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%o DNAfESi X LRP1E(ET 0 70 & — % — il 2 1545 L. LRP1OZEHUT AL I o Bg BAGH 0 &
WOHEZ B0 BEEDHELIEETdH 5 #AMEILIEY (advanced glycation endproducts: AGEs) i3, ¥~ 7277 —3
X 7 w3 —ilild O RAGE (receptor for AGEs) il % /- L CRIEMET A A4 v a LS8, EL &k
oo 18aF =7 > opEUELIFHRMIE (F 288 hepatic stellate cell) %, GSH M i il 2 H)
WLCag—rrEkzse L, Mtz ERT 5. NAD+AEICHES & TCARBEARTIZRY 7 < )VEEAS
BN, # o GAPDH X2 ¥ = )W B i % 5 1) CS-(2-succinyl) cysteine- GAPDH (2SC-GAPDH) |Z#x
SAEMEDMET R 7 V7 AT 5 &) BIEBRICH S0 DLE X0 BRI S BEIIIF 26~ 0 I i%
X, TVT e Fl#IZ L 5 NAD+AE L 22 L A TCARIBOREEIZH 5 i L T\ b JBIFRO T
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Ta NFIZ, BHITTED EOREWRE, #bo#fE L
APLVALEDBECEHT 2L, BRILA ML ZAB#EIY AT
LML TEL, TOYAT Ao B g L T2
HL7HESZMA TCVD, —H T, A ELANL R
EBINIGD 72 DI 7 D72 BT ERT A S Th b o 2HHER
DISERFR 2 FEBOMS & LB 12Tk 2 D HIRIGENE A%
D, BAOBAZLE 010 TH b, FORE, B, #
YRR —A, 2 TIERE, FREREES V-
oL AN L AD RGBS ZEH ML >2H 5, &
MR 2R TH S, ST —<L L THY LiF7
Fe BT, BEROMIMEESF O, AR ME S EE
ETR N PIE & ARAEAL AN o 7S . BRI RIS E B 6
b FETNIT—VIENREIF (Nonalcoholic fatty liver
disease: NAFLD) & 3E 7V a2 — )V MR IT %6 (nonalcoholic
steatohepatitis: NASH) ¢ 10~ 29 % %% 10 4E LAV L2 T A 22
REE L. BED4~27% D FMIRHEERETSEYY. I’
BABE4e ) A 7 -F- (B . BRELSERAE. s, BE) 12
& TV T FOBEOWREEDH Do A ENLIRIE 257
P RICHEAT T 2 M TR & T L0, ZOWHKF
WZOWTH L AN AOBI s HifEf il A b o BTN
WHFF B LTy BRIIF R DGR IZ R W Th b TRl
FREDEREZTET T H720DEEL—HTH b,

1. LAV R L RIE A DL Z D
WECOICERIEANL X EFELA ML 22D W, GHIg &
K0S S Rl L Thzve BRILETT MG Z HIZET
DRYEN EEFKT D ERELTHOTHE OB R AR &
T 5o BRILANLV ALFEL ANV ADMEIX, DA ) L3
EFREFHCT, WIS D LEDH 5. LA ML A
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HEANIZBIT L7V T FOBEREARDSEL7ZIRETH %,
T T e RIEBUSTEAS B 7260 L CHE I & 1 R0
N AR ORI & SUGT 5, TV T e FIZEISAREHE
AR, M THRIBEENET VT e FIEFHEIREEC
Hbo SHIZ, TIVTENGMIEEZ@E# LT, MizNo
EHRRE L TH- D REIIUET 5o & 6 I % 3@
3% EDNAREEE (S v) ERIET %, TIVTER
EERHED L LA X, VRV LEH R E O
KIEILEEY) (advanced glycation endproducts: AGEs) & I
I s Y, IREORELEY & L Amadori-PE (Amadori-
glycated phosphatidylethanolamine) 75# % %

—Ji. BAL AN L A, 7Y =TI AV R0 L R
(reactive oxygen species: ROS) #FIRETH 5, ERILK
JMIEY I CR EREDOHMRALH B L) Bl S 525,
TV T REERAYEE OIS BELES) (PRI E
WX DHIHITE B,

PEALA MLV ARG FZIET VTR Th Do AR
BN, BEREHE T VT e FERRBIERHE 7V 7 e FIZK
BIT& 5 (Fig.1)%7o HiH I E, ABE MR L O M A
IAZIHEFET A G 7))V T e FAR ] 12 &
DAL LTV TR THEY, FAZZOHRE [TV
T RANS =7 LIFRY, EiHE (FVa—AR TNy
M=% &) O—EHIET VT R (-CHO) A &EH L72H
WRTIVTe R, FMOYWHE & S LI R R AR
GELERT S, BBRMILI—Z (REH=6) 37T
VTFe R, BRALA ML A, B BINRONHE 21T TS
DICHEHSEOT VT e S E s s (REM=2~4), 2
OR T YN TIVT R (glyceraldehyde: GA) 7> & A=
B S 115 AGEs 13 #: 1% 25 7 <. TAGE (toxic AGE) &
210, —F, BEOREREE 7 VS e R IZE
BROBALICE > TEL S, ZOHRTAFIVZ Y FFF -
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Fig. 1. The main characters are aldehyde. Where do they come from?
Aldehydes produced in the body are mainly derived from carbohydrates and fatty acids. Trace amounts of formaldehyde are produced with
the demethylation of DNA and histone proteins. Exogenous aldehydes come from drinking alcohol and smoking. HFD, high fat diet; TG,
triglyceride; LDL, low-density lipoprotein; 3DG, 3-deoxyglucosone; AGEs, advanced glycation endproducts,

(methylglyoxal: MGO) (385 & 722 & DI NG I #E 2> 5 A2k &
NBTNVTER THY ., EENOE % 2B D -
TWwa,

