEIER AT

(a) HHIZE SRR AL - BT RSN - AN 2 Fh R RE 15 Pl
A AR TR R B e 3 4 VT L ST L 3 A S
» (B L IEE & A BRI B B 0 M R 1 - B AR
DAL - LHBE BN - IR RS e
Fréadt - e BB AYTTE Y (permeability) B0 » 7k 43
SEAEANA » EAEIERIS (Swelling phenomenon) »
A E R EENRRY » SEBHIMESE (Necrosis) « B AT AL RS
SRAVEEEAT T AL RRES - (AR S B SR & 2R
EMEEZL -
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£ HIEEIDNA GEYYITT) MU0k © DNAELAT UL IERs - Iy

2 HEEDEmE (A—T ;5 6—0) HAIBIBCEH K - B
s mJﬂZDNAHxH’JﬁﬁﬁéJZ@%B’JfFEFﬁ% —HDNAH
= U TEARSRERIRYERIE T o FTRERR A IR B HE
=785 (Mutation) * BLA[H %’LE@ET— - 5540 » B A
EERGNTE LRI AN, o 5 EE LG K A SRR
FITEBUEAITTRENE (B - B4 - [EE—IRIE—EH
EE EERTEREIEIYEHE" (Cancer is a mitochondrial

o 4

“isease) » LIRS B AEER RITSE 22 IR I e e R R SR i

DN ARYZEE R IF AR B E - EEiVR R EFEER ERL
SHEARZNEBE  SLiEEE CAYDNARTIE K ZE 8
SR -

« EHIEEOEDNATRIEE « B B YN R /5 =

-
- — P ‘
A~ 4,-;(- — ) _,; P = 1:;
A g N
F N\ .. ) 7 4
F . o/
4 :’1"_ 1 - -;.r’ ' =
o _&v y i'__ I'J w
_.’/ _‘-:,i : P’,’/ J!J"'
- — EPL V',
L7
/
B L1y

A B R i B R )
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(c) HHEHEATUWEE - BERAERRBEDE - K
e FAIThEEE: » BEE B E AR IIREBUE CR G R
T HEEA - 5IAE g ENAREREE - BiE
S o FLHEANNERDGRREBEANE(CEGR
EHIEEN: -
fay » \BEEEHIESZE EHBRHEE - GBI

ARG MERILENTENEZLHSR - REEFRHRL - BREHL

TERG i - B T-2ATETERRIS I BRkE - RRELERNE

TR R ] R DL R A LR RSB IEEE T - R EFiRE i M i

Ry B R AL IR G IR 54 4B DIREN R LA e DA

DNAF B -

(5) H HIBEHLIEIR Z PHE TERT
REGEMBEBENEE  EEBLUEAR - SCETT - BRA

T RO SR B - FELERIAZ - BRI - LT

i% (Cardiac viability) DAIRITRE » METURGEFE T ERMITAET

i o [HARMESHEBENSBREEEEEN - EMTLERESR

FEARER » Lt 2RAREEmA (double-edged sword) © IE.

KSR EBERERRETTE B8t gEd 8 BT

5 F Y PERF (Determinant) » K PLAESIRF A S AYTHAE -

A HEFRIEROSIEFE LTI AE R TR IR -
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FEEHYRLBEEETFEARNSE (Obligate aerobic
- TEPR BB » EEEIAK8-15¢c.c. Oy /min/100FLAHHRE
(= RE BT KELESEL 2152 (3e.c. O, /min/100FEHHHRE
- R EERMMEIGEDRR - TR ENE SRR E
T0o.c.0,/min/100TEAHARE - EFFHILEIMINY LR S S
- NREFRHE R SRYECR - R OBV DIRESR & KR o A 0 0
EOARNFHFEEER - FEERA R PIANEREIRS: (Hypoxia)]
CLEBERREREUE - fINEE S 2B EE —S8LA
‘iric oxide ; NO) Z4ribhe » KL SR MERRE (Vascular
one) ~ L JLIRHE (Cardiac contractility) DU EAHAYZIRE - BritbZ
- FRBIEEAIEME S (Reactive oxygen species ; ROS) * HEHt(E

= SERNTF LU ER - dlE bE g -
LBERESIR ] — e G - ORI (fued) ZH - EfEEE
Z95E (Fatty acids) ~ fij&ibl » ZLBS (Lactic acid) > B8 (ketons)

]tH

L e iEEM (Amino acids) o fEEFTEEIRIGIREET » NEIGEE 2
TEUEERERAVESE [ KRR ZEREREFA (Acetyl-CoA) HIFEfE
BRI SR - ]
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»

A\

Fa
[
L

i
(B3

S et N 3 S ol Qﬁ‘}\'
Ay

R EE B tiE{LfER (8 -Oxidation) » H = REWIR
(1) Acetyl-CoA ~ (2) NADH (AR IRES “HEORF A LUk
(3) FADH, GGG —RCEBREIFAY) - R TCATRER TR 2L AR
(BRI A S HEHI AR » 9% SRR HEERIFD) » ANREERF

» ATPEER AN » BB FHATPRIREZ A - [EIIF - Frifds
FIFFNADHEL S FADHE A TE T-HES# (Electron transport chain

; ETC) REAATP « ERAEEIT » LS EH EFinEEE
HHEENEE (BFREA) - BRI E M AEE B E
A 2 FEEAYRE - RIRIRSUEREL (Oxidative phosphorylation)
AL (EFRAREREEAD o R RAER A R KA RTE A -
A E P s E A E -

(0:15 10:-15 (H:05) 5 (OH"] - (Hs0)
GREALEE Hr —)

fEEEEE T » A=A TSR FES - HphH il
HEHELGEALE (BHRELREY - dfEEER - ARERE
EHE) o 534 - BT EEER - BT IRHZR - e
BT ESBAREET (Superoxide anion 3 0,°7) » ERIELZIN » —
SR EE AR E EE CLBEPD) - BlansEEe AL ~ NADPH
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= 2B » Cytochrome P-450%EH @ BihiAE HieE L - k—#A1k
S SEHEE(NOS) - (M T Bl A R B T A AR R AL hH R
=FE-F(Peroxynitrite, OONO™)
_NOS
02=) + (NO) — (OOHO-) (g  MRAAEEE)
(SRR RE2.2)

PO E—2efifiE S8 (Cytokines) [TNF-a DLRIM/IVI A R
+(Platelet growth factor ; PDGF)] LA K 1o 8 52 I n JBE %
‘I (Angiotensin 1T ; ATH) 0] 4 HEHE -

FRIEL E HEE A BT SRR R R {Tue 2 (DFTEE ALl
& (Oxidative burst) FIGLEAIRANIE (Phagocytes) FTgi iy « HE
SRS (S BB R T » AR — LR A L R (B
NF- £ B, AP-1) ° [fiiE LB SRR (BIZNTNF-a,
IL-8, IL-6LAKIL-18) HF[EAKRKEINEHE - 5L - EEH
AR KR » SRS (Inflammation) » 11 B3 AT =16k
R A T ey EA - EEEMEEE - v E &R E EHTE
SRR S - S GEEINE] - JREE ATl 6 LB R
MERAZ IR T (Apoptosis) * B REEULMEEREYE (Cardiac failure) ©
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AN

~
[ad
e

P S R 30 %Q\,}
7

Eri - BhEEE GEULEEEELERD SR ERERES -
NBHER - SEBET ARG EW B B R PR R B IR
k2% (&0 - 1R\ - BOFEEREE RAEHERILE

» BUEZALAE IEAHRIRIRA R » (BRI RY

B BG4 ReyEs - 20145400 T RETH
RIrf » TEENEE ~ DS ~ BSINAEER ~ il BOME PRI 43
A » T ASECIERE S - 1S HR{EHS (Chronic degenerative
diseases) FA5-HIE - AEEER - "1o0AAIETIRA » He6 AL
ISR L » (2 TTTHRYESEH - BEEE - SIS MERIEN
TEXUEEALEE)) (B BESBEE) « KILL - {[ETHREE: (Preventive
Medicine) HYEHBNIS » BEFIEBIRE KA LR T ETEDGIE 18
MR bR 4 - S T EEBREENRE (EEEZ SR
HEAMMEAES - 0 D EREEEEARGREE - DU 2Bl fEie) -
PLEE S ~ PIHHIE C AR PUBUR - 28 8 MR LN TR SRS
BB FEE MRS BT LR ES R - EERME
FHEFIHE  BEEAEE - e ERuhED SR LER 2
4 o R -
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FHRHAP0 S SEZ € ')
Z1ik Aging/Ageing

