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Fig. 1. Impacts of glycative stress.

HFD, high fat diet; HAFD, high animal-fat diet; DM. diabetes mellitus; NAD,

nicotinamide adenine dinucleotide; GA, glyceraldehyde;

GAPDH, glyceraldehyde-3-phosphate dehydrogenase; ALDH, aldehyde dehydrogenase; MDA, malondialdehyde; HNE, hydroxynonenal; Acro,
acrolein; MGO, methylglyoxal; 3DG, 3-deoxyglucosone; GO, glyoxal; AA, acetaldehyde; AGEs, advanced glycation endproducts; RAGE,
Receptor for AGEs; WBC, white blood cell; A3, amyloid 3; 2SC,S-(2-succinyl)cysteine; ER, endoplasmic reticulum; TCA, tricarboxylic acid.
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Fig.2. Insulin synthesis in pancreatic [} cells.

The figure quoted from Reference 3. The values of IRI (immunoreactive insulin), which we usually use in clinical sites, are measured
using antigenicity against specific parts of insulin peptide. Immunological cross-reactivity is shown. There are cross-reactions in

proinsulin and intermediate products in biosynthesis systems, and the obtained measurement values do not represent only insulin.
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Fig.3. IRI compositional changes by exercise (speculated schematic).

If physical exercise decreases glycative stress, expectedly insulin action would increase despite the decrease in
IRI. IRI, immune reactive insulin; Gly, glycated proinsulin or insulin. The figure quoted from Reference 29.
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Fig. 4. AP cascade: Impacts of glycative stress and protection by sleep quality/melatonin.
The figure based on data from Reference 30. Af3, amyloid §; APP, amyloid-fprecursor protein.
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TEBE->TBY.. SROFEEIE THLA M ZABAR Y
V75U ARKT SR, BIROEM LIZHE) AT =

Fig. 5. AP phagocytosis by microglia: Fluorescence microscopy image.
a) AP phagocytosis, b) Glycated-Af phagocytosis, €) A phagocytosis with melatonin (100 uM). Images (x 100) of cultured cells 10 days
after seeding (8 days after addition of Af). The bar indicates 200 pm. Fluorescence-labelled A} (TAMRA-AR, Cosmo Bio, Japan) and rat-
derived microglia primary culture cells (Cosmo Bio, Japan) were used. Red color portions indicate Af-derived fluorescence uptaken by
microglia. Note that AP phagocytosis was inhibited by Af glycation and accelerated by the addition of melatonin. Glycated-Af} was prepared by
MGO treatment (10 mM, one day). Figures quoted from Reference 30. A, amyloid ; MGO, methylglyoxal.
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4.1. Bifeng
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RTUTFY = 2K LB ERT 2 L SRS B
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GAPDH IS EHNEH D10% ~20% % 55 513 &k
EICHIEL. R TIE, NADZ#iIFEEZ L LT, 7)1
TIVT R 3-1) YW (glyceraldehyde-3-phosphate; G3P)
% 1,3-BPGIZZHT 575, ZORUSIZI3Hi#E S NAD 2°
5NADH (nicotinamide adenine dinucleotide) 3% G X
RO/ ONLETANTF =P ETH D,
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(nmol/initial cell number)

0 20 40 60 80 100 120
KA (uM)
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P & B AL AN L A OBETH ) . . B
SRERAREA 1 B2 M (podocyte) 1213 GAPDH 2845124\,
CORENPHESND L. MEANATGAD B IML ., Mz
BAEICHaY . T T e RIS 2B EBRRE AT L, AP
GAEED 55 (Fig. 6)”. GAPDH {14 % %% % i
DERENMET > T D, 70l FHIHEY O GAPDH i 1 1
BRUER AT S S hCTwn s ™),

F)FFH T —-XRIE, BILH VY FF 2 (reduced
glutathione: GSH) Ol % =13 C. MGOZ FLERICAH 5
HEMZEAT Do . BEICEETN, LAV A
PilcEE T 50,

ALDHRZ 19D T A V¥ A 2535, ALDH2 D58
BN 0%, FICE < EE N5, ALDH21Z
TEMT VTR FERICRH T2 Tl STV
Fe RIS LBEEHEET 5. Bl21E GAIZZ ) &) v
g, 77 a— V7 LVFe RIEZ ) a—viE~, MGOIZY
VE VBB E NS, ALDH2 i& ARG R, gt
Rl EEERNCG T SN DA EIETERLE b b A s L
A B IR RE A% R o

iz, MBEA A ZIZED T VT RAN=I D EL
RTVWANELECICCWADREET 2HRIHFEH LTV 5,
TVFERERBLRLTWT VTR NSy FHE A T
WZELCHEET L, 7TV TR IEELE NPTV, FlZ
2. BUHIRIER T 7~V — VIS & B IFRE E R 121
GODM5HHY, GOLT v FIZX ) FHT& L HEM

Medium

Glyceraldehyde (nmol/mL)

120
KA (uM)

Fig. 6. Effect of KA on HCT116 cell intracellular and medium GA.
HCT116 cells (1 x 105) were inoculated on a 24 well plate and incubated in a high glucose DMEM medium containing antibiotics and 10%
fetal bovine serum. KA was added to the medium one day after inoculation. Cells were harvested 7 days after inoculation and washed with the
medium. Intracellular GA was extracted with 75 % ethanol. The intracellular (a) and medium (b) GA was quantified by the method of Martin-
Morales et al. (Reference 8). Cells after 6-day incubation with KA (¢: 0 uM, d: 20 uM, and e: 100 uM ) were photographed (lower). Figures

quoted from Reference 7. KA, koningin acid; GA, glyceraldehyde.
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BIE HT7 VT e RIREETIR. IFa VMY T7OTCA
A ZWVEEIGRIY . 7 VEHEN, X7 F 2K
TEYATAYDOFF—=NE (-SH) 3927 ¥ =1t (S-(2-
succinyl) cysteine [2SC] formation) 7% &2 S % 1219,
CHEEHEOIFABRNIREBHO—-TETH S,

v YR T TiE, TCAYA 2V 3 & s TNAD
DG L TW5, &SI &7V 7T e NRETIE, 7V T
v FRE#EESE D95 GAPDH E ALDH A, NAD% FIH L
TT VT RER#T L7290, 7TV T e N2 I1E NAD
RIS ZDTDF A7V M ICHEETE R LD
EEZLNTWA,