TYT ) DAL BT A T VALERR T, dEEE L 72 2
FNVEPS RNV ATV T RPERENRLT Y, 20720,
B2 Ao i, EFTIZ0.05 ~ 0.1 mMO &)L A
TVTERP BB EN Do KEROERE E %2 H K (X
FUALIKER) (&, P CTHA F LSRN TRV ATV TR
RERTL2EEbNTNEY, Bk DNAL L A v &
BTV TERICE o THBISN S,

HR GRSl AH 88 7V 7 b Fid 2 F T ol 58 A% IR 8
Thotztzo, BERIIELTLREI R0 -72% &
BN EE AT (g eh) TSRk 7 VT
LR EIRERICECE b o T b, B HE TV
ERIEBRILA NV ATOHEMKNTEL, Fi4 AR E L
b 7259, 4-hydroxynonenal (4HNE) %° malondialdehyde
(MDA) i 7V 2 — VHEF B E AL OFHE ST & 721017,
I A IR B D255 3 2 HEEETH 525,
NEWEIF OIKREIZ 2 B & BRITIRHIR 7V 7 RO R i) A
IR E TS, NASHE 7V <7 A2 4 X 32 A KR
% C & % eicosapentaenoic acid (EPA) = &} B & LT 5L
7eAE R L 7 v & F 4 (glutathione; GSH) 148 &
TG L. O BMEIEEL R LY, o3
SRR LZRRREE T VT e SRR TH Y
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1) % F 45— (glyoxalase: GLO)'™ 12 & 2 R B2
Z < O T GSHAHEBE SN -/-0 LN TE 5,

PEAL AT L ADIIFRIL, BB 2 21T —FRIBIZ
Wik L TC\Wh, BHLEUSIZ BT A UG, BERE 7
NVaA—2A0BEM L 727 V7T & (-CHO) L &HH RT
FrO7 I8 (-NHo) 28 G L € 7# 8 (b3
EINTWDEA, —\mPElcTcErEEZLN, ERS7
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bo RFLTIE, TVWTFEET7TIVEORKIEZE HIVE=
WAL E Y, Z DO —E O G % & o THALROG &
A LT D,

W PRI # % fE 32 AR AR B S N A S 2 08
SRR (WERR. BEMR. 7 0EA R 7 &) IZNBHIIF ok
TR ICEBNS A &% 2 5N 5202 S8 IRIIER I in vitro
YERCTd 5 AGEs B HIER (BEED AV K= )bz
W) # /3 5E 0 invivoER & L THERZHEER T v
L7232 S o b EM D H A2 (B LSRR D%
C3 5 3Ry & Bbh s,

ZTOMORERE L CHEHGHRTV T eSS b, —
DT NI VERIZEATE I TV TR THY, bH—
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Table 1. Toxic substances contained in cigarette smoke.

acetaldehyde

acetamide
acetone
acrolein
acrylamide
acrylonitrile
aflatoxin B
3-aminobiphenyl
ammonia
anabasine
o-anisidine
arsenicum
A-a-C
benzaldehyde
benzanthracene
benzene
benzofuran
benzopyrene
beryllium
1,3-butadiene
butylaldehyde
cadmium
carbon monoxide

catechol

chlorinated dioxin/

furan

chromium

chrysene

cobalt

coumarin

cresol

croton aldehyde
cyclopentapyrene
dibenzanthracene
dibenzopyrene

2,6 -dimethylaniline
ethyl carbamate (urethane)
ethylbenzene
ethylene oxide
formaldehyde

furan

Glu-P-1
(2-amino-6-methyl pyrrolidone)

Glu-P-2
(2-aminodipyrrolid)
glycidaldehyde
glycidol

hydrazine

hydrogen cyanide
hydroquinone 3
indenopyrene

1Q
(2-amino-3-methylimidazole)

isoprene

lead

MeA-a-C

(2-amino-3-methyl-9H- pyridoindole)

Mercury
methyl ethyl ketone

5-methyl chrysene

4 - (methylnitrosamino)-1-
(3-pyridyl)-1-butanone (NNK)

naphthalene

nickel

nicotine

nitric oxide (NOXx)
nitrobenzene
nitrogen monoxid
nitromethane

2-nitropropa vinyl acetate

N-nitrosoanatabine
(NAB)

N-nitrosoanatabine
(NAT)

N-nitrosodiethanolamine
(NDELA)

N-nitrosodiethylamine 2

N-nitrosodimethylamine
(NDMA)

N-nitrosomethylethylamine

N-nitrosomorpholine
(NMOR)

N-nitrosonornicotine
(NNN)

N-nitrosopiperidine
(NPIP)

N-nitrosopyrrolidine
(NPYR)

N-nitrososarcosine
(NSAR)
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N-nitrosomethylethylamine

N-nitrosomorpholine (NMOR)
N-nitrosonornicotine (NNN)
N-nitrosopiperidine (NPIP)
N-nitrosopyrrolidine (NPYR)
N-nitrososarcosine (NSAR)
nornicotine

phenol

PhIP (2-amino-1-methyl-6-
phenylimidazo pyridine)

polonium 210
propionaldehyde
propylene oxide
pyridine
quinoline
resorcinol
selenium
styrene
o-toluidine

toluene

Trp-P-1 (3-amino-1,4-
dimethyl-5H- pyridoindole)

Trp-P-2 (1-methyl-3-
amino-5H- pyridoindole)

uranium 235
uranium 238
vinyl acetate

vinyl chloride

Red letters indicate aldehydes. Not only carcinogens and oxidation-inducing substances, but also diverse aldehydes are contained.