Z NAATECRETE)

Alzheimer’s disease

ZAREIRE E Atherosclerosis

L IE R Cardiovascular disease
EERE Diabetes

ZXRIE Inflammation

Inflammatory joint disease

LRI -

FRGRIGEE Neurological disease
IEREAE Obesity
ZBRRIKEE Parkinson’s disease
TR LIE Pulmonary fibrosis
ZEIR Rheumatoid arthritis
TEERER Vascular disease

B RERIKE Halliwell K K Guttridge R A& < H FHE A58
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0 0 R SRRl ¢\}
t |

(19) AWy (RALHER) e b H i Bk

(1) |ILE ) 2 7% (Oxidative stress)

HEER S £ B A - e Sl oS A IR S
BEC B SEEAZEHE - EffgfRH—RY
LR - EETIELrIYI N - AR —E RS TR
LBz « BEEBE AL « AR b EHE (Catalase » GSH
peroxidase ¢ Peroxiredoxin) 55 (FERFRI) » DU —EE MR MERY
ING AR - BIANHEAEZEC ~ BER B -BHSERISR - (KL » |l LA
PR S A W AR e (R EEFE) 5 — Rl BGE H 2R
fES1(A) » B — 2D HEALR S RMIIBE S (B) - Hia il J1 i
SN - i L2 B E H 3R Y 7 BRI A BRI DA (B R
SRR BRI AEE T AL S (RS EIER)
(Oxidative stress) (FEFLIEJL) »

(2) PRSI A AL )i il £ 75 Z

HFS R RS R G RDR AL - BhE EPTER R LRET]
(SREIFERD A - REE  RREXHSR - Ky T ERTEIER
fite PN A LR RO R AR - DUERREH - ] DU —H T
PRETRUER »
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L =1 HA |
1Ay

[ Free Radicals + reac-ve oxygen species (ROS) ]

0 =y
[}

MR

EIET B EF ¥xad BRASAARE TERE
: B id . -
w | e TOCe e s e 0,+e=0," Radiical
" HYOdrogeEn|. ..o 0 - =00 .
H i AR 02" + 2H———H:0: =
0 cerGiide #HPAEa Nen-radical (ROS}
et
. H,0, +0," —~30H +O0OH" {Harber-Weiss RX)
5 'I—H,rclrc:-pc\.rlgﬁ;i
& | radical s H,0, + Fe?* = OH™ + OH-+Fe?* (Fenton RX)
| 0,"~+HOCI-> 0,+ OH* Radical
ROO Peroxyl radical |33 A ek AMAC — CAA 4O, "M C C lipid pergxidatinn
z [ product
R0 Alkoxyl A RE LB AN - Radical
- g e {Membrane permeable)
0. Hydroperoxyl | #3484k 0,” +H = HO, Radical
i ” = Meutrophils
H.,0, +C1 HOC+ OH
HOC! Hypochjorous S i e B HA
acid HOCI+ H + 1 e Cl + 11,0 ’
Mon-radical
o Chloroplast
o.:'8g | Singletoxygen | BB & 0, +hv [ph::)tosensmzamn + Rose N e
Bengal) 2 'O, ;
< Radical
-on0- | Peroxynitrite |2 RACEHEL [ 0, + NO--> QONO HOONOSE 35 B4LA] -
S ¥ 1 QONO' + H* = HOONO OONO 7 # Sk & &
.. ANTI-OXIDANT ENZYMES (B) N5 —iE S IR
(7D
ExES Kxts tx2% REA A
e T A A R ZnCu-50D (cytosal)
s0D Superoxide dismutase g 0.7 +2H H.O, Mn-SOD (Mito-S0D)
— i AL AR - Ay G R
ZAT Catalase REEY IH., 2H.0+0, peroxisomes
apx | Glutatnione & IRH LR H.O, + 2GSH—2 (8 G + 28,0 % RGSHALHES
peroxidase 1L
. Glutathione BB E g P —— e ik
GR prirrbin iy (iSSG + NADPH IGSIT = NADP 7 NADPH
AR ALE = o
gt 10 j iy § - o o A ]
°RX | Peroxiredoxin Rk & iUt O, ¥ Iy =Ty, ¥2H.0 RoRdoEnk R

(TR = Thioredoxin)

5-5-PDH

G-6-P dehydrogenase

B AN

GOl + NADP -

.4
6—P — gluconute |

Cytosolic source of

Mt Ao < NADPH NADPH equivalent
coH | lsocitrate A RaUR Isacitate + NADP ——"— NADPH Mitochondrial NADPH
dehydrogenase HBE ~ukG provider
-GCSh | y-glutatamylcysteinyl | 4 peH L&
& synthetase (heavy mEE TR 1= glutamyleysicine + glycing——-— GSH provider for GR
«-GES| | chain} + {light chain) | %24k LisH
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(A)
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P ERIAD)
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AqLRES]
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a. /N THUEL
FHlGHEZE )
b. LA LR
(B)

;

AbEET )

ﬂ: e *a[.\Hn"'rf?Jiifﬁ'Ti
FlERMR UREL

at: (ACERHE HENIEETT
BREVIELRT GRIL

[ p S )= 3 J‘HWEIB@E&JUHMHH@H’J@—&;
(PR THEOLE

i LRSS )

%L 25185 H Barry Halliwell 52 John
Gutteridge ] R E Eg B2 RH -
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FET (AT LUER— RN 1 2 B (i
ST EERABINT R TEME T iR ane
“ BE—-EASCREEEET » ERYTERE R R

IR TEE CAERIEENERS) o BARAEEst e -
SRR EIER ARG - FEASHSZ EUL R S - s
CERY (B H AR R -t E R A S N B [ 2
=E )] 4 NEEEMIRIALIER (Erythrocytes ; RBC) » HY
SITNRTE E AR - W PIELBIAR R Bt e 4 St
IRV - MR - (A) BIERBCIEE TS RS

L ZEIRR SRR (Donut shape) » {H— E 8248 LIE 705 -

SN ATR AR IENBI S (Vesticulation) BrEE4: - e B e s
TEBOEEAIMAYIES B C D E) -
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3) AL 2 IR Z DR B

i E R TOR e - DEEEEREEL ErvRRE - FE
=aRiE LR (A BEBRSHES) G/ - EEFEACHE
2222 (Gutteridge) TN MSHIZEE  RAEH AT H HENTT
=-c Radical Research) ZBEIRSHITI L - Ml R HcimAbBEI{e
7 EeE] - NEIE SR A\ ASE R - Horp AR - BREERR
SERHWERBEYE GEBMET) - (HELESE - HE TR
ez b IR B L% (Chronic degenerative diseases) * {5l
0 R ~ BB DI DA AFRIE (SRR P SRR
) WEEIEMEE I - PR ERIUE BORE o B LSRR
ZiEd  REMATSEEE RSB 2R - EFTESFRRIET
== RSN TRARBEREREN - LRRHEERNE - B2
= = WA E TR AL R RN - MR R - A
= LM F KA BE R AT A LR Ty - TANERZ A -
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7y

S0

2w

== L. &5 A-EBRE-F 5 BHAERL T [ P w3 P R S W Y 1 e | PR
<] lr"—J" £V L-h = I".'I'.Jli| 'f: TR I 15 "J‘ = il ri-Tll J1Re
. !—';l-;i_- - 52
T 2%
iipll| i bl 2 53 A i

HIRA TR L Bt A i F

ENTHAAEBMGET OF 5%

l 3 (04, Ho02 Br HOC) {RERZBHA e
5 HABEY Sk 2532 (Toxin) ATiSRY i | PHAEILRR (CcCly) BRERZED
= [ HEATE G S - P EEEZ PR -
4 S P 225 (Transition metal) # | AN S RHE A (HrEk
T | BRI TRERT RS B - | THHE -
4 FR R B ¢ TR alidie | BEPRIR B4 1R 1E A i s
S SR R EE T [ 2 B - JEE(Pre-eclampsia)
oSSR, S el i AR LS
5 Elﬁiﬁ?ﬁﬁﬁf%fmﬁitﬁﬁnﬂa% JUAER (Atherosclerosis) B FCEE
B BRI - (Down’s syndrome) ©
T —— ... | BETPEEER (AT [ A
6 | HPHIDRMAEERRBEEIE | g st @ (Comeal
FEAFTE | 882 I e
S B A S e B ST A B i | PAIIE (Cataractorgenesis)
7 | BHEZECR (eGR4 AR B it | SRR SR IR AL R M E
A A A{ERE D) - (Hyperbilirubinemia)
P24 P % i (Chronic
4 F LRI B (Gene defeats) Fif [#E | granulo-matous disease) B4

