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Abstract

Objectives: Skeletal muscles play an important role in the homeostasis of the whole body.
Any dysfunction of skeletal muscles can cause problems such as prediabetes, and type 2
diabetes. MondoA is a transcription factor that is activated under normal conditions by
increasing the amount of glucose inside the cell and transcribes its target genes
(TXNIP/ARRDC4). The purpose of this study is to investigate the effect of aerobic
training on the level of MondoA transcription factor activity and the expression of its
target genes in the skeletal muscle of pre-diabetic model rats. Methods & Materials: 15
C57BL/6 male mice were randomly divided into two groups. Mice were fed with normal
diet (control group 5) and high fat diet (10). Mice were fed for 12 weeks. After induction
of prediabetes, mice were divided into two groups of high-fat diet (5 mice/ no exercise)
and aerobic training group (5 mice / 10 weeks of aerobic training). The aerobic exercise
protocol was performed in the form of running on a treadmill 5 days a week and 45 minutes
a day. The velocity also increased from 15 to 23 m/min with moderate intensity. Results:
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The results showed a significant decrease (p<0.001) in blood glucose level and insulin
resistance in the PD-Ex group compared to PD. Moreover, exercise training decreased the
relative level of expression of TXNIP (p<0.01) and ARRDC4 (p<0.05) genes, the presence
of transcription factor MondoA in the nucleus, and increased the expression of Glut4
protein in the cell membrane (p<0.01). Conclusion: In general, aerobic exercise can be
effective in lowering blood sugar by decreasing the activity of MondoA in the nucleus and
increasing the presence of Glut4 in the cell membrane.

Key words: Aerobic Exercise, MondoA, TXNIP, ARRDC4, Skeletal Muscles,
Prediabetes.

Extended Abstract

Background and Purpose

PD has been defined by two primary indicators, namely, impaired fasting glucose
(IFG) and impaired glucose tolerance (IGT) (1). The major cause of PD is insulin
resistance (IR) in the muscle, liver, and adipose tissues, followed by an upsurge
in insulin production by the pancreatic beta (B)-cells (2). As metabolic balance
and homeostasis in the human body heavily depend on skeletal muscles.
Improving understanding of the molecular mechanisms of muscle energy
homeostasis and IR may accordingly help in discovering novel methods for
combating metabolic disorders, like T2D (3). The IR development in the skeletal
muscles and the PD emergence due to a high-fat diet (HFD) likely imply an
upstream mechanism in the skeletal muscles. Recent studies have further
demonstrated MondoA as a negative modulator of insulin sensitivity in such
muscles (4). This transcription factor is responsible for the transcriptional
alterations brought on by glucose. MondoA is a transcription factor that transcript
TXNIP and ARRDC4 gens (5). TXNIP and ARRDC4 also seem to prevent
hypoglycemia and limit glucose absorption in myocytes and adipocytes during
fasting by boosting the GLUT4 endocytosis. Moreover, they regulate the insulin
sensitivity of the muscle and adipose tissues (6). As evidenced, the MondoA-MLX
complex is typically activated in response to a proliferation in glucose within the
cell, followed by a rising trend in glucose 6-phosphate (7). Consequently, it
reaches the cell nucleus and controls the expression of its target genes (8). Under
normal cellular conditions, this transcription factor further inhibits the flow of
surplus energy into catabolic pathways in the skeletal muscles. On the other hand,
abnormal cellular conditions, such as an HFD and excess food, lead to the constant
activation of MondoA. Thus, a vicious cycle of IR and muscle fat deposition
begins (9). Improving lifestyle and doing regular physical activity are among the
effective methods for preventing and treating some disorders, like T2D and PD
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(10). Hence, exercise seems to be a useful non-pharmaceutical treatment for
Metabolic disorders (11). Against this background, the main objective of the
present study was to examine the effects of aerobic exercise on the MondoA
activity and the expression of its target genes in the skeletal muscles of a high-fat
diet-induced PD mouse model.