(4)
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Fig.2. Aging trends in SAF and the impacts of smoking.
The results are expressed as mean + standard deviation, T p < 0.1, *p <0.05, **p < 0.01m Mann-Whitney’s U-test. a) n =244,
b) Subject’s ages between 10 to 59. Smoking group, n = 33; Non-smoking group, n = 177. SAF, skin autofluorescence measured
by AGE Reader (DiagnOptics, The Netherlands). The figures are created based on reference 26).

b)

Smoking

* %

Non-
smoking

0.0 3.0

SAF
(Age: 20 ~ 59 years old)

Enzymes Materials Organs/Cells/Organelles
[Aldehyde metabolism] [Aldehyde trapping] [Phagocytosis)
GAPDH amino acids fibroblasts ° glial cells
ALDH reticuloendothelial cells
Glyoxalase I &II [Soluble RAGE] macrophage * monocyte
[AGE breaking] [AGE generation control] [Organelles]
OPH short chain fatty acids RAGE
scavenger receptors for AGEs
[AGE breaking] lysosome ° proteasome
melatonin

Fig.3. Anti-glycation system in human.

[Excretion organs]
liver (hepatocyte)
kidney (podocyte)

Glycation products are processed through various cells/intracellular organelles, metabolized and subsequently eliminated by the liver
and kidneys. Hepatocytes are rich in aldehyde metabolizing enzymes, i.e., GAPDH, ALDH, and GLO, while the AGEs metabolizing
enzyme OPH is expressed in skin and various tissues in addition to the liver. Various materials are involved in the anti-glycation system.
Representative endogenous substances are shown in parentheses. Amino acids trap aldehyde, short-chain fatty acids derived from intestinal
bacteria inhibit AGEs formation, and melatonin promotes AGE cleaving as well as its antioxidant effect. GAPDH, glyceraldehyde-3-
phosphate dehydrogenase; ALDH, Aldehyde dehydrogenase; GLO, glyoxalase; OPH, oxidized protein hydrolase; AGEs, advanced glycation

endproducts; RAGE, receptor for AGEs.

FETCERASIE B 2 0 253 <. BRIAITEE T b MR T
AT 22, &SI BRI X 0 T O M MEAL S BE
L7 0. I OMAL A Fibro Scan® THEFEL S N, HEVEE
BOSAEBENEELY, 29 L CHIESC RSB AT
LEFEOIHELAN VAR MESL Z &5,

-
—

2. B b 2 b U ZBhfIBAE & L C o fF i
HRIZIPELY 2 7405 b > T\ b (Fig. 3), o

THIEIZE L L To&kE 245, FHHRNICIET VT eR

R A HEL TRV TVTeR3Y v BRIk FERHR

(5)

(glyceraldehyde-3-phosphate dehydrogenase: GAPDH) .
7% ¥ T — ¥ (glyoxalase: GLO). 7V 7 & K ik
¥ (aldehyde dehydrogenase: ALDH) 7% & &S 5
(Fig.4)

+ GAPDH (glyceraldehyde-3-phosphate
dehydrogenase)
GAPDH 3 il BN O EEA B D20 % = 5, Ak
WICE D L BRTHY  HEL AN L AP OZE TH B0,
GAPDHIZAHAZE N T sk 2 TR L CRpb AR & L
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Fructose

Fructose

Mitochondria

D

Citrate o-Ketoglutariate

<>

Oxaloacetate Succinate

Carboxylic
acids

AL (Aldehydes)

MGO

Fig.4. Glucose metabolic pathway and involvement of aldehydes in hepatocytes.
In hepatocytes, aldehyde excess activates GAPDH, ALDH2, and glyoalase, while glucose excess activates the polyol pathway. When
aldehydes enter the cell, they are promptly phosphorylated and retained inside the cell to be metabolized by enzymes. Much NAD+ and
GSH are consumed as compensation for enzymatic activity. The influence extends to mitochondrial function. GLUT2, glucose transporter
2; AL, aldehydes; GA, glyceraldehyde; MGO, methylglyoxal; GAPDH, glyceraldehyde-3-phosphate dehydrogenase; ALDH, aldehyde
dehydrogenase, SDH, sorbitol dehydrogenase; LDH, lactate dehydrogenase; G6P, glucose-6-phosphate; F1P, fructose 1-phosphate; F6P,
fructose 6-phosphate; G3P, glyceraldehyde-3-phosphate; 3PG, 3-phosphoglycerate.

THEBET %o GAPDHIZGADCHIZE D% KRN IC#E
F1d B \VIZER L 72 GALX M) 7 % F— ¥ (triokinase) **
RIS VERME S, AR A @ T X v GAPIC
fi S 1%, GAPIE. #i[HT NAD + (nicotinamide adenine
dinucleotide) DHh % 521 CGAPDHIZ & V) {3 41, 3PG
(3-phosphoglycerate) |2 #zift 415 (Fig.5). FAERENTY
NTOGAZH L. GAD L EKRZHREL LT 506
& %o, GAPDHIZfHERICMES 205, ZOmDEL EH
SHEMEER TRV GAKEARE V) T —DFE
A THWBDTHS ),

GAPDH IZFEIZERITE % 4 9 % RIS & 1 E (moonlighting
protein) T % . Bl 2 IX GAPDH 3 DNA & OFFIE AT E <
—®wARIET IV -DNAZ ) I L - L LTHET S
L TDNAS#HRER L LTy 3%,

HEALA ML AD 0, MBEAN TV TR A B E &2
MBLENEADR 7V T e B i =1 TAHERL - R EH
Bz D E, MEE(ER) AMLANEEZ, 7uTrT YV —
L OMBRES S KX [HIFEE O FRiORE ZE S,
FOREIZR D L. FNFECTHEMNEE T R LTEL
GAPDH#A — & L T 7 R b — > A # 3 2 25812 1 239,
GAPDHIZI P U F Y 7TNIZEATL T, NEOEEMETT
HE, BEEEEMOTES, TR AFHERK T (apoptosis-
inducing factor: AIF) Ot &3 27%, 2 h b o8

(6)

SRTREIN—T DG EELEZ LN TS, GAPDH
PEBITL CHERSL 82 BT AL, TRF—T A
e g & L ChEBES 234, MIEE P GAPDH £, /)
fafk CaZt Ry 7 &E ONEMBEERE IS L <. Ml
B Ca2t L) AR Z I & 5%9, 2R, Mg
TRMN—JRIZE D,

« ZILTERBikZEESR (ALDH)