ZE B EE S | B B -

ik T IAE (Sickle

cell anemia) °

LI &R E Gutteridge S AFTHRGE B R
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(4) ARy B2 PR b 38 A2 2 B
(i) VPR 18 [ 2 e P g 1 B B {2 R (B (Z B AR
PR EREEE ~ BEERAS ~ /LB LLB ARSI
% ESLESER (B REEERETIS(LREC R - M
AIERNBREEDD - ERS(LEETZ2am 4R - 58
LA R B e o B[]~ R REG BR B ER. (Methionine/Homocysteine
Cycle) 2RPERtE = » IMBIERBAZ o A+ —FrR - B AL ER
(Methionine) & 20FEREERE T - ME—HPE WAL (CHy) ZhHRE
By HoE RIS g Y - (EEITHERIZIRE » Bl
AEIEL » $E 2 EAAHILEGSEATPHI IR E DI aE 5
(Adenosine) A fef FHEFEHEHIVINRE - E FRRILER B #S
BB EY - BTESAM (S-Adenosyl-methionine) + Ik
SAMEE I FHELFR (HASDNA ~ RNAZESZHE » EEIETRZ R
EEHAFL(LSE (Transmethylation) © SAMATHEEEZIRE L 1
FIT 2 %548 - 1878 SAH (S-Adenosyl-homocysteine) * & SAHZ
IR T T 8 AL 9k Y BT 2 & - BIEK ks B 38 19 [R] 3 B i 1
(Homocysteine) o L [F] [z e B PRI IG B2 o A5 41 2 [R] LU
HE A T — (B RE LM T (KRR EEC A DNATE )
o [FEBEREER (CIHey R AT CLFF4E (Regeneration) » {
e s AR I (BN 3ERE ~ BREMEE Sy —7E) - DB
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St ol S et S 30 S 557 s Q\‘ > }
/ M

fE(bEER » R FALER S A (Methionine synthetase; MS
TEMe R MO EREY - AT - DL EAVEARE - TR
PRI E (Remethylation) © S Hcy 7RO A% f 75 SEME 4E 37
B SR LR - TR EBR A S (Transsulfuration) = HAHES
— (R A T Hey IR S — TEIE LRI Fh I BR (Serine) #EH
FE4Cystathionine i il f¥ ZX 1§ Ky Cystathionine [ -synthase (
fHFECBS) » CBSHY A —EIREE R (L TYIIE » EAIEE

(Hydrogen sulfide; H,S) :

Cysteine €8S _, Pyruvate + H,S 1

& CBSTE M FRERS » Wb S ERREZ T - EIt - 5%
{lSHE (Dementia) » FEEHZAFIRENHE - HERSELHR
4 » TREEHEH, S . CBSIE MR

R AT - AOSRERRRERS (R It E B R ERThREAR £ (f1
AHEAESRB,,  B,LUREEREERD) » AlHey A ZHERE » (RILb @R R
EEEE (0,00 %) - 5 [BEULES - iz AR TR
% o BREERBEAE EHRTFEIEEEE - EEE R AERN
FEHE » ACBRET S LR 73 i e B 1B R AR 238 A o R LR

- ks
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S B [~ P e B SR MR R 2 BRI 1

Methionine/ Homocysteine Cycle: Critical etiological culprit of
chronic degenerative diseases

i i lfe s
(Methionine; Met) \r ATP

P FH L sz g CH
{ Remeth}lalmn) [ ] I S-Adenoa}rl—Methionine(SAM)]
~CH, ~CH, (it HIEE5E)
Folate R fj&fﬁ-l DNA, RNA— Cancer
(\,mihmmne synthetase; MS)

T ~AEE )\ Vitamin B, as coenzyme LA | fg e

SH (Transmethylation)
(ILD [ |
Cii /F D11 R | S-Adenosylhomocysteine(SAM) |
2~ —_—
OH* 11 [: fﬁ]‘}ﬂiﬂ?{% N A ——
, Homocysteine; Hey Adenine
B - :
ATEHE T B A T i 11 Bering Cystathionine A -synthase(C 8S)
(Oxidative siress) (Bg-dependent)
i~ Cystathionine
1 [ﬁ[ﬁ:ﬁfbﬁ!ﬁ:ﬂ () l Cystathionine Y-Lyase(By-dependent)
~- Y
v v v v Cysteine T A T i
i f; o )}E + E—Rilubutyrate (Transsulfuration)
it ; Hl
i i
"i Jkrl GSH
# {1 %
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(i1) SRS T fi 1 2 DN A5 1 e 5 g 58 58 B B0 o 2k 2
et

PPN Z Y E EEE AT (BRI GUELRERD SEiDNA
gl HEAREEIIRES - B« |ALM ) S8R E R AL Em
(Lipid peroxidation) » Hig#% /g V1 H A B (Aldehyde; CHO) %
Yo BRRDN A 19 i 56 7 7 065 iR A 28 3B 35 I 1 & W) (Mutagenic
adducts)  #5 ¢ j8 B PR B2 36 TR R T L DN A R 3L A9 18
B - G RIREIE G A SR LA L ER RS AR AL DL B DNABE R 2
o - Bl 2K - ARV (E 2 A - R =R - (1)
WEIMENEL (Hot Spot) 288 ; (2)MRAL . [ SSRGS A Ml
(3)DNAZ G AN « P » FDNAKEBEREREHEOCE - AR
DNAREELZ RNUEREYE (Inaccurate replication) @ jELEKZELES - 1
A GRS M - RIS - Ry TETARDNA
Pn R bR A A baE - ER S T rTRESELEETT » #
TR s M S B GERE=) -
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BHHREROS)| 1
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SEREEREL |« | s4mh | —[89F My

v

A EAY& i

KENGHEEIBIRTE(DNA base)iiE

YIREEADNAfiS L
e g3 AL &8

v

v

N

v

AR
{1 el
W

v

¥
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v
HEHENEE (Hor || AR T | | BERAER
spot)Zeipy || HIEUELAS

DNAREH
AERE R R

W | e
v

> | FEAIZEAE AT
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(iii) AIEWEE T (sE A (L) Bph R 38 2 2 bl -
EATE (A) s BENBREEEEEYEBRE  BE

ZFE T EHERL (phosphorylation) » HERE(S B HI215 [ IES
T EEREAE RSN EERE VYA (Glu 4 transporter) » 1Y
CEE EIE WM R A - BREERE R EE ZHUE (Insulin resistance)
ZEESL » DURBERIBEAIEE A (U0 IR
o
el mxEn | [ e
EH At

{EFERIMBE (Hyperglycemia) 638 F » SF8BOKE H H1zER
vE o R )k Ak B Ay o NI B A BE R B R ek I
(transcription factors) ZKEFEHE + DLEIE L — 26 b SL il v i
(Ser/Thr Kinase) » i JRIBEE 3R Z AL BT pE iR {L - (EISIEHE
BRG] - YRR AR E O RS TR 5%
7 75 W 2 W M B A B % o DA BRIV 5 32 b Tk B A A 08 2 1 S2 1
B iR (AR EATR)

/F—\
o [l Bl o= o
J el 1= é é I_ i—i:
e

IR :
2 b WER| | wsm
HHE 11> 1k FUE |e—| iR oz

s memem | ¥ G
s | [
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&), FRaERRAEEE ] GEIRIERD 5 2R
o Bkl | Bia= 4’(Insulin) ]
‘ Jiek B SR i (Insulm receptor) |

| QF?‘“‘H[LLLF&M gk |
| PISKIES TI B [ AKT T

uf’aﬂir%ﬂfif EEEHMYS T

Glut-4 TIdIl&.}J()TICI
B

GirRTHE R R T
~EE-

BEEFE P (Insulin resistance)
ENCpEd
SR

(Diabetes) AYHEEr

(A) IEEER

[+ PH(B). FiziERERIHEILIE )T GRIBTERD & ZhERAS
< FH

%Mﬁﬂm§§mm@ TR RRE L AT

— > EBEEEETT W e T

= :’ / + 4
Dlglt SE P [H: [ kst siae 8
T S oy

‘L_ NF-kB, AP-1

mRERSE |EEERT
:%‘i A0 (TNF-

u}n

.