P AL EHDEFI & LT, 2SC-GAPDH %), 2SC-
T T4 KA F 1 2SC-heat shock protein (2SC-HSP)
19 kelch-like ECH-associated protein 1 (KEAP1)®, 3 b 2
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WMEVHY . MBNORBICKELEELG 252 EHH
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REELMIET 5 &, GAPDHIGEAME T LT, E5I1ICT7 v
TERFPRDE W) EWEEETIAIIVBELET ST EEIR
LTw3Y,

PG Tld, TCAY A 7 VIEEIZLY2SC-7 T4 K
2 FBEE)DVEREND, TTARIT T (35ak)
D Cys-39 FF— ¥ (-SH) 7347 v = b2 L, U2
W74 FREEDIELTET, BEEBMED 6= AR DTEL
ENBnizo, B TRT7 T4 RA7F 2 (6 81K Ol
BEFKT T2, TTARRZF 34 A AN
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MICHE L. TRERESK T, &AL A ML AN EES 5 &
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mononucleotide (NMN) 300 mg/ H % 8. #&I1#%5 L
RO N S 5. TOME. LA ML A
HIFEIE L C. HbAlc & F7 f§ AGEs IR H# 65 % (skin
autofluorescence: SAF) OHERIK T, EHT7 714K 4
7 F OB ERNEINE RO 7%, SAF 12 AGE Reader 12T
IR HEAGIHIE U 72 B2 8 O AGEs R & HEE S 1L 4 HiE
ETHY, HEALAPLAEEBEE LTLELIEIHVwSRTY
% 066D W B ISR L3V 2 30/ DL EEITILRT,

(8)
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HHEEEDS A CWDH, NMNBHBIZED, S ha v Y
THONAD 25+ 4 #I2E LTCAY A 7 Vo MEIL L.
GAPDH R 7 74 KA 7 F v D% 73 = VLS iR S 7
TREED S 2o NADAERFIZIZ. NMNOHiFE A AR TH
HILERETHHATH S,

4.3, [IERDOE ] 11 Lok

FEAL A b L ARSI Sk LB, 2 L C R
DB WPRER D, EHEFEE, BEINCOMmAEA A
7P - 7V T e KT w7 @AGEs £ #H. DAGEs
FIRREIC T TSN, RAGINOGOEREFTLAE
M OB BN L T b, &ho) —EIRE O/
60 %% 5 % AL DOV TIE, SR OIERUE 3%
LCWae ZKIZEZNDy 4 ) — VOFEHM S 11,
B AR AR RE LRI SR & L CH R W REE D 5 o

[HEARDE | LR AU IS B 2 RITLE D)o B
AL A b LA A% 5B PRI TR 40 % A% i IR B & %
GHFL TS0 BEIRO B AMETT U 72 B R R I W% A 46 B
(sleep apnea syndrome: SAS) Tid. Jliw <> 55 R % A BF
T HHED T, LA L AR SAF IS REAR 5
RSB L2, EIRE M 08\ E Tld SAFEO i
WD LHARE (Y7 h) $57, BLAML A% BT
5729120, AR L IRIREE S 2 2o T [ &R
AWAT L CERTLIENEETH 5,

[HERROE ] LHERE A S8 L LT, HfEL - L BN
ENTVLONRAT = ORERB~OIEHTH S, A
I+ = VX AGEs O & BN HIE I % $5 72 72 w25, AGEs
SRR A AT 57 WIRICAT =Y 2 IRAT 5 &
B OEHBEMBEDS BN S ND, ZNHDOBRETEHICLD
AL AL ADSWA T 5o

A= U HEREAHM 2 UGE L, ML A ML A &N
THHF % Fig. 712F kw7270,

B—IZ AT b= B 2 3577, Zudidtk
1% 3% 7# (reactive oxygen species: ROS) % 1§29 % HIEEH
& Pk b (B0 superoxide dismutase (SOD), gluthatione
peroxidase) O Y% 11T 2 1EH O 12D 38, F 7
N-acetyl-N-formyl-5-methoxykynuramine (AFMK). N1-
acetyl-5-methoxykynuramine (AMK) 7 & O H# s & Hi
BALVERZH T %,

HTUIA T b= VX AGEs HEGEE 2 3 27 i
PRI 70 & AU SR R LIRS B MR OER A M L A3 7T
HEL A V2 VAR T3 270, AGEs & B B Al o
ERAMLZAZBREE, 4 A VgL, DWEERTSE
%% AGEs 2343 f# 12 £ ) i A 3 1LIZ ER A b L A AV 8
ENDLZEIZEY, KT LA YR Ve IET 5
LEZLNLY,

EZEARNVEZRZNLEHTH D, AT b= VIEIE
RE»LOME VT I F (Bl cortisol) 7 & KT &
Do HHINTF T4 Fi3EEFLOTUHE R O FEH £ %
FTEEBIT, A A VRS TS E LT LT, mil
WeRERIND, BHINVF 34 FiGEMED95%% cortisol



BLANL R T LX)V

A

=

& Z OBk

Melatonin

— N

ROS | AGEs |

Cortisol |
Orexin amplitude |

TG |
HDL-C !

[

Carbohydrate metabolism

modulation

N

Insulin sensitivity modulatW

Lipid metabolism

modulation

Glycative stress |

Fig. 7. Melatonin and glycative stress.

The figure quoted from Reference 77. ROS, reactive oxygen species; AGEs, advanced glycation endproducts; TG,
triglyceride; HDL-C, high-density lipoprotein cholesterol.

A IR ERB IS T A EHEEHEE T 5. BEANL
A THr s &5 cortisol 13 IR & 75 R 1E R (lypolysis) % A
U HEEL IREL. 7 /Mo I3y B THHZRAET %,
— 77 cortisol O 18 % i 3# ) IR & T3 B & 15 © PPARY
(peroxisome proliferator-activated receptor y) & #iffill L T
Ml &A% Eike$ 5%,

AAVEyO—fF LI VIIEBIEREZAE L. &
BAMRAIIEMEZ R L, s BMIZswaIns
LdF VU RIE) o 4 L D I IS X ) 2R 2T
R A C AT T IS C o s R S 550, L
F U VRIEIIINEG I VAT B A L F T2 LA
AR B L& 5720, ML E w1k 720
I3 LF Y VIRIEE RO LR TH L, X TP =
BEEIZTE L LF D Ve TSR 28125
T LF T URIFEZRESE S,