ALDHA—/8—7 73— s TIX 19D 71 VA
VNN SUNIERUN v Jilct i e Sl P Al DG Rtk
ZOHTLDH2E, B L > THRET LT ITIVTER
xt L WBRIE A RO MERER CH 5 10, FFlES Bl
ZLEHLTHBY, MIBATEI bR T~ v
AZFH T A, ALDHIR 72 N7V T REid LS
DT NVFe RE 5B 5 (Fig.5)450, 7))+ F4—)u
(glyoxal) ® MGO 2 X @7 )L 7 & N b ALDH2 OHE T
& %Y, ALDH2Z4HNE 2 MDA & \» o 7= g ik B 2k 7
NVFERLHT L EDbhro Tn53, ALDH A B
FROLE ST 27201213, Wil T NAD+ALETH .
ZO7ORALANL AR HGIREE, bbb T LT Rl
FIpEEDIRFE TIEINAD+Z KREIZHE T 5,

GAPDH. ALDHIZ & 2 #f ®# % TNAD+% LE &
T2, TVTe FEEIRETIZ. KEONADHHEE %
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Acetaldehyde — Acetic acid
Glycolaldehyde — Glycolic acid
Methylglyoxal — Pyruvic acid
Glyceraldehyde ﬁ Glyceric acid
Phosphorylation NADH + H+

Glyceraldehyde-3-phosphate m 1,3-bisphosphoglyceric acid

NADH + H+

Fig.5. Aldehyde metabolizing enzyme that utilizes the cofactor NAD+.

NAD+ is consumed as a cofactor, glycative stress with aldehyde excess condition leads to NAD+ deficiency. NAD+,
nicotinamide adenine dinucleotide; NADH, nicotinamide adenine dinucleotide (reduced form).

HE L. NAD+ A ERAGICH S, 7V a—vikH#E (=
¥ —VoOBEER) X, ¥/ — LR TILIT—) Tl
Fl—BIZLoTTH MNP AT RICEBRING & X120
NAD+2S{H B &N A7z, SHICHEEDNLETT,
MIRLNIC A 72 70N O — ADSHE 2 2 & R ) F — VR HY
5T 50 ZAUE, MBHERERZ T CIRLE L ANkl
ol Va—A%, HHEREZBESTIZ, TV I =A% L
BT AERBER CTHLH, SV T — i T IVE—ARIT
B3 (aldose reductase) (2L > TV IVE b —VIZEEHL S 1,
EB5IZSDH (VIVE M=)V K EREFE) ICX->TTIV o —
ANZERI S b LA L SDHDO A G T NAD+ 25 il
WEn, THTINVZ =20~ IEGAICIER SN GAL
IMZ27%23%, NAD+AEREEET L2 &1k 5.
ChE—FOEFRTH D,

IPIYRYTOTCAYA Z VTG D 3 2> F TNAD+
LT L7720, NAD+ARICHRD & A 7V s i1
F 59, ATPEANK TS % (Fig. 6)o TCAT A 27V HHE
%12 L ) NADH+ R FADH2 A 48  » TR T(EEHR N
DOUAEAW AT 5 L. BFRERIIBITSATPEAE LK
T35, ZOE IPI YR TOZAINF-EAERET
7oL, FFMIRE I BT 20 2 OREFE KT 3 %,

cJUAFHL—ZX (GLO)

FVFXH T -3 )4+ X7 —-¥1(GLO1), 7'V
&% 5 -1 (GLO2) d Y., )+ FHIF—-¥IL 2
TLERMES TV, TR EEEIZ 0% L ofilaT
FEBLTWb, MGOIZ, #ild+ & L CAlBiRy 1@ < GSH
EAEAL7-GLOIZE 5Ty SAd-F 7 MV E FF Vi
s, E5IZGLO2% 4 L D- FLERIE I AR &

(7)

5o D-FLBIIRHEMWICE LV E Y ERICIEH SN B, MGO
IR B L ORI IR L CTEL D20, ik
PEALA DL A BB OSE - #EIZES L TWwb, fEo
T, MGOZ R4 2B = IIHEIL A DL AR EIBRAEIC BT
LEELRLEE R LTV D,

MGOEADHEI L. GLONOEMASEBRE IR 5 &
GSHANRIRFEICHE 0 S AUEHEST L 22 BRBH T <2 B A BT 45
TIELIELIEBIESNLIT R TH S, R GSHA &R
RRIIEELFEEZERT L, LT, 7TEN I/ 72
YOMFIEIN X B IFEEED D 559, GSHA L IRFEIZ %
LHETVEFXT T —ERKEET. MGOAFH 28NS
LZENEHNTH D,

- R{ItEQ > #EEE (OPH)

OPHIZ, Yy 7usr7—¥o—fETh) ., EHEDON
A7 P MALT I B EERET 5T YV TF R
7 — ¥ (Acylpeptide hydrolase : ACPH) & [i] —T& 7,
F72. TV T I BERERESE (Acylamino-acid-releasing
enzyme: AARE) & b IHEN T2, OPHIL, k& Mkl
R Lo, HFME. B Wb X 00RO 4 o #li
WCHAEL. miReRIbE A B L OVl sC L& 1 % Bk
O RS

3. TS NEALEREAL AT L R

T Y7 LEbE L, BIETOL ., F7EGI#T A7
DIZDNAICK Z 2LEW R BHARI 52 L T, Hl#H
ENTEFM R 2 2T 720 E, BRI ED ST
OMIOMELEE L CReEEh, Efe LTl &M Arnb,
HEFREY e DNA X F L 1bid, X F VRS (DNA A F



Glycative Stress Research

Acetyl-CoA
‘ Excessive aldehydes ‘ TCA cycle
NAD+ consumption in l
GAPDH/ALDH/SDH/LDH (H)
@ Oxaloacetate Citrate
- NADH + H* \
‘ NAD+ shortage/depletion ‘% NAD*} Isocitrate
x NAD™
Malate i Vl'
<“— H20
CO2 S
NADH + H*
Fumarate Fumarate 4
H\ __COOH w A Ketoglutarate+
i FADH2 : CO2 NAD*Y
C Succinate NADH + H*
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HaN—CH—COOH
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’ 2SC formation ‘ CH»

HoN—CH—COOH

Fig.6. TCA cycle.