, IL-6T) 'ﬁ!ﬁd#@
T LpESS

AR R T m

H,| fHREnass oIkl
FTBREZ 4 | BEERIE (DlabeteS) 54k |

(B) HEFRIERE
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pra r'l A T

i ok i

IR T R E S I TE R M FRSs i ThBE E 1L 57 BE 3R
ATE * E5E » S5 FRESMNHI S ST - AT RE - B AR R 7
HIZRER = JEfEER G ] BU B R TR L B PR T BRSO A Y (1)
R A i 51 LK PR o 3 2 S AR (L AR R R
RTIBEH FRES LUIEIS + (M SE R T 2 I B ES[E|
FELRE B S T » MBI 1874 - MABIA T T
BRI SR 5 B AR A LIRS [ANE-ru(B)] -

739 > BT TS R PRI 5 — (B S R R T B E ek
RRUE (HGHRRIIG) ROTURESER - BGIE = © (ORI
ZERN OB FRBEZESE =& (Uncoupling protein 2 ;
UCP-2) iZZRERENN » [KIL » RARRE S IIRELT » AIERBATRHY S
BT - IERABS O GAMLIERD) B - WIERME A EBIGSHZ £
TR DL B R AR H 3m R - ik | ORI =N B 4
(8 -cell) BYIHTC » BIECHEFRIEIGRE L -

FIMER—RAYZIEIER E (Sleep loss) T FTRERE S (2B ER %
WEEEFZ— -  ENEALEERE - o PEFR A A nkiy
T RSERT ¢ (DRBIFIE T (Leptin) FHE » T2 AHE K 7
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(Ghrelin EFF) 5 (2)MERIEY 2 BEEE (Cortisol) B4 EME (Growtn
hormone) & L7t - iBLEFTRZIVAT - SERERMEREY =
HHhO - SERRAYRE R e BT ARSI S ¢ ()P (Obesity) J2(2)
LAMINESRAT RN [(H140 © B AR F (TNF- )] -
AWt a3 4 285 | 3 S LB ST « Witk - Hapi@nis Be
EA IR ES SR T LUR B TR N8 2 T S2 TS » S A B BRs (
SHEE 1) - ERES TREWAAT TS SE S LSS
FEPRIEZTIRE » 3 3lfA T
(1) SCRRTRAT F0E » ) Gl 7K B WS G S L B8 TG 5 .

(2) SCRK LA S » G577 ARG skl R A 212 J5 0 7+
4 (Fibroblast growth factor-21; FGF-21) [ 3§47 1 4

TR -

(8) SodF iy AN BE ARG 5730 - 1 Ik 2 P DL AT
iB -

(4) S57 7 RESIA 0T IR I B3 - R AF AR R IR ) -
SEBNFEBTIR IR 2 M -

BR 0 & [E DR I (Hyperhomocysteinemia) FH{ERY 2 &
{ERE )] (FHARRZ 2505 - #e 2B IAKMEAEREB) R+—) -
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Al PMERAE MR S (Endoplasmic reticulum stress) @ FE#%s | 25K
RGBS R AUHIIAE X (Apoptosis) + DL BER R A H
SrUMEIE - TIEAREERIR » @RI LAEFRRE BB E L - 37 H
FELIEFZZCE T (Anti-apoptotic effect) » EFRATHBBE R AL H
ik o

1. DA R 2R IR AN i T RES [ ZEREPRE £ B

ERARE | —{H,
|
v v
W] 52 B ¥ (Cortisol) FEARAIE R F-(Lepin)oilh I »
JraaR=2 eyl {H R BRI HE K] F-(Ghrelin) - F
|
H, v
T & ﬁ%ﬁﬂﬂﬁ%"ﬂuﬂ
v
Jy— B
%’?Hﬁ;i AL _|¢—]{(ovesity)| P 112
4 , WE;#%T
2L NN R e T Feras
T n = [ LI T{Hizh
2| BEZHNHIES
H, $2KJm (Diabetes)
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JFRE
(DBEHfEES | O) #ete% B, s Hoy Pt
o LR
75 B 1 i
OF ‘= 3: %57 a8 Hey 1y
BFRTET B,
G
(2) B DhRESL TR E BY%
(2) IR (o) BB At 2R E F A
(©) HRHRITHBEIE T
(3) A FERURE (a) HHEE ;5 (b) PR ;5 (© (78
Z ) 5 () VEE R o
() PR GG 2 R B R PrEEEILE
(4) 3% e e e (Methionine synthetase; MS) FHEALIhEE
SRR (b) Cystathionine B-7 Fk Mg R Tﬁgi—i%
Fea(Cystathionine B-synthase ) f;:%l =

=

® A% © Hey= [FIEDEIZES (Homocysteine)
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(iv) BALMES (R MLIERR) Bl i 5 ey 38 2 Z Bl

B T MBS BRI SRR 2 - SR LR
BEREEBIIEE (Hyperhomocysteinemia) R LMIIEFRR AL
B e o f—IE 2 ARavEReA - I BAE U R S (B
BB - REARIEE S TEEHEAEA S - AMENLIE
IR E -

HBARGT - SRR (ERET - FRRT)
s FHIER S TE - (DBRRNEBEIEERES 5 (2)
IR B R 5 HE + FBZ Eshomocysteine thiolactone @ AEEZE
4 KERIMEPEEEERBE R (Low density lipoprotein, LDL
. FERIEERED) SRR AE (Aggregate) * M EARAINE
(Foam cell) » [FIFF » PRI By o R R B e A it 2 H FR AR BLib e
% (Reactive oxygen species ; ROS) » SHERME(LEESINIEES - A
(P E Sy s B B PR L M B A R AT R R R+ (DR BAHIETD
&2A038 (Endothelial dysfunction) ; ()ME TR NHHIIA EHE
(Proliferation of vascular smooth muscle cells) 3 (3) DS B S B
SLAEF (Lipid peroxidation of vascular membrane) 5 (DEEERE

E S {bA/ER (Oxidation of LDL) °
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‘ R
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EH e EHBREE B BeL iR b LactoneZ
. EMEEELE 155 7€ 4E (Hey-thiolactone)

&

J; (25 HE 8 1 (LDL)

(Foam cells)

EH =R 4] LDL-[7] = el Bl Lactone
: ¥ 518 (Aggregate)
-
= TR = B

&

&

3

L 4

A RZAAR S || A s LA
BERAH fEAEIEA EERAlL || BEEEE
(Endothelial (Proliferaon fEM(Lipid Elﬁﬂ:ﬁfﬁ%
dysfuncon) of vascular peroxidaon (Oxidaon
smooth muscle of LDL)
cells) 1
l .

i ol T il st e o N ST 5 ST i %

e =

EAREIIRIMARAE (Atherothrombosis)

60



AN

|
~
P

)

Pl S et S8 S s _(%4‘}\\‘
()

EMERE LR OMEENRNRBR - 5f& I EEGE R IR
IMFEEAE(Atherothrombosis) © ARES > FEEGEL TR T - L
PG LM ERREVEAENE 7 Bk - S0 F0EE - TSR
HYTR R Al (Rl B i BR IMAE AT A AR RYFR E FR AL - DU LR
BT » KILLET#2 B Ry E 4w - #EDARRRSE(LIE ST - FH
1L BRI RESRER - M LRI 4 - (KB EIEERZ
AUEER AR B Z R E S S LR - FERRiii &L -
AL - OISR o 8 2R SRR DR - DUERRTEBIRRCR - 38

» UNEARBEFE & 15 [F) DU e 2 S k2 BRFHE A= P
5 [RECHIAN « FERE ~ HMEA-3RB B,y I » FFIMEAESRAVATS - DUkt
fE gk - HER] SLE RN fE TRPG I SR LR T P e ple O LR
LR