BINIE A7 b= ORERBLEEHTH 5, &R
MAE % 23 2 EEREW TIE AT b= G TR
(triglyceride: TG). fRILE ) KEHILATH = (low-
density lipoprotein cholesterol: LDL-C) # N &+ 4 1F
Hirdh ., #E7 v ThbEmkEY) REHILVATT—)b
(high-density lipoprotein cholesterol: HDL-C) 5 &4 2
WA, XG P2V BGATEN A YA VU UET S
ZENH—HITA A HEH RN LTV 5o BRI
T v M TIEAT b= VWS RN L ORI AR 22 2 7R
TS HERERBOEEEEERODIZXA TR

(9)

VIAEELEEERLZLTWA I ENbRS, AT
RELERNCIEN T 5 & . B0 AR EA SRR S
%76)0

DEoda>0x T = VEREEE 2 2T 7205, —EiE A
YA AMERE AL, A EEIHERERH R T 5,

T B MR~ O/ERE P L CHAMTIE eV As, BERIF ST
Hid B\ TR 2 BUREFRIE &\ o 72 8 A A U ILE 00 IKRE
TIEHAT N VIFZEER A 2 2 V2 KT &4 5197, —T5,
B TIEA YA AEHP RS NIV 3 — ALY A A
A FAL L1 4 R & L C HOMA-IR (homeostasis
model assessment of insulin resistance) (&35 = & 7
By A YA VEPUEIEER L - L I C & B, F oL BE
LA L ARBEALA N L A D350\ K EE Tld AGEs A pi i A%
BN, BEBMMER ANL AN MR L, A2 A VE &
FWABIET T 5, 20X RIRECEPUBRILER L OB
WEALVEH (AGEs i) 2 /3 % 2T~ = 38 B Al
DA YA VWISHIBNAER T 50 AT b= vk
T2 BERBIAED VA HTTH B, A=
RO LKA & PRI D BIG- LTl 19, B
MR E RO A ST TRV F—RB LRI D -
TWwbEEZObN5,

[EROE ] KT EMHY XADFEIUTZADIFRED ) 27
2 51 R AIRAIZ WS NS A5 b= 3B L
ER® & BubE b/ (AGEs IR V2 F L. A
R O % BALAN L ARBEAL AL A D S RET % EH



FRELTWD, AT~ = VIZARBDARINH ", AR&KEE
o 10O g oA 2 Y AR 2 ) T T VA DU
W N ORI IO L s AEHOWME DR H D, AT
M=, w2 Ly =Y OFEBBE Ay N7 2R EH T 5
2L T, APPOT Ut v 7l ABO AR E BB AER 3
19, ZhbnZ s [HEROE] EAD % & 0T 5 14
FELTAT M=V ER SR TR, it T, [HRIR
DE]#UHELTAT NV FWERED D 120D EETRE
FAD DHERETF D0 &GO LRETH S,

4.4 FpREHE)
PEALA ML R X BB~ OB L BB PP

EAERNL, 2 BERBEICB VT, A YA IR0k
E, RO E. REARBOUEIROLND,

RO A 2 A ¥ ZHRIA R) U HREET 5
& BRI @ glucose transporter 4 (GLUT4) %S flE~FAT
L(bgrralr—3r), ZLa—RIEGLUT4 #4-L T
MEAICI D AE NG, BERGER R+ 77500
ATGA T4V T) WELLE, GLUT4 O & & T-HE AN
L. MR OGLUT4 23813 218, A > A1) &R 2
EEGLUT4A A2 5 2 LT, VI =20 AARL)
KR EE DL, TNUTEINC L DA > 2) VIRPEdcERT
D—DThho WLANL AKEL L THMOTHEMTH S
s, 2EMEREOWGHERTHO—E L LTH) Ans
nNTws,

TN A—=ADHK)T0 %o \ LB IZH AFITHHEI NS,
L2, BEOHEEGEYEDLE CTIEEICLI%T DD
BT 5o EOWMBIRELFHEHIE (FLax=7) Th
b0 — T\ HERBEEHETERHES RN TVWEDIZH 2
PHST, HIIPIETLTCWATr—AnH b, YA
FARZTFEMIEN LW, B (340, TrFY)
DIHEALISET L C. MPERRESREE SN T i b L FE
ZAOND, BRGKEZKT ISR T& LT, LA
LA H ST 5122,

H CMLAED A5 1 710 AT T 0 ) A 7 K+
THHIEDNMEENTZODV RN TH L2315, Zokto
TERHEEZ N RICL 2 OBEERFEICL-> T, Ih
AGEs X SAF® 5255 )1 R BB B RE OIR T LA 975
EMRENT VD, SAFDEEOLEEE TIXEGRHATIR
HHORTARSNLEZERNS, HLZA ML X 5 EH)
FREEB L OB E N ORI ERICHEBRRCAELT
VB I REVE TR ST g PR 1I26 12T

AGEsHRHIC & 2 MBI AE B L OB M BE DR T 2%
CHERELTIE, £—I12, IFTURTrFY, bR
IF T U EORIIEE R E B S 5L % = DU
BEESMETLTCLE) SN BTN, /-0 M
fadt~ v v 7 2 #E & D254k R ATPase i 1 O 122132
EEMREREOR T P PG5 bRIBENT

—

W5,
% AN O S EREE O AGEs % & € £ % 16 38 1%
W/ 2 A, BN 2 IRAET 2 %H % 5> myogenic

(10)
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factor 5 (Myf5) 3 X 0¥ myogenic differentiation 1 (MyoD)
DOFEBULT R, BEHEAW 2 RAES 2 %E % F#2 insulin-
like growth factor 1 (IGF-1) < 7 FWVARED K55 75 B8
S, HmEOMT A A L7241, MGO% ~ 7 A 1220
FARAC S B 72T, s T IS BE L Ty A
142 THLIL-1BRIL-6 D#EZFEBANINT 22
LEMERLTHEY . LA AR Y ZF VRN L
TEAEORANEH % Bl 5 1R R S 719,
JEE) O fl I AR RN IIMMAZEZ DD D . FFIS, BERIE R
FHXmEE TIMAES RS, SASTAREE 5%
EEFIRDIBSLIUC W EFS bR TR0, LA L
ZAZ &N B E D HEA LB A S AT AGEs AY A L 7248 4
BRI TR T S5 b1, HIERESKTY
%o & BT [TEEHPUNE (exercise-resistance) | 734U %o
CAUTEB L DA LIRS U CVIREEE FIR T
B, EEHERITEAE U SRS, B AR E A G0 5
CENEHETHL,