=) | 25C modification |

2SC-GAPDH 1
2SC-adiponectin 4

GA T
Insulin resistance T

=)

Under the condition with NAD+ deficiency, the circuit does not run smoothly and ATP production decreases. Subsequently, fumaric
acid increases. When fumaric acid binds to GAPDH (succinylation), its activity is attenuated. AcetylCoA. acetyl coenzyme A; NAD+,
nicotinamide adenine dinucleotide; NADH, nicotinamide adenine dinucleotide (reduced form); FAD+, flavin adenine dinucleotideadenine
dinucleotide; FADH2, flavin adenine dinucleotideadenine dinucleotide (reduced form); ATP, adenosine triphosphate; ADP, adenosine
diphosphate; GTP, guanosine triphosphate; GDP, guanosine diphosphate; GAPDH, glyceraldehyde-3-phosphate dehydrogenase; ALDH,
aldehyde dehydrogenase; SDH, sorbitol dehydrogenase; LDH (H), lactate dehydrogenase (H type); 2(SC), S-(2-succinyl)cysteine; GA,

glyceraldehyde.
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EDEREL T, YU VIR D E, BT EIADICICRE Do

A F AL & 13, DNADX F VAL OFEEE % 574 L T
Ml EBALEZ M 2RATH L. HEZMIET S &,
HOWNA TN T 74 MLBLAZ4TH 2 & T, DNAF D X
FMEEN TRV MY 3T T VIV ZER & 5060
—Ji. AFIULRMOBHi 2T T b Y My RS
NI, P r0FEFEKL, o T NATILT 74 ML
PRIIE, RSS2 ADNATE 5, DNAY—7
I —TZDEVEHRT T LICE5T, AT VLD
AR BHEE) Db b, 7272 L. A FIVILAE & I
FREns ol fikc A F Vb Lzo by v 2
LTWb b TlEhv, X F AL L, X F 1k,
MY X F AL, VKR, TV FRfLE Vo 2kk A
BB HIA EEN TV D,

AFVALERHIEIC L > T, AR 2 b2 o 72,
BALE EDIZAFIALER I BAL T H 2 &, HERIE 7 & pE

(8)

LA N L ADSBRIRFE CTlE A F IV ALAE i O ZAL SR AE
5yk7bxmé&ntﬁ”3) TN aA—ALNRE D AR AISA &
MR B ASDNA XA F VAL 2 BT % & v ) i 2 Bk
TV, 7T R BRICE T, FEFMICI N D
WRZMALPEL LM TE L, 2O XHITHEL AL
NG T ET ) LA L TRV E R RIZTOTH b,

4. MR 2 S MR 9602 2 % @ A

T 2 IR O MR 7)) 3 — 77 2 Sk & B i A
ROLN, TANVF—IFEOEE 23D o 6w T
fa=e BB MIIa 720 T <. S OMIIZHAAES 2T/
Wl (INVTAT) ThDH. ENEITERZIEESCHEDODH
BRRE & e L. RN o BRI # % B B & A5 5%
B IR I E SRS LT B s, BIIFRET
EHRIFEAEIZ OO SN D, ZORNIIARHTSH S,

HAEENBI T (simple fatty liver) (XIS (K1)
WelhdE A L7 IREECTH % TRIGFEETFICNI T Vs
Jta—)v (M7 Vs )ka—)) Lol A5Fa— LT
ATNVOR (a7) 2@ Hig) Ve ChefEE) L LT
R S 200, HAEVEIRIGIT O F %13 BAF <. IRl
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WEEF o 72T H R R O S v, T4
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NTWD EHEHL Tnd,

FRIEIF IR ZE v, 00, J90E. AL 25T - 72 e
R4 T % (Fig. 7)o Kl (=57 —)VIBID 255 5
ET NV a— VKRR E F U ALDHE L2 8
=N/ TRV T RRHIZLD . NAD+AHE S,
BIEMO=ZaF > 7INT7F=Y VX7 L4 F F(NADH)
AER S D, NADH BFERAE X, FFHIAL o BR ilE & 6 %
FlE L. NADHIZ &Y gk ot % ik & v b 72 o gl
JF 25 #4727, NAD+IZHE 4 OBER S OHMIK T & L
TER L. ENENDPEELILTH S, - T, Bk
ANV A (77 e KiEHE) [ K3 52 NAD+/NADHD
ToaELI FEOIKT) 25, BAERRDFE LT F 2 5.
NEIEIF R ~DEZEARIED B DOBERTH 5 EHEM LT
Wb ZORBEORRPITFCIIEMEMAE (E12iFhEk, <2
07 7=, 7 v 58— #lifd) O & & QIS RKAEMZ LD -
72 IRFEE DS R IBIT %% (steatohepatitis) T %o NRITHT 2 25k
79 % &AL DS HE A RFIEZE IS D o FFIEE O 3 R B i
LB DI TORMIF2E. MM LEIZLA LD

Hepatocyte
HFD
O ROS

ZRWIE B 20 5 A £ TIRIL < PRISHAMEIL O HETTE
THRT Do BRI IMEIFEZ O ML 2 SR A3 9
HdHLVEH KL TWE I DL,

NE IR 9602 5 & I 5 RRE M I i h Bk DS SR T, ~
ra7r—=, 73— filBbEo 5 N5, TNHOMBEO
3Bl 2 RAGEIX, AGEs & #& LCTHRIEME T A b A~
(TNFa [tumor necrosis factor o] % IL6 [interleukin-6])
WL T, RIEEZERT L, ToOME, MilEENE
EENb,