(v) L) (e (EHETR) B8 AJRoRhe 38 2E 2 B -

HERENTIARIE [BAE I 221 BE (Alzheimers disease)] HY
R - ieS R E R  (HERFER - EEMES T "SLEEJ)” &
{EEREN - PR R RS S HiiE Ry S LR TIE 7 34
B B AGRER SR S ECHY - T B2 bEEEEsnuiein -
TEFPHERE -
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FERTHARE AR A A FE I - M RER B AR T EAYIE
(Metabolic changes) * B T ohiH » EE S ERHES B FE - (HEF
@A b - 5 ESIIRENIZLA (Loss of function) » HIAN

DR M I/ I 2 B B TR U ER (B R+ ) 0 B WK BR
(Methionine) AR LR HRAZEL (S-adenosyl-methionine ;
SAM)RY FE FRE PR - BRI 5 | 35 (R [F) - B IR BR AU BF 35 CBS
(Cystathionine /3 -synthase) WY¥EME TRE » ME&E 2R IEER:
Cysteine B THFEEIE M - fRZ R L& (Hydrogen sulfide ;

H,S) °

Cysteine —22 Pyruvate +|H,S
(iR [R]F-Neuromodulator)

{5 Ho SHY A SRR - B LA [BESIE (Dementia)
o ' BEPEE FRIRIE AR - R EERRAVIRZ (B R
ERHY) » DUR CBSIE MR RYBRALE » & 51 28 i [R] 2 e g I 1 AE
(Hyperhomocysteinemia) ° ¥ Al Bl Mt AN EHIIERT - 388
SYLEFRE G - BFEANEE R (Fe?) ARG » i H
S B A B RAEAIRIRY Amyloid- B LA TaufE FCE ; [A]IRF -
R R EFIENUE BRI HERT - A AERRSE(LERIEESR -
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R s S S B a4 P A R S
i+ TSR LR R ATRATR :
TR
CBS

N
RIS < €€ RS ——>» Cystathionine

(Homocysteine)

B2
H.0, T1
lz- Fe?" (BRI HERT )
S @AM | €M 11 on- |+ OH- + Fe*

ST R I PO Y B LR TN - AT ey S ey BB PR ik
2+ Hrp—fEEHEI 2 MBS EH—2Y (Heme oxygenase-1 ; HO-1)
FEMERNN - R MATE (Heme) AFEERIRZ - BLUEEINALE
BEHZAR TR 53R GUrhitg ZImeka - SN L
SLESRE - [EFiEgEEC - RREECE ARIRER
&4 GE2RET -

HIA @ 5 T L PR PR s e 2 - 3f HL e F ik o
W[ (Blood-brain barrier : BBB) AN HIIE GE : —Mbt
EALHI A B 2B BBB R EL 25 E A S RE ) - SZRAT AL )
W E A - 0 B S LB I IREE R R R SRR Z - DURCBSTEE P
% (GF : SRREEM A ER AR o KIELTEIEARRIER
RIS e RITIR ER (BERFEIK) FEECBRFHEASEZ MY (
HERS B, BB, ° [EIFF » A S A E i t B R TR E -
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3H < BB R AR R E A NE

. L WAL
(D{éﬂ\% ) (S-adenosyl Methionine)
ementia = =
B - Cysteine CBSHZE: gz
LiREs (1,9) |<L | iEtE TR
A (B S A
(Neuromodulator)
-y TR e 8 B SR S R i
Heme TSR I Fe*t —» Fe?* T
EHE || BH(Heme) : 3
= —> BV Amyloid- 8 L4
‘." RTauEH=IE
o HemeZ (LI =
AL | s« SUCEN 1] [H: |
e (Heme .
ﬁ%z’gﬁ“ oxygenase-1,
R HO-1) TR
| > :—'_—-I-\.,*:r]I_
| BARREZEE
% (Alzheimer’s disease)
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(5) PUAIERIGHRNTK L (Paradox of antioxidant therapy) :
LA (Oxidative stress) AJRERIER—IBMERLRS (Chronic
degenerative discases) BLFEIFE ~ EIRIE « MR LR Z A%
AAEAITCIX « [FiEE - FIEFE(EBRAH (Antioxidant therapy) 2B
ErRALES] » BITEEEERERINSEAR - (B3 S AN
PRI FEARE RIS » DTS LBAREE - OUEE  (Myocardial
infarction 3 MD) » DURSHHREIREE(LEE (Atherosclerosis) HIREA »
GRS GRIRIGE A B G PT - EEEHERAREE - Ji
* TR BTG R IER AT FE 2L 00 - s L= mE R
SRR  OARZTIELEIZAEE i) » Sk e
HEANLRA - 3 RO 5 B BRI IR B FR 3+ PRI P S HE R 2 A i
HHE - A EEILIEEGDNA ~ [FELERENY - SREiET
* (RATREA  RAXEE AR ER - USSR =%
RO ERRRTEE T o (B EATtLZER A B A o 8% B F LAY S A
EEM - 0 L ERIIEILRE IR 2 AR « BT DUR B A i
HIBEES © FDEE AR (H =18 5 BE A R B 2 1k LS e B E
INEH) ERERIERIRREIE LS - B KRR A B R EE S
BRI H K - DMETEINISE B » T RO SE TS 5% AR
% - R RIS b ohRE B FR AR L (GSH) RusaaRe -
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ANARALARAE P ERAY B B 25 - L P Ay 358 I B 8 P ik
(GSH) BtErfbuEFER M SR AL ABH K (GSse) » HFi4 (L
TERIGERRE HERETD) - BEEI L -

GSH + OH' ——> Hgo e BRI aa s s e (1)

JEE@E BBEE K (Thivl radical ; i 24
HyiEa(brE) wstHIKEBE)

G 68" — 5 CRBOE  siisnrmmmmmmssnmmmmmanenssamsmse o e 2)
CA(bTY BT - FESTEILEESD
32 » GSSGHI LIRS FRBE H BB IR A~ LT B4 » (B
NADPH{¥UEE (Cofactor) * AT F AT ¢

gz

GSSG .+ SNADPH 5 2NADP'4/2BRH »mrssasasss (3)

RIFR S TR HENADPHAY SRR & RS SRR &/ (socitrate
dehydrogenase ; ICDH) * 4 FAT= ¢

Isocitrate + NADP® _m_m; Y -glutarate + CO; + NADPH ---(4)

FHEEEZR » Rk A0 I B LAY EE J B8 E 4559050
» IR RIGSSGHE A A M LA ENADPHINBIERE S » B —Fm - =
RIMRERIFT R LB 2 T HEiEEh e . 5

M
if
L
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s
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AN A ASE B TE LRI T S RERE ARIARAS - B RTHATA - FEAER
1T Bk E B AR Y - &K - LIS
PR L AR RS ARESESTANECR » WRER LA
i BT R AR B BRI EERY B B EEATEL - (BT HY MR
{EBIRREZHBNSIMFFREE (Blood-brain barrier ; BBB) » #ffZOERL
FENS 2 ThRE - HTEPG IS R B AR RE R ERALEE - (DFFZ7K
2 TR LB IEIETEAZAYIER (Targeting strategy) @ FEZE
ST L% E %88 (Receptors) BYEEIC - MEERMARAY - HOHIE
BIRCR » EAREEE - G R - o ER R
BRI EVER (Redox homeostasis) » EEFLAALAIIE AR
=
B FEAGRAYTTE CRIERR TSR e s 18 E - Hism—
AR TR LA - B YRR
(1) PLALTRIA B 228 EL g FR AR A o B B AR TE - 3
S22 BALEASBHHEERFEARIR - B AR
PR DL R SRS L R PRI e ST -
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(2) DU IERIA B B AT SRR I35 B o PR R 98 09 1 F & (ol - J%
OONO~) » {HA~ 7 5% & TR 55 W 15 Ml 3 (0, - 2
H,0,) °

@) MAMALG A TR ERLEREEEM (Redox

homeostasis) °

(4) GUAALHIAS B GES I M0 B AR - A0 e
S PRAN IR A S 8 E 2 -

HH LR SFEAA LYIUER ST E A - BN R
BHWE < BIF » ERAATE LA - HAGRIFFE LA A HR
F5#U% (Professor S. Ohta) » RGEIUFAYHLTFE » IKNBRT —
fa ZE R PEHRR SO BRIRR AN A4 HY E ARBE S (Nature Medicine) ZAMFHT