5. b HIcC

WEALA DL RZTED B R DY F T HIRORE 4 22 51125

BaRIZTL. b b OREEMEFR: & NGB R B O F B <
bbb, HLAN AXP KA EBERT2I)XEETH 5 EH
BEIZOWTH, BF (58 - Mgtk - ReigEy) -
hE (FHRARES) - FEEHEE) - ME (MR - A LA
X)) ORMICEERE Y NPT Do EE R LI,
fLANV AR TE T 5 & BT A 2012 X0 iR kB
DERFPPREINLZLTHY) ., BHEH~CEICL) EH)
EHEAER SN, EBCEAMELEZLICL RSB
LTHbH, ADEBICHITIIL, H#ITL7ZADDEE. Bl
RANOEIFIHETH B0 BRIL AL 22X DO NEE
AL 2B & B L AN L ARR OB D SAP DHELE T Fj
T 5D BEEHICMZ T, 7TV TeRFxRs LT
OFFEFED, [IEROE ] MEExATb=vOERICOWV
THEIAIFARETH L), 5. PUHEALIIFEAEILL T
S DS ANBIRLBHSHI LT, E¥L L THAFEE
ENDHILRYITEATV S,

WF B

EREFAAE L0 BT ZE B & ) 72 (JSPS KAKENHI
#26350917, #17K01880, 20K11593) ,

AR RS

FH % Lo



BEALZ R L R 5T LNV DR E L 2 o i A

SE R

1) Nagai R, Mori T, Yamamoto Y, et al. Significance of
advanced glycation end products in aging-related disease.
Anti-Aging Med. 2010; 7: 112-119.

2) Ichihashi M, Yagi M, Nomoto K, et al. Glycation stress
and photoaging in skin. Anti-Aging Med. 2011; 8: 23-29.

3) Yonei Y, Yagi M, Takabe W. Stop the "Vicious Cycle"
induced by glycative stress. Glycative Stress Res. 2020; 7:
13-21.

4) Yonei Y, Yagi M, Takabe W. Glycative stress and sleep
quality. Prime: International Journal of Aesthetic & Anti-
Ageing Med. 2018; 8: 19-23.

5) Maessen DE, Hanssen NM, Scheijen JL, et al. Post-
glucose load plasma o-dicarbonyl concentrations are
increased in individuals with impaired glucose metabolism
and type 2 diabetes: The CODAM study. Diabetes Care.
2015; 38: 913-920.

6) Yonei Y, Yagi M, Takabe W, et al. Skin aging: Oxidative
stress and glycative stress. Journal of Society Cosmetic
Chemists Japan.2019; 53: 83-90. (in Japanese)
https://www.jstage.jst.go.jp/article/sccj/53/2/53_83/_pdf

7) Sato K, Zheng Y, Martin-Morales A, et al. Generation of
short chain aldehydes and glyceraldehyde 3-phosphate
dehydrogenase (GAPDH). Glycative Stress Res. 2022; 9:
129-134.

8) Martin-Morales A, Arakawa T, Sato M, et al. Development
of a method for quantitation of glyceraldehyde in various
body compartments of rodents and humans. J Agric Food
Chem. 2021; 69: 13246-13254.

9) Kato Y. The formation of lipid hydroperoxide-derived
amide-type lysine adducts on proteins: A review of current
knowledge. Subcell Biochem. 2014; 77: 21-39.

10) Sugiyama A, Sun J. Immunochemical detection of lipid
hydroperoxide- and aldehyde-modified proteins in diseases.
Subcell Biochem. 2014;77: 115-25.

11) Takahashi R, Fujioka S, Oe T, et al. Stable isotope labeling
by fatty acids in cell culture (SILFAC) coupled with isotope
pattern dependent mass spectrometry for global screening
of lipid hydroperoxide-mediated protein modifications.
J Proteomics. 2017; 166: 101-114.

12) Nagai R, Brock JW, Blatnik M, et al. Succination of protein
thiols during adipocyte maturation: A biomarker of
mitochondrial stress. J Biol Chem. 2007; 282; 34219-
34228.

13) Blatnik M, Thorpe SR, Baynes JW. Succination of proteins
by fumarate: Mechanism of inactivation of glyceraldehyde-
3-phosphate dehydrogenase in diabetes. Ann N Y Acad Sci.
2008; 1126: 272-275.

14) Frizzell N, Lima M, Baynes JW. Succination of proteins
in diabetes. Free Radic Res. 2011; 45: 101-109.

15) Yamagishi Si, Yonekura H, Yamamoto Y, et al. Advanced
glycation end products-driven angiogenesis in vitro.
Induction of the growth and tube formation of human
microvascular endothelial cells through autocrine vascular
endothelial growth factor. J Biol Chem. 1997; 272; 8723-
8730.

16) Tanaka N, Yonekura H, Yamagishi S, et al. The receptor
for advanced glycation end products is induced by the
glycation products themselves and tumor necrosis factor-
alpha through nuclear factor-kappa B, and by 17 beta-
estradiol through Sp-1 in human vascular endothelial
cells. J Biol Chem. 2000; 275; 25781-25900.

(11)

17) Yamamoto Y, Yonekura H, Watanabe T, et al. Short-
chain aldehyde-derived ligands for RAGE and their
actions on endothelial cells. Diabetes Res Clin Pract.
2007; 77; S30-S40.

18) Epstein DH, Shaham Y. Cheesecake-eating rats and the
question of food addiction. Nat Neu-rosci. 2010; 13: 529-
531.

19) Kozuka C, Yabiku K, Sunagawa S, et al. Brown rice and
its components, y-oryzanol, attenuate the preference for
high fat diet by decreasing hypothalamic endoplasmic
reticulum stress in mice. Diabetes. 2012; 61: 3084-3093.

20) Schwartz M, Barush K. The resolution of neuro-
inflammation in neuro-degeneration: Leukocyte recruitment
via the choroid plexus. EMBO J. 2014; 33: 7-22.

21)Masuzaki H, Kozuka C, Yonamine M, et al. Brown
rice-specific y-oryzanol-based novel approach toward
lifestyle-related dysfunction of brain and impaired glucose
metabolism. Glycative Stress Res. 2017; 4: 58-66.

22) McKillop AM, McCluskey JT, Boyd AC, et al. Production
and characterization of specific antibodies for evaluation
of glycated insulin in plasma and biological tissues.
J Endocrinol. 2000; 167: 153-163.

23) Boyd AC, Abdel-Wahab YH, McKillop AM, et al. Impaired
ability of glycated insulin to regulate plasma glucose and
stimulate glucose transport and metabolism in mouse
abdominal muscle. Biochim Biophys Acta.2000; 1523:128-
134.