Leung CHIIHELA NV ADSERIFIF KA MBS L2 L
AEBRIIORL T 5%Y, EERTIX, 6 AT+ =
a1) V/R:Z (MCD) f£% F v MZ5 2721, 6% AGEs
U MCD E%#5 LC. IBIFESH#EITTLZ 2R
L72%, % AGEs MCD &%, MCD Hah& & I L <. fiF
ik AGEs & m A Hms &, M7+ F, NADPHIKS
PEROS A, HNEfHINY. NRIHANE. SEMET A b A
B IO HMEIERIE (a-SMA [o-smooth muscle actin].
CTGF [connective tissue growth factor]. COL1A, ¥ 1

Simple fatty liver

oF
Amadori-PE 1

‘AldehydesT Fatty acid-derived aldehydes T GA 1 ‘ ) AGEs?T

Factors
GSH | === ROS*T

Procollagen glycation 1

GSH] 4HNE1?T \

NAD+ | === TCA cycle disorder 1

LRP1 gene promotor glycation 1

Epigenetic glycation

Fumarate ! me 2SC-GAPDH 1
2SC-adiponectin 1

AGEs
RAGE

Insulin resistance

yfle:ct::pllll;lse Insulin glycation{
Ito cell Kupf fell)' ce%l NADPH oxidase 4 Inflammation 1
Fibroblast ‘ NFxB 1
Collagen T ROS T
Fibrosis Inflammation | == Cytokine {
l ]
Steatohepatitis

Amadori-PE rich ?

Fig.7. From fatty liver to steatohepatitis.

Excess aldehydes cause proteins, lipids, and DNA to undergo glycation modifications. This places a strain on aldehyde metabolic
enzymes, which consume and decrease NAD+ and GSH. Fibrosis progresses in fibroblasts and Ito cells. RAGE in immune response
cells is stimulated, releasing inflammatory cytokines. Amadori-PE increases in lipid droplets. The combined effects of these changes
lead to steatohepatitis. The involvement of LRP1 remains to be determined. HFD, high fat diet; ROS, reactive oxygen species; GA,
glutaraldehyde; 4HNE, 4- hydroxynonenal; AGEs, advanced glycation endproducts; RAGE, receptor for AGEs; Amadori-PE, Amadori-
glycated phosphatidylethanolamine; GAPDH, glyceraldehyde-3-phosphate dehydrogenase; NAD+, nicotinamide adenine dinucleotide;
GSH, glutathione; LRP1, low-density lipoprotein receptor related protein 1; 2(SC), S-(2-succinyl)cysteine; NADPH, nicotinamide adenine
dinucleotide phosphate (reduced form); NADH, nicotinamide adenine dinucleotide (reduced form); NF«xB, nuclear factor kB; Ito cell,

hepatic stellate cell.
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ERE LS L, MO R R L, 27—
FUBEENTUET b0 FRMHEORKIZOELEb LD,
AGEs s A oG AL & 15l 2125 L. ROS O BEAE |2
D% HBH®),

RO 70T F Fid, BERGEICHEMRIC L S
AT UEREHET S, L L, 7HIAT=F DN
VEF VLR TORTF IR T I TLVFERICL T
Biishs e, PFHEMBSIETE 70357 Ve T
%Y, 74—y ZHfI2 S 1ZTN, 3T =7 VgL
PEMT %o TN I IWIKFREZEDOFH I 7ea -7
v E B AT S A, AL AT LTS 5 FHEHIEIN
OGSHEF=R WA T 5L, 187 -7 mRNASH
BEOT -7 VEAEOEENEMT 2, TN T VT
v NS T, 4HNEZR EDRIEEH R 7 V7 e 5 HF
RRAESEHIIBI S B A a7 — 7 VHERERRR L . AL 23
HEE N5,

ARV ViBHME

FEBART 251213034 A VARPUEA BEE L T b, Fix
7% IRI (immuno-reactive insulin) & L Cill%E L TWwWb A &~
A MER LIS LD A 2 VIRPUEIR. TV TR

FBE OS2 R D FGENE. M S, B 7
VT B RERR pAIIE PN T A VA A DB R A 5 1
EHATWBNLTHbH, PMIETIE, TLTaA A >,
TUA Y A) YRR T A VA UG ENS (Fig.8) ¥

=
Insulin | g
Q
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B-chain

Fig. 8. Glycative modification in the stage of insulin biosynthesis.

The process of insulin biosynthesis in pancreatic 3 cells is affected by glycation stress (excess aldehydes). When the residues of Arg or Lys
of the proinsulin B chain are glycated, it becomes protease resistant and the C chain cannot be cleaved. This increases the rate of proinsulin
secretion and increases the IRI value, which cross-recognizes proinsulin and insulin. Glycated insulin has no insulin activity, so the rate of
active insulin in the IRI decreases. AL, aldehyde; IRI. immuno-reactive insulin.
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KRG 2 S IR Je~ : 7V Fe R o5

AVA) B ECAKTF FE D% Arg 31-Arg 32, 7
S5UNIZCRTFREASE D% Lys 64-Arg 657 #1L
Bz bE, CHMENCZBIT 2707 a7 AR
(proprotein convertase) | & 2 YJWF A W EEIZ % B T D72
DR TaA Y 2) Y A VA Y DEREE B, T
I—2ANIIEE LT, CORRE -T2 2
Vol AR U END, — ik A S HEIET HIRLIE Y
A YA) A VA) Y OWMBELZELHTH 5. HEIRA
BETIEIA Y A) YO 9 BhMELIEH %27 TB Y, HE
LA > 2) EbizRe A v 2 ViEE 2w (Fig. 8) o
7V T b K EEIREE Tld, IRIIC 50 5 GRS 1 >~ A
) Y OREIEIET T 5, Zhdi( 2 st o
FERETH D,