' HEREE SR 2 L FRENRATALHE - mMAER
BABMZRECKR L5 PIRER % - SRR " Hydrogen
acts as a therapeutic antioxidant by selectively reducing cytotoxic

oxygen radicals ; (Ohsawa I et al. Nat Med 13 : 688-694, 2007) = 7=
& fram S A EE AR - il
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(1) HEZEEHEAREEEE(Selectivity) REREREEM

B (Hydroxyl radical OH" ) DAEGE R L IEmyRE ke B T
(Peroxylnitrite s OONO~) » H¥f B A& E F
(Superoxide anion ; 0, ") DIk #E%E L& (Hydrogen
peroxide ; H,0,) RINEEGERE /L)

&+ /\. S0 FreEREERS IR (OH" + OONO-) A

120

20

syt (HAEREEINEE) ivEHO, - +
H,0,)

0
20|»

Fluorescent intensily (arbitrary units) B

b —_—
(@) J (b) FHRE 5T FHIH]
100 0 mM _ 5 : )
w0l e T FEE %L (OH') B2 E
of ) s EH TR IEAARY -
40 p : g
Zp
Baseline 1 "5
S 1
Baseline 2 s
0 5 10 15 20 25 20 E% 52 04 o5 o8
Time (s) H., concentration (mM)

() K (d) B/R@ N DUBEEEERRR (OH) Foh B buihblEie s+ (0oNO )

0

d e

-y
114}

" ONOO ooy [= ) H.O, = NO-

~ 120 120 ? = 120 it 140
74 T o T
& 100 & _ 100 & 100 - 120
F ao = 5 = ar = g = 100
o= = 2 @ b = =]
= = Q9 o = 2z ao
= 60 = E = £ ¥ =
= = s S = Z &80
= 40 = 5% = i
[ T = = = T 40
g =20 = = 2 Z =20
= = = _ s
@& 0 = T 2 0

AN P D g L - R o O oo Sl

o S = & & o -é."‘—\*"'\ o ‘;*‘G}!ﬁ

o = = S

HIS— RS 7 FIEROONO™ FYREROH I—F » F(K
BRI - 2SR EESR - HESNEREATREL TR
OONO - #5¢— il SBE T I B EE (OONOH) » T8k % W 24 MR F %
E LU — A b2 B A - BE R AR n] g sy 7 st
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PERYTERR BERIROONO - Hi s i R AR H A E - ATRABGE Ry
A FIRERAMIOONO  Z RENEFR H AR » AIRERENE
FREYJAD) -
(2) &\531 v DUE 2 O A s o vl R PR B L P (B o
JE\Z BRI A RIS - TEEEFHRIREE - X
MR B EIZATFERFE L B R TR - TERRVEIR
FTHAKEE » BIh—HIET2. 0% 1SRN - B s
AAFEEMNENY) - G R R K E H BN G EmEE
(Necrosis) 5 fHIHE - EIPIRE (2%) HIFSGESHIIEZ: A 52 2]
IRFEGE I RED

M \

H2

i e b

Ohsawa et al.
(Nat Med 2007;13:688-694

ACERIOBIET « ERIFEERIGE | S5 T MR- T5%
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» T BAEEARIIER T BT GikEs) - it - TR
R—EZEEAERNTELE - WEAGENRNEERE GER
F+=) o BENRERERES TR R DUE—S R 2 A
BIRHITRR R iahE L -

(To) s Stk

(i) & PRI -

AR Sk iR TR0 F - ENEE
JEE/N - REAFHEE S TEER/INIRRE GIZERE
H1/14) -

SRMBBEMEER A E T EREG R RIABE
MAEEIE FaEmEsl - $] - SiES il -
SEMESCHEBR - RIS S A RS - SRR
SRR ERY3. 7475 0 AMN1.4165 -

S A ACEIB 52T C A AR ; FIFRFERVIEEE
4-75%(v/v) AEIRERIES » BEBRE - Kb HBEEE
4%+ ALEEEER -

(ii) Ko7 FR{EE1EE -
S5 FE I EBEEETNE—EITE - FHIVEERFIT5%
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A9 =AMER 1ppm (B8 Z—) » AR ERVEREFFEES A
BEE - REASRENESURIFES - (HEEEEmRes 2 H I}

FRZERET @ IRl IS REAR - 80 TEFRENZERE
] ﬁ” %
JijiES

Cu*0 + ——> H,0 + Cu'~
(8fk#) &E5mF (Hy) (k) GRFEMESFEET)

EIRT » BT LURUAE MR RS ] » AR ATTEAE -

e THY )T 2R FH R EREE (Methylene blue ; MG) °

H B 5 (MG o) ﬁ_) P B (MG reo)
(ox = FfL5E) 54 F(Hs) (red = E[5TE)

(E&) [ R (i)
T H ARITFAE
(iii) s FRIEVRTE ¢

@0 T HEARIFIVBZES MM (Diffusion distribution
characteristic) » FrLARE B HHZFZEMIIE EMIIEE (Cytosol) » (Rl
He PRAERI ML A RIS - BB RIAREE(Mitochondrion) LR FZA{Z
(Nuclei) = 5551 » &53-FIR ] EEEEARGRES - 0 H REFZE IS
FEfE  (BBB) - Ll E=F4WRFIEREMATR A ELEIFTTaE
[y -
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(iv) &5 ¥ 2 5e b A LRI R ¢

SR A BRFS R A B ~ IR ~ pHAE BRGSO
YRS EE -

SR IERILEEE (metabolic redox reaction)
SRt SR -

NSRS 27758 - HMEHAMEIER -

GREVIRILRES] - PLEER - "IN C B hifg
K1 -

QRN BN M 5 (Blood-brain barrier; BBB) ilfi i
S EBSE AR - P E i G -

DREGERM (selectivity) FYTEERMMEEERIRN H
FH3E (OH * LAKZOONO-) » {H¥f 0, = FeH,0, HIIASHE

Q57T L BE M DA R AREGE EEAR R » ] DU X
AR A -
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(N) @R 2T 2 g H

IRIBSURREEE - EHENE T L REBEIIESS T
PR MR « &/l T

(i) FEE— :

NEGERA &35S R (Hydrogenases) HUAIET » &1
ARSI LB K L S PEREYE (Substrates) LSS
o IRIESURHL. - AR MTEERNES FERWER » &
HLATIZE AN EHE RCIRES FERFTEME 8RR T
HETTHIMSZ ] - T HIR B S AT A HEER - Ry
W= R EAAOR TS SR ERSVISEMENSE -
W RANERAEAE IR ESENEREE - BRIy es
WY o

(i) 3 —

SREFARNE KR RTERE SRR - BB SF]

il

W =BRSS5 (54-98%) SRTERS RAFRE /KBS 8
A I R R S A (decompression sickness) - ] EEHEZE

[ |[I

o
! { J
S
Jnf
i
btk
Lk

D FEAANEE T G EE L MEIER » Bas
EMERBET] - R EEERHE . -
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(iii))EEE = :
IRIB G EINFCE BRSPS ERHET » ISR
FrAMERYFMERE (Specific toxic responses) © Ktk » SE(EEHEE

PESURRERE - BUEEEFIE /K (2%H: » pHT7.4) ZEEREE &K
MEFEEE=EE Mutagenicity) * ?fﬁﬁ%%@%‘ﬁ((}enomic

XIBSA— RS » DE @AM AR/K (Hydrogen-enriched
buffered saline solution) FEFTG ML AR AR EERAEE - 48
FEFTR90K » FHUR AL 20 HIEIVER - W ARl & — e
PR - GRS NRENRIR - MEETEES TL2W
HAEE -

(vi) BEPRIN ¢

RIBERALE » SRIENKIRAYERRE (Solubility) 1R/ -
{5 1.6ppm (0.8mM ; <4%) * ERFELEAENE - HEMES
RIRE4-75% ZHE - M EEERNTFE  BAA Gk
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(BB AE500°C) « Bl EUKBAER RN « Ut EH RE
B » 4~ SRS RS T A B R T HE Y -

(vil) FERE -

2014-2015% » B » HARFBEEAEERBLENRM
I » Sl B AU S @IS R /K R B R AE R GRA ST}
(Generally recognized as safe ; GRAS) » ZoEXH Gk EL B -