24)McKillop AM, Mooney MH, Harriott P, et al.
Evaluation of glycated insulin in diabetic animals using
immunocytochemistry and radioimmunoassay. Biochem
Biophys Res Commun. 2001; 286: 524-528.

25) Hunter SJ, Boyd AC, O'Harte FP, et al. Demonstration of
glycated insulin in human diabetic plasma and de-creased
biological activity assessed by euglycemic-hyperinsulinemic
clamp technique in humans. Diabetes. 2003; 52: 492-498.

26) Lindsay JR, McKillop M., Mooney MH, et al. Effects
of nateglinide on the secretion of glycated insulin and
glucose tolerance in type 2 diabetes. Diabetes Res Clin
Pract. 2003; 61: 167-173.

27)McKillop AM, Lindsay JR, Au S, et al. Meal-dependent
regulation of circulating glycated insulin in type 2 diabetic
subjects. Horm Metab Res. 2006; 38: 94-97.

28) Imamura Y, Yokono K, Baba S. Blood proinsulin assay
and its significance. Japanese Journal of Clinical Chemistry.
1980; 9: 370-377. (in Japanese)
https://doi.org/10.14921/jscc1971b.9.4_370.

29)Zheng T, Yagi M, Ogura M, et al. Effects of exercise
with ultra-soft rubber bands on glucose metabolism and
endocrinology. Glycative Stress Res.2022:9:206-220.
https://doi.org/10.24659/gsr.9.4_206

30) Yonei Y, Taira T, Otaka S, et al. Amyloid beta clearance
and microglia: Effects of glycative stress and melatonin.
Glycative Stress Res. 2022; 9: 135-145.

31)Kuhla B, Liith HJ, Haferburg D, et al. Methylglyoxal,
glyoxal, and their detoxification in Alzheimer's disease.
Ann N'Y Acad Sci. 2005; 1043: 211-216.

32) Ahmed N, Ahmed U, Thornalley PJ, et al. Protein glycation,
oxidation and nitration adduct residues and free adducts
of cerebrospinal fluid in Alzheimer’s disease and link to
cognitive impairment. J Neurochem. 2005; 92: 255-263.



33)Beeri MS, Moshier E, Schmeidler J, et al. Serum
concentration of an inflammatory glycotoxin,
methylglyoxal, is associated with increased cognitive
decline in elderly individuals. Mech Ageing Dev. 2011;
132: 583-587.

34) Angeloni C, Zambonin L, Hrelia S. Role of methylglyoxal
in Alzheimer's disease. Biomed Res Int.2014;
2014:238485.

35) Dang TN, Arseneault M, Murthy V, et al. Potential role of
acrolein in neurodegeneration and in Alzheimer's disease.
Curr Mol Pharmacol. 2010; 3: 66-78.

36) Waragai M, Yoshida M, Mizoi M, et al. Increased
protein-conjugated acrolein and amyloid-340/42 ratio in
plasma of patients with mild cognitive impairment and
Alzheimer's disease. J Alzheimers Dis. 2012; 32: 33-41.

37)Huang YJ, Jin MH, Pi RB, et al. Acrolein induces
Alzheimer's disease-like pathologies in vitro and in vivo.
Toxicol Lett. 2013; 217: 184-191.

38) Igarashi K, Yoshida M, Waragai M, et al. Evaluation of
dementia by acrolein, amyloid-} and creatinine. Clin Chim
Acta. 2015; 450: 56-63.

39) Tsou HH, Hsu WC, Fuh JL, et al. Alterations in acrolein
metabolism contribute to Alzheimer's disease. J Alzheimers
Dis. 2018; 61: 571-580.

40) Chen C, ChenY, Lu J, et al. Acrolein-conjugated proteomics
in brains of adult C57BL/6 mice chronically exposed to
acrolein and aged APP/PSI transgenic AD mice. Toxicol
Lett. 2021; 344: 11-17.

41)Chen C, Lu J, Peng W, et al. Acrolein, an endogenous
aldehyde induces Alzheimer's disease-like pathologies in
mice: A new sporadic AD animal model. Pharmacol Res.
2022; 175: 106003.

42) Vitek MP, Bhattacharya K, Glendening JM, et al. Advanced
glycation end products contribute to amyloidosis in
Alzheimer disease. Proc Natl Acad Sci USA. 1994; 91:
4766-4770.

43) Smith MA, Taneda S, Richey PL, et al. Advanced Maillard
reaction end products are associated with Alzheimer
disease pathology. Proc Natl Acad Sci USA. 1994; 91:
5710-5714.

44) Horie K, Miyata T, Yasuda T, et al. Immunohistochemical
localization of advanced glycation end products,
pentosidine, and carboxymethyllysine in lipofuscin
pigments of Alzheimer's isease and aged neurons.
Biochem Biophys Res Commun. 1997; 236: 327-332.

45) Nacharaju P, Ko L, Yen SH. Characterization of in vitro
glycation sites of tau. J Neurochem. 1997; 69: 1709-
1719.

46) Yan SD, Chen X, Schmidt AM, et al. Glycated tau protein
in Alzheimer disease: A mechanism for induction of
oxidant stress. Proc Natl Acad Sci USA. 1994; 91: 7787-
7791.

47)Ledesma MD, Bonay P, Colago C, et al. Analysis of
microtubule-associated protein tau glycation in paired
helical filaments. J Biol Chem. 1994; 269: 21614-21619.

48) Nunomura A, Tamaoki T, Motohashi N, et al. The earliest
stage of cognitive impairment in transition from normal
aging to Alzheimer disease is marked by prominent
RNA oxidation invulnerable neurons. J Neuropathol Exp
Neurol. 2012; 71: 233-241.

49) Takeuchi M, Yamagishi S. Possible involvement
of advanced glycation end products (AGEs) in
thepathogenesis of Alzheimer’s disease. Curr Pharm Des.
2008; 14:973-978.

(12)

Glycative Stress Research

50) Barage SH, Sonawane KD. Amyloid cascade hypothesis:
Pathogenesis and therapeutic strategies in Alzheimer's
disease. Neuropeptides. 2015; 52: 1-18.

51)Cline EN, Bicca MA, Viola KL, et al. The amyloid-f3
oligomer hypothesis: Beginning of the third decade.
J Alzheimers Dis. 2018; 64: S567-S610.

52) Frisoni GB, Altomare D, Thal DR, et al. The probabilistic
model of Alzheimer disease: The amyloid hypothesis
revised. Nat Rev Neurosci. 2022; 23: 53-66.