« S NIV RYT7OBRES

TV e R g UL M B L % 5. GAPDH,
ALDH. 7 %L — 213 7)ViGE % 50 5L NAD+ &
GSH#* H# 3 %o GSHA A LT 5 EROSTHZE A Fi# (12
) PR R I 2B B BRIEE OB ATHEA . Hi
BT VT RS E5ICH 2 520 ) BIFERICH 5.
—7Ji. NAD+ R EIEIbI Y7 OTCARIKIZE Ex
FAF L, MBS FL MO R b, TOREFE, ATPIE
EOETFICMAZ T, 7 VBRSBTS 5 (Fig. 6) 7™,

7 <)V (fumaric acid) 1 3&EH / R7F KO AT A
V¥ HE (-SH) & KOG LT, S-(2-succinyl) cysteine (2SC)
ERT D, INLEAEMREBHO —THETDH 5.
IV URNY T AL T Y IVEEIZGAPDH & b K6 L
T 2SC-GAPDH % A 1§, & O#5 GAPDH OB Z G
BT $2™, ZORKE, BHEEELTLVTLFELTELS
GA. fAfERTHEL 5GA, R F — VR TEL 5GAIZ
L MRHREN A HE LT T2 HEICHD,

R EZ G52 TR L FREE T VY AT, T
##RGAPDH®D & 1L N )L 0 & T, 14 o GA. MGO
LERAEBFDTHLEDD, BELL T, SEHEICHERS N
7oNRIR SR 70 7 e B RS 3 % 729 GAPDH R
ALDH 7% 7 V#f8) & 72 ) NAD+ % 4 . TCAY 1 7 L
RERE CTH L7727 < VERIC X D 2SC-GAPDH 75 4: U C %
REMHE T2 2720, M3 GAMMIZE 7z L HEN L Tw»
%o GADFIBTEIZHRD TE 725, JEFH O HHEE R 5 i
B & BSOS LC, BEABUGSIICHE 2 DS 7 VT e R & AR
T 5o HELIENEEAS b EL 5 MGO D IISE bk I3 2e
JE#F 300 ~ 400 nmol/LC. 75g 7V I — A IHERL30 43
#%1230~40% 73+ 2%,

*LRP1DFEBHIEYS/LE(L

LDL 4 AB#EEHE 1 (LRPL)E, #4037 B
LOVLDLV &4 ¥ M) REHEOMEES ) 77V AIZB
WCEEREH ZH-TBY ., ZoMEEREIL. 0. 5
WRAE. TEM B & BE LT 5707, LRPLZITFIK T%
CBEBLTBY, 7us 4 F—YHEWEEAE, LY
VEBEEAR, FuIsar LAy b RE LR R T

(11)

& H A OIEBRG T OBRERED, 4L OABSFR 7O
ATHRELTWA, LRPIZEIA N 7YY RO RSB
LU HDLMEDO KT L OBI#E ™ 25 R)v s v Fu—
LEHFEY A VIO S 5 Z LRI E N TS, LRP1
2 DWW, in vitro Ml G 28 S BR P MLAR AR 5219 LRP1 R
BOLHANE 79y 7T b~ A EHW R4 7 in vivo T
Db TNHOWIZERELD . b MIBIU 5 HAEN
EH S PRITIF 21238 5 A 71 = X LI ZLRP1 # B4 25
HLCTHREMIEE .

LRPUIIFAEBMY YTy 2B E R T, #fnT 07
0E— % — (DNADIRE A FAG & L5 HI8) Ol
L o CIRAEHN Ty 28 ko 2 LT S id R
%%ho LRPIBEIETOTOE—y—I3IFIC T T ) 2L %
I Led v FHE S, Barié NIZRAGEIZH~T LRP1
T Er ) ARTICHETH D IR L TWw a8, 2 Fu
{LEBAL S HE 2 5 2 L2 &), Z DFIET (FLiE 12q13.3) (dH#x
BORTEEDICHEEFIH S, D% ke, Bz
XA S DOFECTHEREDFOPLICBET 2 HRE. A7
fEE SN D, LRPL#EET 7HE—F —DDNA X F AL
FGATHAZIVHIZHET L ITLZ &, S Tat R
REIRL S D REN L ERNTH S,

ZZT. [ L DT TDNAA F AL EFRL CTHERIC
EHNVKRZ b, TUFMER EEF B & T v
HZE ] HBWETVENSH L, LRPIELFTUE—S —
ECpGTA TP EBETEHEEINTED ., DNA X F VLK
ZUDFE V. THDLEFLAN LA (7T L FEHE) & vo
LY T Ay oA R MIEY, JEEHEN R DNAD
IV RZVALBEI SR Z DR T WAL TH S, DNA X F
WAL T < DNADV R Z )VALIESAE D L )b | 512 B
L. LRP1EGEENSET L. CpG L 2358 4512 A F v
ILENDLEEEFLEREEIHEE L. LRP1OFE A ER
TLDTH 5%,

IR, BB Z 0 TR < IFRE RO T 74
fEb 1 CTd 25, ML BT 2LRP1OZHIL. =ik
Jif5 e DR g 05 P R0 B 0 I 9 2ok 3 2 B et & L C R
H B30 AP, LRP1 OFHMET U, Bl %
DY A7 1EEE S, LRPLL NV i, IR0
BARE HEEL T, B 5 LRPIAE
fbik. HF &FFZ ARG, M pEpeRE . 1 > 2 0) IRk,
B LRI EAL S8 5%, JFiE LRP1AE R LIZ, &
FEa L 27— v EAHE R E RIT L. FFEED SR
PEIFJe~ D HEAT % s & & 28580 LPR1 &1 % S8 B K
T OZ®ZFHRE T 5%,

LRPIAEBALO BRI oW, SEHEIRERT 2
NERSEEHISE 7 V7 & FAYLRP1# (5T 7 U € — ¥ —fHif D
b DAIVERZ VLB & &R LT, LRP1ZE B DMK
TLAEWIREPHETE S,

IES ) DEALIZe AN P2 A LAY, HFiCe AR v
BAO) D VEE TvF=vBEEoTEF VL BT &
FAL DS AP B HIETAL CTH Do B R b v T T )L R
% (histone acetyltransferase: HAT) (2 & ) 7t Fu1lk