DA b P RS - e GEAERS S TRl Ls
1y o EE WG EEEB RS A PRORR RS TR
- BteE &R+ -

Y H R 9% e

SR HAEANE KRB ABBES LSS
(Hydrogenase) Z Ml » FIAARME LZiRKIEEY
R EH - BUEER] - BIUERHE - BHAL.5F
ISESRES (FASKIFSUR) - Bltiaia= R ofl
RAORPAE LSRG TEGEREZZE « A
HHEEFROREREFEEER -

_---1

76

<

-
—
L -

-_I\‘
A

e
%



W

1w
~
e

FRC 0 R 3 S e (}‘A¢\.
/)

FAREHNTEKEECAMNE L EIEL - BH
Bk A B AR E SR, (54-98%) LATER KT #2186
KBRS T AMREE A i i BRI R A

IRIBERYIHEFTERE (MSDS) FYERE -
re RS SR R A T SRE -

HEsEEENHEEN S K (2% H, * pH:7.4) » A~ HZE
8% (Mutagenicity) SeIEEEAIZEE (Genomic Toxicity) e

BEEELUESSEHES /K (Hydrogen-enriched
buffered saline solution) JEFI AN B AT A
» QORBRBIR AL 2 LMEIEA - WpEAl S
AR A -

BARIBR KR ARBIER (solubility) {£451.6ppm
(0.8mM ; <4%) * TFELZEAMEHEF | SRIBEE
4~75% HilE - N EHESRERYIRIELL - B
KB GHBRIFEHE] - & - SBEz BEh
e BEA -

2014-2015FAVEKE - HARFBHEAEERF
ZENEMINITE - M BB A SR TR K
FRE AR - B ER SR GRASTEM) (Generally
recognized as safe ; GRAS) » TS /KELSE
EREHIGERT=) °
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fE2014%E4H28H » MIfIMitoGene B2\ Bl £t [FI Al A 2
5t (Cook CC) LUK HIHT (Jones DR) RH3EEE & 5 R 2S5 5
(Food and Drug Administration ; FDA) & B IR INIZ 32 (Office
of Food Additive Safety ; OFAS) Z X {4t EIRE T : 84578
IR EE BT BGRASE M) » 1 LR UEEK LR EaRF
(Premarket approval requirement) GBI, ~ BEMLURAL 5%
FK) o MR ARIE LS (99.995%) FIFEERAT (<100 psi)
PTELBE SRR (UK ~ S LURARED CEBILICO 4T Ak
RILEND) © FRED FHRELERTHIEEE0.0214c.c.
Hylc.c. H,0 CRKI2%H,) ° JEMEEREEZAK/INA G5 TS|\
FHFR (lower flammability limit) - [FllF » VAREIWES TR 5 MmE
PELURATIEAE (Non-flammable) © SFE 7S 852 sR T 158 + 15
fEEHG&R =) -
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April 28, 2014

RECEIVED

May 14 201

Office of Food Additive Safety

Division of Biotechnelogy and GRAS Notice Review, (HF §-255)

Center for Food safety and Applied Nutrition

Focd and Drug Administration OFFICE OF
TIVE SAFETY

5100 Paint Branch Parkway FOOD ADDITY

College Park. MD 20740 GRN 000520

In accordance with the 21 CFR 170.36 (62 FR18337; April 17, 1997), MitoGene
Beverage Company, LLC hereby provides notice of a claim that the use of molecular
hydrogen (H;) solubilized in water is generally recognized as safe (GRAS) and therefore
exempt from the premarket approval requirement of the Federal Food, Drug and Cosmetic Act.

Hydrogen (H,)-enriched beverages (including drinking water, flavored water, and soft-
drinks), are produced by introducing high purity (99.995%) hydrogen gas into purified drinking
water under high-pressure (~ 100 psi), loosely analogous to the carbonation process for
carbonated beverages. This process solubilizes hydrogen gas at the saturation limit of water.
Due to the chemical solubility of hydrogen in water, the concentration in such beverages
reaches up to 0.0214 mL H; 4,./mL H,0 ui- 1N contrast, carbonated beverages may contain up

to 1.72 mL COy; gasy/mL H;O ¢ The resulting product contains hydrogen at a concentration well
below the lower flammability limit. In this form, dissolved hydrogen is completely non-toxic, and

non-flammable.
o4/a&/ 2014

B Cody C. Cook, Ph.O., MD
Founder, MitoGene, LLC
Cody Cook@Gmail.com

501-258-3079

Al 2E, 2014

DF. Drew R Jones. Ph.O
Ceo-Founder, MitoGene, LLC
DrewRJones@Gmail com
505-250.9921
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(i) 3 3EMEN 4 &l (Inhalation of hydrogen gas) :

BRI E S T R EN TR A=ZEAENEEE - B
A G T o iE B4 (a)Ventilator circuit (FERZFEES) (b)
Facemask ([AI28) LAB(c)Nasal cannula (RFLIEED - RS
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FLIBE - REES —EEREES FAGRENE - KItEHA
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S RE R E R/ 4% EREZ T » &0 THEERZE
MARS  TETGERIENSE - FILLELZEY - 200 RE
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H, concentraton (M)
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time (min)

(N B A EA#EZ 222 Current Pharmaceutical Desigen 8 B &,
ol ER 7R3 » 2011)

(ii) RS &K (Oral intake of hydrogen-enriched water) :
FHA TR SRR B ATRES « BA T EEARERGIT » KRR
HARE A o [RIRF - A0SR B ERuRtas K E A TR IETT -
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(i) 1) T 263 P8 B B B B AR (njection of

Hydrogen-enriched saline) :

ER S T2 SR IRAVRE » B0 S Sk BN L s
IR+ THRTGHE » KB - BUEBRIY » AR G S a5 TR
BRI » IR E S A AR L 1A ShE S5
TSR - T ERTE R &S F RN BI R » A5
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(iv) F & 38 H W R 5 73 (Direct absorption of

hydrogen via hydrogen bath)
BN A TREEEE RN + LA MG X E 2 -

Bt - BRI FEAES - B2 YRR S 5T - BT
W F BRI ER e s B TEE  BRaes

THEREEH - EATHASEE2S - Hit - FESSER
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MHEEHA (Half-life) © SAEK KE A : PloS ONE 4(9):¢7247, 2009
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molecules prevents RANKL-induced osteoclast differentiation
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2014.
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R SRR TR R S G T R IRL R HE A
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1.

Lenaz G. Role of mitochondria in oxidative stress and ageing.
Biochimica et biophysica acta, 1366 : 53-67, 1998.

. Ohta S. Molecular hydrogen is a novel antioxidant to efficiently

reduce oxidative stress with potential for the improvement of
mitochondrial diseases. Biochimica et Biophysica Acta, 1820
- b86-94, 2012.

. Liu Q, Li BS, Song Y], et al. Hydrogen-rich saline protects

against mitochondrial dysfunction and apoptosis in mice with
obstructive jaundice. Molecular Medicine Reports, 13 :
3588-96, 2016.

. Ito M, Ibi T, Sahashi K, et al. Open-label trial and randomized,

double-blind, placebo-controlled, crossover trial of
hydrogen-enriched water for mitochondrial and inflammatory
myopathies. Medical Gas Research, 1 : 24, 2011.

. Hasegawa S, Ito M, Fukami M, et al. Molecular hydrogen

alleviates motor deficits and muscle degeneration in mdx mice.
Redox Report, 22 ' 26-34, 2017.

. Zhang Y, Li H, Yang C, et al. Treatment with Hydrogen-Rich

Saline Delays Disease Progression in a Mouse Model of
Amyotrophic Lateral Sclerosis. Neurochemical Research, 41 :
770-8, 2016.

. Meng J, Yu P, Jiang H, et al. Molecular hydrogen decelerates

rheumatoid arthritis progression through inhibition of oxidative
stress. American Journal of Translational Research, 8 : 4472-7,
20186,
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WWHERE(LIEREE (MDA) » EEFERAEE AT A AR
B MR L RS VB AE (BB 7] - B LL IR ST - I
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1. Kajiyama S, Hasegawa G, Asano M, et al. Supplementation of

hydrogen-rich water improves lipid and glucose metabolism in
patients with type 2 diabetes or impaired glucose tolerance.
Nutr Res, 28 : 137-43, 2008.

. Katakura M, Hashimoto M, Tanabe Y, et al. Hydrogen-rich

water inhibits glucose and alpha,beta -dicarbonyl
compound-induced reactive oxygen species production in the
SHR.Cg-Leprcp/NDmcr rat kidney. Medical Gas Research, 2 :
18, 2012.
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. Feng Y, Wang R, Xu J, et al. Hydrogen-rich saline prevents
early neurovascular dysfunction resulting from inhibition of
oxidative stress in STZ-diabetic rats. Current Eye Research,
38 . 396-404, 2013.