53) Yagi M, Ishigami M, Mori R, et al. Reduction effect of
oxidized protein hydrolase (OPH) on advanced glycation
end products and OPH-like activity in human stratum
corneum. Glycative Stress Res. 2017; 4: 184-191.

54) Ishizaki K, Yagi M, Sakiyama C, et al. Influence on the
oxidized protein hydrolase (OPH) activity of herbal tea
extract. Glycative Stress Res. 2020; 7: 22-28.

55) Ishizaki K, Yagi M, Morita Y, et al. The relation of the
OPH activity in the corneum, and skin AGEs. Glycative
Stress Res. 2020; 7: 162-168.

56) Kawai H, Matsuo N, Yuasa E, et al. Investigation of
herbal extracts that have both OPH activity enhancing
action and AGE crosslink cleaving activity. Glycative
Stress Res.2021; 8: 39-44.

57)Harada N, Mitani T, Yamaji R. Moonlighting proteins.
The Journal of Japanese Biochemical Society. 2015; 87:
279-285.(inJapanese)
https://seikagaku.jbsoc.or.jp/10.14952/SEIKAGAKU.
2015.870279/data/index.html

58) Zheng Y, Martin-Morales A, Wang J, et al. Phenethylamine
in chlorella alleviates high-fat diet-induced mouse liver
damage by regulating generation of methylglyoxal. NPJ
Sci Food. 2021, 5: 22.

59) Inagi R, Kumagai T, Fujita T, et al. The role of glyoxalase
system in renal hypoxia. Adv Exp Med Biol. 2010; 662:
49-55.

60) Hirakawa Y, Inagi R. Glycative stress and its defense
machinery glyoxalase 1 in renal pathogenesis. Int J Mol
Sci. 2017; 18: 174.

61) Nakamura Y, Yokoyama H, Higuchi S, et al. Acetaldehyde
accumulation suppresses Kupffer cell release of TNF-
Alpha and modifies acute hepatic inflammation in rats.
J Gastroenterol. 2004; 39: 140-147.

62) Matsumoto A, Thompson DC, Chen Y, et al. Roles of
defective ALDH?2 polymorphism on liver protection and
cancer development. Environ Health Prev Med. 2016; 21:
395-402.

63) Blatnik M, Frizzell N, Thorpe SR, et al. Inactivation of
glyceraldehyde-3-phosphate dehydrogenase by fumarate
in diabetes: Formation of S-(2-succinyl)cysteine, a novel
chemical modification of protein and possible biomarker
of mitochondrial stress. Diabetes. 2008; 57: 41-49.

64) Yang M, Ternette N, Su H, et al. The succinated proteome
of FH-mutant tumours. Metabolites. 2014; 4: 640-654.
65) Morita Y, Izawa H, Hirano A, et al. Clinical evaluation of
changes in biomarkers by oral intake of NMN. Glycative

Stress Res. 2022; 9: 33-41.

66)Roorda  MM. Therapeutic interventions against
accumulation of advanced glycation end products (AGEs).
Glycative Stress Res. 2017; 4: 132-143.

67)Morita Y, Yagi M, Ishizaki K, et al. Evaluation of the
glycative stress by non-invansive skin AGEs measurement
devices. Glycative Stress Res. 2019; 6: 92-102.



BEALZ R L R 5T LNV DR E L 2 o i A

68) Masuzaki H, Kozuka C, Okamoto S, et al. Brown rice-
specific y-oryzanol as a promising prophylactic avenue to
protect against diabetes mellitus and obesity in humans.
J Diabetes Investig. 2019; 10: 18-25.

69) Kozuka C, Yabiku K, Sunagawa S, et al. Brown rice and
its component, y-oryzanol, attenuate the preference for
high-fat diet by decreasing hypothalamic endoplasmic
reticulum stress in mice. Diabetes. 2012; 61: 3084-3093.

70) Masuzaki H, Fukuda K, Ogata M, et al. Safety and
efficacy of nanoparticulated brown rice germ extract
on reduction of body fat mass and improvement of fuel
metabolism in both preobese and mild obese subjects
without excess of visceral fat ac-cumulation. Glycative
Stress Res.2020; 7: 1-12.

71)Otake K, Sasanabe R, Hasegawa R, et al. Glucose
intolerance in Japanese patients with obstructive sleep
apnea. Intern Med. 2009; 48: 1863-1868.

72) Nomoto K, Yagi M, Arita S, et al Skin accumulation of
advanced glycation end products and lifestyle behaviors in
Japanese. Anti-Aging Med. 2012; 9: 165-173.

73) Watanabe K, Katagiri S, Hattori A. Melatonin and glucose
metabolism. Glycative Stress Res.2020; 7: 105-109.

74) Moniruzzaman M, Takabe W, Yonei Y. Melatonin is not a
carbonyl scavenger. Glycative Stress Res. 2016; 3: 1-4.
75) Takabe W, Mitsuhashi R, Parengkuan L, et al. Cleaving
effect of melatonin on crosslinks in advanced glycation

end products. Glycative Stress Res. 2016; 3: 38-43.

76) Ogura M, Okuda F, Hattori A, et al. Effect of melatonin
intake on postprandial blood glucose in the breakfast.
Glycative Stress Res. 2018; 5: 75-81.

77) Ogura M, Hattori A, Yagi M, et al. Effect of mats with “A
Distinctive 4-Layer 3-Dimensional Structure” on sleep
quality and nocturnal blood glucose: A crossover trial.
Glycative Stress Res. 2019; 6: 49-63.

78) Tan DX, Chen LD, Poeggler B, et al. Melatonin: A potent,
endogenous hydroxyl radical scavenger. Endocrine J.
1993; 1: 57-60.

79) Pieri C, Marra M, Moroni F, et al. Melatonin: A peroxyl
radical scavenger more effective than vitamin E. Life Sci.
1994; 55: PL271-PL276.

80) Cuzzocrea S, Zingarelli B, Gilad E, et al. Protective effect
of melatonin in carrageenan-induced models of local
inflammation: Relationship to its inhibitory effect on nitric
oxide production and its peroxynitrite scavenging activity.
J Pineal Res. 1997; 23: 106-116.

81) Okatani Y, Wakatsuki A, Kaneda C. Melatonin increases
activities of glutathione peroxidase and superoxide
dismutase in fetal rat brain. J Pineal Res.2000; 28: 89-96.

82) Karslioglu I, Ertekin MV, Taysi S, et al. Radioprotective
effects of melatonin on radiation-induced cataract. J Radiat
Res. 2005; 46: 277-282.

83) Tiitiinciiler F, Eskiocak S, Bagaran UN, et al. The protective
role of melatonin in experimental hypoxic brain damage.
Pediatr Int. 2005; 47: 434-439.