ENBEBIXIGELE N, A D VBT 2T VEEEIC X
DT v F b E N b EGICHEIS 205, — TR A
FUEAD I OAE, AT L, ) VML, ¥ FF
fte ¥ by oMb, 28 b= VeiBHi & =0 Ao JEARBERY
IZ1d, TUVTFe RICEoTY bRt bIsE (VK=
TUAESG) 25 %,

v A VT 2 FIVABEES (histone deacetylase: HDAC)
& #1555 K F SREBP (sterol regulatory element-binding
protein) (X FIRDONEE R D EF 1 % T 5 L CTHEER
HE 2 R72¥, HDAC31Z = A by v B 74k a 216
L. TRE N T v AR =% — (5T CA36 DIRE & 55 L,
Wi RN & A & st 3 5%, —5 . HDAC3 KiE~ 7 A
T, BEBAERL D TTHE L, BRI 7 v 7 e N RS H
DEFEE ATPEAMNT A A S, TRk &0 3IEr
BFEBAERT o T RAM OTEF ML BT
LIV SN TE R DRV, B A Uik
HAS#EFE O 7 V7 ML) B % 52T % &, HDAC 23 1%
HTE3c, IRERBRET LIFMRESEL R LM
ns,

IR EEEEY S 26N Ty ORI % T
HDAC3 DI H BN A A 5 570, Z oBRIZNREH %S
JOHEEHR T VT e K OB EE T, v A k> OFEL
IEflASEE N, MGG EAICHE L 72720, InERUG & LT
HDAC3 DB S HIL 7L E 2 b5,

6. BILA ML Z2DEE

ML~V T, AGEsiZRAGE % 4 LC, NADPH 7
U — BRI L TROSEFHIET 5 2 & 57°?, NASH
BIEDOEBER AN AL L > TW5B", AGEs 785Ul
Fa o WAL L ROSFEE BN S & 2%, 7 v 8=l b
AGEsZ 3 % £ RAGE% /- L C, ROSHEAZHINE &
%%, ROSIZ & % @ELIRE o & e B biE D & 2 121
WEIFEEE BT L5, @ LNV TORELA ML AIKGE
TlE. IRIIEE ORI & 2 BRREERH Sk 7V 7 e N AR o 1
BIIEHIZKREVWEEZ S D,

Glycative Stress Research

LAl B ZEGEEZ SN THNT A — R
WRBEF R DSFIET 2 BB 03 d Do T OH AT EfT 23
WOTREL ., BILGEENBEECTH D, — T HLEH)
B OMD THW T A — M EF (b D KREDEE R
WA E) xt G & L BIRRER O BE % 7R3 (Table 2,
FK%ET—%). 8-OHAG (8-hydroxy-deoxyguanosine) | &
DNA (s 77 =) OB LG, 1V 7725 ik
PEMiEE DAL OB L SN Twb, TAY —MERIT
E 2N S DFREEDS — R H & 12X 8-OHAG 2510 ~ 20
e AV TIT AT D20~ 4058 o720 T AU — ME
Mo H AN H THo 72705 4BEHD ZoMidlz
FEDLE Lol TAY)— MEFIIEO THRILA ML A
BHOEAWHE L. ROSR® 7)) —F VA IVHmE IR
HDLZEDN DD D,

TA) — FOFAINEIC b WP L ¥ — 2 RS B 72
DRI AR b b, MW7) 3 —7 Y iiE#RD
IANVF—FHELCEETH L, Lo, HERESE M
12 &) ROSTEEAEBEN 2 B &0 FFHIL A G B 20 & B
BhlEH Sk 7V 7 e R EADSEIICEH T 2. MGODHEI
XY GLONDOEM A L GSH2S K= ICHE S, T
EALBAHRE IR T 35, BB O RER SN2 KE
AGEs?', v27u 77— 27 v/ 3—H{lfBORAGE % Hil# L
FAEME A A A xR, BEFER S NS, 4T T,
BEALIBEE S 72T 5 — 4 102 X0 il % 20 72 i
LS ERILC X - THEMAL L TR I 2 b L
ToRHHIL 25 3 T — 7 VAN 2 AL 2SE T, IR
FHBFAC SE & ML A G b S o TIRIIIFRICE L EE 25
N5%

EHIZTAY) = MEFEOREV MDD, TAY— Mk
VEBIREEAS D L BFRZ XD 2OV 3 — Ao A3
L. FFRBIC B THE AR ATLHE T 5 2 LA SN T 5,
BIZIE, 792792073/ 90 A725—FI
Lo TENE VERIZER S L, 7 Vva— 26"~ (glucose
6-phosphate: GOP) 23 4EE N5, LA L. 2024 FEDHN
WHIE SR T [~ A B W T A e BEf IR T o4

Table 2. Urinary oxidative stress indicators: Comparison between healthy subjects and hard-training athletes.

Subjcets Healthy subjects Athletes with hard training
Number 23 19

Sex M:11, F:12 M:19

Age (year) (year) 447 = 7.9 19.8 = 71.0

BMI 23.0 £ 2.1 21.8 £ 7.0
8-OHdG generation rate (ng/kg/hr) 11.3 £ 6.5 119.0 £ 54.0
15-Isoprostane generation rate (ng/kg/hr) 43 + 2.8 85.6 £ 56.2
8-OHdG/Cre (ng/mg Cre) 11.0 = 3.8 206.6 + 57.8
15-Isoprostane/Cre (ng/mg Cre) 41 £ 1.9 1675.9 £+ 1246.9

Results are expressed as mean + standard deviation. Note that oxidative stress markers are extremely high in the athletes (members of university Ekiden

Club) in season. Ekiden, long distance relay. Unpublished data.
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BbHbic
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BEEIZOWTCIE S TS ERERDD LD, BT %%
P AL I SN TW v, BFEShbns
WEET, EITE T THULEND L. RN TR
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BEfEA DL AR (B LT 7)) ICL->TTIVT e Rl
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