. WuF, QiuY, Ye G, et al. Treatment with hydrogen molecule
attenuates cardiac dysfunction in streptozotocin-induced
diabetic mice. Cardiovascular Pathology, 24 + 294-303,
2015.

. Nakao A, Toyoda Y, Sharma P, et al. Effectiveness of
hydrogen rich water on antioxidant status of subjects with
potential metabolic syndrome-an open label pilot study. Journal
of Clinical Biochemistry and Nutrition, 46 : 140-9, 2010.

. Kamimura N, Nishimaki K, Ohsawa I, et al. Molecular
hydrogen improves obesity and diabetes by inducing hepatic
FGF21 and stimulating energy metabolism in db/db mice.
Obesity, 19 : 1396-403, 2011.

. Zong C, Song G, Yao S, et al. Administration of
hydrogen-saturated saline decreases plasma low-density
lipoprotein cholesterol levels and improves high-density
lipoprotein function in high-fat diet-fed hamsters. Metabolism:
Clinical and Experimental, 61 : 794-800, 2012.

. Song G, Li M, Sang H, et al. Hydrogen-rich water decreases
serum LDL-cholesterol levels and improves HDL function in

patients with potential metabolic syndrome. Journal of Lipid
Research, 54 ¢ 1884-93, 2013.

. Song G, Lin Q, Zhao H, et al. Hvdrogen Activates
ATP-Binding Cassette Transporter Al-Dependent Efflux Ex

Vivo and Improves High- ::‘.s:".: LS ‘:Jop1 otein Function in
Patients With Hypercholesterolemia: A Double-Blinded,
Randomized, and P-*‘;:::-Ca" oded Trial. The Journal of
Clinical Endocrinology and Metabolism, 100 ¢ 2724-33,
2015.

10. Zong C, Song G, Yao S, et al. Cigarette smoke exposure
impairs reverse cholesterol transport which can be minimized
by treatment of hydrogen-saturated saline. Lipids in Health
and Disease, 14 ¢ 159, 2015.
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1. Li J, Wang C, Zhang JH, Cai JM, et al. Hydrogen-rich saline
improves memory function in a rat model of amyloid-beta-induced

Alzheimer's disease by reduction of oxidative stress.
Brain Research, 1328 : 152-161, 2010.
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. Wang C, Li J, Liu Q, et al. Hydrogen-rich saline reduces
oxidative stress and inflammation by inhibit of JNK and
NF-kappaB activation in a rat model of amyloid-beta-induced
Alzheimer's disease. Neuroscience Letters, 491 : 127-132,
2011.

- Lin CL, Huang WN, Li HH, et al. Hydrogen-rich water
attenuates amyloid beta-induced cytotoxicity through
upregulation of Sirtl-Fox03a by stimulation of AMP-activated
protein kinase in SK-N-MC cells. Chemico-Biological
Interactions, 240 : 12-21, 2015.

. Fujita K, Seike T, Yutsudo N, et al. Hydrogen in drinking water
reduces dopaminergic neuronal loss in the 1-methyl-4-pheny
1-1,2,3,6-tetrahydropyridine mouse model of Parkinson's
disease. PloS One, 4 : 7247, 2009.

. Yoritaka A, Takanashi M, Hirayama M, et al. Pilot study of
H(2) therapy in Parkinson's disease: a randomized double-blind
placebo-controlled trial. Movement Disorders, 28 : 836-839,
2013,

. Yoritaka A, Abe T, Ohtsuka C, et al. A randomized double-blind
multi-center trial of hydrogen water for Parkinson's disease:
protocol and baseline characteristics. BMC Neurology, 16:66,
2018.

. Nagata K, Nakashima-Kamimura N, Mikami T, et al.
Consumption of molecular hydrogen prevents the stress-induced
impairments in hippocampus-dependent learning tasks during
chronic physical restraint in mice. Neuropsychopharmacology,
34 1 501-508, 2009.

. Hou Z, Luo W, Sun X, et al. Hydrogen-rich saline protects
against oxidative damage and cognitive deficits after mild
traumatic brain injury. Brain Research Bulletin, 88 : 560-565,
2012.
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1. Mao YF, Zheng XF, Cai JM, et al. Hydrogen-rich saline reduces
lung injury induced by intestinal ischemia/reperfusion in rats.
Biochemical and Biophysical Research Communications, 381 :
602-5, 2009.

2. Kawamura T, Huang CS, Tochigi N, et al. Inhaled hydrogen
gas therapy for prevention of lung transplant-induced
ischemia/reperfusion injury in rats. Transplantation, 90 :
1344-51, 2010.

3. Terasaki Y, Ohsawa I, Terasaki M, et al. Hydrogen therapy
attenuates irradiation-induced lung damage by reducing
oxidative stress. American Journal of Physiology Lung Cellular
and Molecular Physiology, 301 : L415-26, 2011.
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. Sun Q, Cai J, Liu S, et al. Hydrogen-rich saline provides
protection against hyperoxic lung injury. The Journal of
Surgical Research, 165 : e43-9, 2011.

. Kawamura T, Wakabayashi N, Shigemura N, et al. Hydrogen
gas reduces hyperoxic lung injury via the NrfZ pathway in
vivo. American Journal of Physiology Lung Cellular and
Molecular Physiology, 304 : L646-56, 2013.

. Ning Y, Shang Y, Huang H, et al. Attenuation of cigarette
smoke-induced airway mucus production by hydrogen-rich
saline in rats. PloS one, 8  e83429, 201 3.

. Kitamura A, Kobayashi S, Matsushita T, et al. Experimental
verification of protective effect of hyvdrogen-rich water against
cisplatin-induced nephrotoxicity in rats using dynamic
contrast-enhanced CT. The British Journal of Radiology, 83 -
509-14, 2010.

. LiJ, Hong Z, Liu H, et al. Hydrogen-rich saline promotes the
recovery of renal function after ischemia/reperfusion injury in
rats via anti-apoptosis and anti-inflammation. Frontiers in
Pharmacology, 7 : 106, 2016.

. Peng Z, Chen W, Wang L, et al. Inhalation of hydrogen gas
ameliorates glyoxylate-induced calcium oxalate deposition and
renal oxidative stress in mice. International Journal of Clinical
and Experimental Pathology, 8 : 2680-9, 2015.

10. Homma K, Yoshida T, Yamashita M, et al. Inhalation of

hydrogen gas is beneficial for preventing contrast-induced
acute kidney injury in rats. Nephron Experimental Nephrology.
2015,

11. Miyazaki N, Yamaguchi O, Nomiya M, et al. Preventive Effect

of Hydrogen Water on the Development of Detrusor
Overactivity in a Rat Model of Bladder Qutlet Obstruction. The
Journal of urology, 195 : 780-7, 2016.
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. Zhang JY, Wu QF, Wan Y, et al. Protective role of hydrogen-rich

water on aspirin-induced gastric mucosal damage in rats. World
Journal of Gastroenterology, 20 ¢ 1614-22, 2014.

. Okamoto A, Kohama K, Aoyama-Ishikawa M, et al.

Intraperitoneally administered, hydrogen-rich physiologic
solution protects against postoperative ileus and is associated
with reduced nitric oxide production. Surgery, 160 : 623-31,
2016.

. Runtuwene J, Amitani H, Amitani M, et al. Hvdrogen-water

enhances 5-fluorouracil-induced inhibition of colon cancer.
Peer], 3 : e859, 2015.

Zhang Y, Jiang J, Zhou HY, et al. Inhibitory effects of
hydrogen-rich water against tumor growth in tumor-bearing
mice with colorectal cancer and the molecular mechanisms.
Academic Journal of Second Military Medical University, 37 :
1082-1087, 2016.

Han B, Zhou H, Jia G, et al. MAPKs and Hsc70 are critical to
the protective effect of molecular hydrogen during the early

phase of acute pancreatitis. The FEBS Journal, 283 : 738-7586,
2016.

. Zhou HX, Han B, Hou LM, et al. Protective Effects of Hydrogen

Gas on Experimental Acute Pancreatitis. PloS One, 11 :
e0154483, 2016.
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