84)Zhang L, Wei W, Xu J, et al. Inhibitory effect of
melatonin on diquat-induced lipid peroxidation in vivo as
assessed by the measurement of F2-isoprostanes. J Pineal
Res.2006; 40: 326-331.

85) Guang LI, Gang HOU, Wei LU, et al. Melatonin protects
mice with intermittent hypoxia from oxidative stress-
induced pancreatic injury. Sleep and Biological Rhythms.
2011;9:78-85.

(13)

86) Ahmadiasl N, Banaei S, Alihemati A, et al. Effect of a
combined treatment with erythropoietin and melatonin on
renal ischemia reperfusion injury in male rats. Clin Exp
Nephrol. 2014; 18: 855-864.

87) Motawi TK, Ahmed SA, Hamed MA, et al. Combination
of melatonin and certain drugs for treatment of diabetic
nephropathy in streptozotocin-induced diabetes in rats.
Diabetol Int. 2016; 7: 413-424.

88) Ozdem M, Kirzioglu FY, Yilmaz HR, et al. Antioxidant
effects of melatonin in heart tissue after induction of
experimental periodontitis in rats. J Oral Sci. 2017; 59:
23-29.

89) Yonei Y, Hattori A, Tsutsui K, et al. Effects of melatonin:
Basics studies and clinical applications. Anti-Aging Med.
2010; 7: 85-91.

90) Reiter RJ, Tan DX, Osuna C, et al. Actions of melatonin
in the reduction of oxidative stress: A review. J Biomed
Sci. 2000; 7: 444-458.

91) Takabe W, Mitsuhashi R, Parengkuan L, et al. Cleaving
effect of melatonin on crosslinks in advanced glycation
end products. Glycative Stress Res. 2016; 3: 38-43.

92) Masuzaki H, Kozuka C, Yonamine M, et al. Brown
rice-specific y-oryzanol-based novel approach toward
lifestyle-related dysfunction of brain and impaired glucose
metabolism. Glycative Stress Res.2017; 4: 58-66.

93) Park JH, Shim HM, Na AY, et al. Melatonin prevents
pancreatic B-cell loss due to glucotoxicity: The relationship
between oxidative stress and endoplasmic reticulum stress.
J Pineal Res. 2014; 56: 143-153.

94) Shimabukuro M, Sata M, Yamakawa K, et al. Cortisol and
lipid metabolism. The Lipid. 2012; 23: 35-41. (in Japanese)
https://med.m-review.co.jp/article_detail ?article_id=
JO007_2301_0035-0041

95) Tsuneki H, Wada T, Sasaoka T. Role of orexin in the
regulation of glucose homeostasis. Acta Physiol (Oxf).
2010; 198: 335-348.

96) Tsuneki H, Wada T, Sasaoka T. Role of orexin in the
central regulation of glucose and energy homeostasis.
Endocr J. 2012; 59: 365-374.

97) Tsuneki H, Tokai E, Nakamura Y, et al. Hypothalamic
orexin prevents hepatic insulin resistance via daily
bidirectional regulation of auto-nomic nervous system in
mice. Diabetes. 2015; 64: 459-470.

98) Nishida S, Segawa T, Murai I, et al. Long-term melatonin
administration reduces hyperinsulinemia and improves
the altered fatty-acid compositions in type 2 diabetic rats
via the restoration of Delta-5 desaturase activity. J Pineal
Res. 2002; 32: 26-33.

99) Hussain SA. Effect of melatonin on cholesterol absorption
in rats. J Pineal Res. 2007; 42: 267-271.

100) Rios-Lugo MJ, Cano P, Jiménez-Ortega V, et al. Melatonin
effect on plasma adiponectin, leptin, insulin, glucose,
triglycerides and cholesterol in normal and high fat-fed
rats. J Pineal Res. 2010; 49: 342-348.

101) Nishida S, Sato R, Murai I, et al. Effect of pinealectomy
on plasma levels of insulin and leptin and on hepatic
lipids in type 2 diabetic rats. J Pineal Res. 2003; 35:
251-256.

102) Peschke E, Miihlbauer E, Musshoff U, et al. Receptor
(MT[1]) mediated influence of melatonin on cAMP
concentration and insulin secretion of rat insulinoma
cells INS-1. J Pineal Res. 2002; 33: 63-71.



103)Ha E, Yim SV, Chung JH, et al. Melatonin stimulates
glucose transport via insulin receptor substrate-1/
phosphatidylinositol 3-kinase pathway in C2C12 murine
skeletal muscle cells. J Pineal Res. 2006; 41: 67-72.

104)Quan X, Wang J, Liang C, et al. Melatonin inhibits
tunicamycin-induced endoplasmic reticulum stress and
insulin resistance in skeletal muscle cells. Biochem
Biophys Res Commun. 2015; 463: 1102-1107.

105)McMullan CJ, Schernhammer ES, Rimm EB, et al.
Melatonin secretion and the incidence of type 2 diabetes.
JAMA. 2013; 309: 1388-1396.

106) Tan DX, Manchester LC, Fuentes-Broto L, et al.
Significance and ap-plication of melatonin in the
regulation of brown adipose tissue metabolism: Relation
to hu-man obesity. Obes Rev. 2011; 12: 167-188.

107)Wu H, Dunnett S, Ho YS, et al. The role of sleep
deprivation and circadian rhythm disruption as risk
factors of Alzheimer's disease. Front Neuroendocrinol.
2019; 54: 100764.

108) Hardeland R, Pandi-Perumal SR. Melatonin, a potent
agent in antioxidative defense: Actions as a natural food
constituent, gastrointestinal factor, drug and prodrug.
Nutr Metab (Lond). 2005; 2: 22.

109) Shukla M, Govitrapong P, Boontem P, et al. Mechanisms
of melatonin in alleviating Alzheimer's disease. Curr
Neuropharmacol. 2017; 15: 1010-1031.

110) Rogaev EI, Sherrington R, Rogaeva EA, et al. Familial
Alzheimer’s disease in kindreds with missense mutations
in a gene on chromosome 1 related to the Alzheimer’s
disease type 3 gene. Nature. 1995; 376: 775-778.

111)Balmik AA, Chinnathambi S. Multi-faceted role of
melatonin in neuroprotection and amelioration of Tau
aggregates in Alzheimer's disease. J Alzheimers Dis. 2018;
62: 1481-1493.

