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Fig. 1. Skeletal muscle and metabolic health.
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Health problems ‘

Type 2 diabetes §
NAFLD §
Cardiovascular disease §
Obesity §
Cancer §
Alzheimer disease §
Osteoporosis §
Chronic kidney disease §

Skeletal muscle has an important responsibility for maintaining our health as not only locomotor system but also metabolic
and endocrine systems. NAFLD, non-alcoholic fatty liver disease.
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Table 1. Association between glycative stress and muscle function

OEFFAFIZL > TH, MHPAGEs %2 T AGEs (SAF,
skin autofluorescence) @ & 52575 )1 R BB HEBE DAL T &
MBS 2 2 LR SNTSY (Table 1) KN~ AGEs
ERILEEIRAE R O VB EHBEREINT ONA F~— 75—
THHEEZLNT WA,

F RO TIE, FEEEDO AL HI/RE, HEE
T, T AGEs ERUINAE & EIIHAE B X OV AE IR
TEDMIZHEEES AT S EDRMRINT WS, 1,075
DN (6~8i%) X RIZLIZAL ADWET — 2D
FETIE, SAFD M CTH L 7T &G AT OKT
HROENZY, T, 208D KFEE (18~20/%) Zxf 5
2L 22 REORAE T, SAFEICE OB H
LT ERMERLTNEY 2F ), FLAML A2 L 2E

Reference

Dalal et al., 2009 ?

Semba et al., 2010

Momma et al., 2011°”

Sun et al., 2012*

Whitson et al., 2014 "

Kato et al., 2017

Mori et al., 2017
Drenth et al., 2018 **

Ebert et al., 2019 *

Eguchi et al., 2019 *”

Mori et al., 2019 *7

Yang et al., 2019 ®

Tabara et al., 2019 *

Moriwaki et al., 2021*”

Characteristics

women, age = 65 years (n = 559)

age = 65 years (n = 944)

men, median age 46.0 years (n = 232)

women, age = 65 years (n = 394)
mean age 78.1 + 4.8 years (n = 3,373)

men, mean age 57 + 10 years;

women, 60 + 11 years (n = 132)
mean age 55.7 = 10.3 years (n = 36)
age = 65 years (n = 5,624)

aged 43-83 years (n = 1,770)

women with sarcopenia,

age 72.7 = 10.1 years (n = 47); controls,

age 77.2 £ 7.2 years (n = 23)

mean age 63.2 + 12.3 years (n = 166)

age = 65 years (n = 104)
mean age 57.8 + 12.4 years (n = 9,203)

men, 75.0 £ 8.9 years (n = 157);
women, 73.6 = 8.1 years (n = 97)

AGE type Impacts on muscle function
serum CML lower grip strength
plasma CML slower walking speed
lower grip strength and le;
SAF g P £ £
extension power
serum CML severe walking disability
serum CML physical frailty
SAF lower muscle mass
SAF lower knee extension strength
SAF lower physical function
plasma AGE lower physical function

serum pentosidine

lower muscle mass

ower muscle mass, strength, and

SAF .
physical performance
urinary CML lower grip strength
SAF lower muscle mass and grip strength

urinary pentosidine

walking disability and lower grip
strength

Results are expressed as mean + SD. AGE, advanced glycation end product; CML, N ®-(carboxymethyl) lysine; SAF, skin autofluorescence; SD, standard

deviation.
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insulin-like growth factor 1 (IGF-1) > 7" )V{z & O k55
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‘ Contractile property“ ‘ Myogeniccapacity “ ‘ Protein synthesis“ ‘ Protei;\ degradationt‘

* Myf5 expression §
* MyoD expression §

* Myosin glycation 4

* Actin glycation 4

* ATPase activity §}

* Changes in extracellular
matrix structure g

* Motor neuron activity §

* IGF-1signaling §
* p70S6K activity §
* ERK activity

* Inflammatory cytokines #
* Ubiquitin proteasome
systems 4

Skeletal muscle dysfunctions

Fig. 2. Molecular mechanisms underlying AGEs-induced muscle dysfunctions.
Myf5, myogenic factor 5; MyoD, myogenic differentiation 1; IGF-1, insulin-like growth factor 1; p70S6K, 70kDa ribosomal protein s6

kinase; ERK, extracellular signal-regulated kinase.
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Fig. 3. Methylglyoxal suppresses exercise-induced mitochondrial adaptations in skeletal muscle.
Methylglyoxal (MGO) intake (1% drinking water) suppressed 4-week voluntary exercise-induced upregulation of peroxisome proliferator-activated
receptor gamma coactivator 1 alpha (PGCla) and mitochondria complex proteins (CI, CII, CIII, CIV, and CV) in plantaris muscle but not in soleus
muscle. Data are presented as mean = SD (n = 6 per group). Individual data points are indicated on the bar graph. Representative immunoblots are
shown. Statistical significance was analyzed using two-way ANOVA with exercise and MGO treatment as main factors. *: P < 0.05 with simple effects
tests, n.s.: not significant. Sed, sedentary control group; Ex, voluntary exercise group. This figure was adapted from Egawa et al.””’ with permission of

the publisher.
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Fig. 4. Possible involvement of glycative stress in exercise resistance.
Exercise-induced skeletal muscle adaptations may not occur in some cases, a condition known as exercise-resistance (also called non-responder).
Exercise-resistance means that adaptive responses driven by exercise are diminished due to the heterogeneity of factors such as endogenous factors
(age, sex, etc.), exogenous factors (exercise intensity, duration, etc.), and molecular responses (proteins, genes, metabolites, etc.). Glycative stress

may be a new exogenous factor that reflects exercise-resistance.
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