112)Hoppe JB, Frozza RL, Horn AP, et al. Amyloid-beta
neurotoxicity in organotypic culture is attenuated
by melatonin: Involvement of GSK-3beta, tau and
neuroinflammation. J Pineal Res. 2010; 48: 230-238.

113)Ionov M, Burchell V, Klajnert B, et al. Mechanism of
neuroprotection of melatonin against beta-amyloid
neurotoxicity. Neuroscience. 2011; 180: 229-237.

114)Pappolla MA, Matsubara E, Vidal R, et al. Melatonin
treatment enhances A} lymphatic clearance in a transgenic
mouse model of amyloidosis. Curr Alzheimer Res.
2018; 15: 637-642.

115)Ali T, Badshah H, Kim TH, Kim MO. Melatonin
attenuates D-galactose-induced memory impairment,
neuroinflammation and neurodegeneration via RAGE/
NF-K B/INK signaling pathway in aging mouse model.
J Pineal Res. 2015; 58: 71-85.

116)Zhang S, Wang P, Ren L, et al. Protective effect of
melatonin on soluble A31-42-induced memory impairment,
astrogliosis, and synaptic dysfunction via the Mu-sashil/
Notchl/Hesl signaling pathway in the rat hippocampus.
Alzheimers Res Ther. 2016; 8: 40.

117)Li Y, Zhang J, Wan J, et al. Melatonin regulates Af}
production/clearance balance and AP neurotoxicity: A
potential therapeutic molecule for Alzheimer's disease.
Biomed Pharmacother. 2020; 132: 110887.

118)Hayashi T, Nakano M, Yonemitsu S. Development of a
new exercise program based on the molecular mechanism
of exercise-stimulated glucose metabolism. Descente
Sports Science. 2001; 22: 31-40. (in Japanese)
https://www.shinshu-u.ac.jp/faculty/textiles/db/seeds/
descente22_04_hayashi.pdf

(14)

Glycative Stress Research

119)Mori K, Murata S, Goda A, et al. Gait characteristics of
dynapenia, sarcopenia, and presarcopenia in community-
dwelling Japanese older women: A cross-sectional
study. Healthcare (Basel). 2022; 10: 1905.

120) Dowling L, Cuthbertson DJ, Walsh JS. Reduced muscle
strength (dynapenia) in women with obesity confers a
greater risk of falls and fractures in the UK Biobank.
Obesity (Silver Spring). 2022 Dec 11.

121)Silva RR, Galvdao LL, Martins GS, et al. Reallocation
of time spent on sedentary behavior by time spent on
physical activity reduces dynapenia in older adults:
A prospective cohort study. Sao Paulo Med J. 2022:
S1516-31802022005031295

122)Egawa T, Ogawa T, Yokokawa T, et al. Glycative stress
and skeletal muscle dysfunctions: As an inducer of
“Exercise-Resistance”. Glycative Stress Res.2022;9: 199-
205.

123)Dalal M, Ferrucci L, Sun K, et al. Elevated serum
advanced glycation end products and poor grip strength
in older community-dwelling women. J Gerontol A Biol
Sci Med Sci. 2009; 64: 132-137.

124) Semba RD, Bandinelli S, Sun K, et al. Relationship of an
advanced glycation end product, plasma carboxymethyl-
lysine, with slow walking speed in older adults: The
InCHIANTI study. Eur J Appl Physiol. 2010; 108: 191-
195.

125)Sun K, Semba RD, Fried LP, et al. Elevated serum
carboxymethyl-lysine, an advanced glycation end
product, predicts severe walking disability in older
women: The Women's Health and Aging Study 1. J Aging
Res. 2012;2012: 586385.

126)Kochli S, Endes K, Trinkler M, et al. Association of
physical fitness with skin autofluorescence-derived
advanced glycation end products in children. Pediatr Res.
2020; 87: 1106-1111.

127)Suzuki K, Yamasaki S, Miyashita M, et al. Role of
advanced glycation end products in the longitudinal
association between muscular strength and psychotic
symptoms among adolescents. Schizophrenia (Heidelb).
2022; 8: 44.

128) Syrovy I, Hodny Z. In vitro non-enzymatic glycosylation
of myofibrillar proteins. Int J Bio-chem. 1993; 25: 941-
946.

129) Syrovy I. Glycation of myofibrillar proteins and ATPase
activity after incubation with eleven sugars. Physiol Res.
1994; 43: 61-64.

130) Ramamurthy B, Hook P, Jones AD, et al. Changes in
myosin structure and function in response to glycation.
FASEB J. 2001; 15: 2415-2422.

131)Snow LM, Fugere NA, Thompson LV. Advanced
glycation end-product accumulation and associated
protein modification in type II skeletal muscle with aging.
J Gerontol A Biol Sci Med Sci. 2007; 62: 1204-1210.

132) Haus JM, Carrithers JA, Trappe SW, et al. Collagen, cross-
linking, and advanced glycation end products in aging
human skeletal muscle. J Appl Physiol (1985). 2007,
103: 2068-2076.

133) Nishizawa Y, Wada R, Baba M, et al. Neuropathy
induced by exogenously administered advanced glycation
end-products in rats. J Diabetes Investig.2010; 1: 40-49.

134)Egawa T, Tsuda S, Goto A, et al. Potential involvement
of dietary advanced glycation end products in impairment
of skeletal muscle growth and muscle contractile function
in mice. BrJ Nutr. 2017; 117: 21-29.



BLANL R T LX)V

135)Egawa T, Ohno Y, Yokoyama S, et al. The effect of
advanced glycation end products on cellular signaling
molecules in skeletal muscle. J Phys Fitness Sports Med.
2018; 7: 229-238.

136)Egawa T, Ohno Y, Yokoyama S, et al. The protective
effect of Brazilian propolis against glycation stress in
mouse skeletal muscle. Foods. 2019; 8: 439.

137)Bohm A, Weigert C, Staiger H, et al. Exercise and
diabetes: Relevance and causes for response variability.
Endocrine. 2016; 51: 390-401.

138) Stephens NA, Sparks LM. Resistance to the beneficial
effects of exercise in type 2 diabetes: Are some individuals
programmed to fail? J Clin Endocrinol Metab. 2015;100:
43-52.

139) Montero D, Lundby C. Refuting the myth of non-response
to exercise training: 'Non-responders' do respond to higher
dose of training. J Physiol. 2017; 595: 3377-3387.

140) Lavin KM, Roberts BM, Fry CS, et al. The importance
of resistance exercise training to combat neuromuscular
aging. Physiology (Bethesda). 2019; 34: 112-122.

(15)

A

=i

& Z OBk