Materials and Methods

Fifteen male C57 black 6 (C57BL/6) mice, aged four weeks and weighing
between 12 and 14 g were used in this study. The mice were kept at 23+£3 °C with
the cycle of 12-h light and 12-h darkness and had ad libitum access to food and
water. The animals were randomized into a control group (Con n=5) and (HFD
n=10). The Con group had a regular diet, whereas the other mice received HFD.
Upon the PD development, the HFD group was divided into two subgroups (with
five mice in each group), viz, prediabetic mice (PD group) and the PD mice treated
with Exe. The animals were subjected to Aerobic exercise for 10 weeks. The
Exercise routine was carried out as follows, low-to-moderate intensity=50-60%,
maximal aerobic velocity (MAV)/45 min each day, five days per week for 10
weeks. Afterward, the metabolic data, i.e., FBS, GTT, HOMA-IR, plasma insulin
levels, together with protein expression and the cellular localization of MondoA
and GLUT4, as well as the TXNIP and ARRDC4 expression in the myocytes from
various groups were evaluated. Data were analyzed using the one-way analysis of
variance (ANOVA) and P <0.05 was considered as a significant change.

Results

Aerobic exercise modified the PD parameters induced by an HFD. In this line, the
mice were given a 60% HFD for 12 weeks to produce a PD model, as previously
described. Compared with the Con group, the parameters of prediabetes in the
PD group significantly increased; however, aerobic exercise could lower fasting
blood glucose, plasma insulin levels, the HOMA-IR index, and AUC as compared
with the PD model mice. Mondo A was localized to an increased degree in the
cell membrane in the PD group compared with the Con group. The protein
expression of MondoA in myocytes was reduced by (Exe) (p < 0.01). The
expression of TXNIP and ARRDC4 in the HFD-fed mice rose dramatically
compared with the animals having a normal diet, and Exe reduced the TXNIP (p
< 0: 01) and ARRDC4 (p < 0:05) expression. GLUT4 was localized to a reduced
degree in the cell membrane in the PD group compared with the Con group. Exe
also enhanced the membrane localization and protein expression of GLUT4
caused by an HFD.
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Conclusion

In summary, the results of the present study show that a high-fat diet leads to
weight gain, increased insulin, blood glucose, and ultimately leads to prediabetes.
In addition, the expression of Mondo A protein and the expression of its
downstream genes increased due to a high-fat diet. On the other hand, 10 weeks
of aerobic exercise improves the parameters of induced PD by HFD, reducing the
presence of Mondo A in the cell nucleus and reducing the expression of TXNIP
and ARRDCA4.

Article Message

To come to the point, the study results established that aerobic exercise might help
modify the alterations produced by PD Through the MondoA-TXNIP/ARRDC4-
GLUT4 axis. Accordingly, a novel mechanism was found to improve PD via
aerobic exercise.

Ethical Considerations

Compliance with Research Ethical Guidelines

The animal study protocol was approved by the Ethics Committee University of
Isfahan (ethics Code IR.UI.REC.1400.080).

Funding

This study received no funding from public, commercial, or nonprofit
organizations.

Authors’ Contributions

All authors have participated in designing, implementing and writing all parts of
the present study.

Conflicts of interest

The authors declared no conflict of interest

Acknowledgment

This article is extracted from the thesis of the Doctoral course in Sports
Physiology at Isfahan University. The authors thank and appreciate all the people
who participated in this research.

References

1. Esteghamati A, Larijani B, Aghajani MH, Ghaemi F, Kermanchi J, Shahrami A, et
al. Diabetes in Iran: prospective analysis from first nationwide diabetes report of
National Program for Prevention and Control of Diabetes (NPPCD-2016). Scientific
reports. 2017;7(1):1-10.

2. DeFronzo RA, Tripathy D. Skeletal muscle insulin resistance is the primary defect in
type 2 diabetes. Diabetes care. 2009;32(suppl_2):S157-S63.

Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International Public License


https://www.nature.com/articles/s41598-017-13379-z
https://www.nature.com/articles/s41598-017-13379-z
https://www.nature.com/articles/s41598-017-13379-z
https://www.nature.com/articles/s41598-017-13379-z
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2811436/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2811436/

153 Sport Physiology, Volume 15, No 58, 2023

3. Ahn B, Wan S, Jaiswal N, Vega RB, Ayer DE, Titchenell PM, et al. MondoA drives
muscle lipid accumulation and insulin resistance. JCI insight. 2019;4(15):1-16.

4. Stoltzman CA, Peterson CW, Breen KT, Muoio DM, Billin AN, Ayer DE. Glucose
sensing by MondoA: MIx complexes: a role for hexokinases and direct regulation of
thioredoxin-interacting protein expression. Proceedings of the National Academy of
Sciences. 2008;105(19):6912-7.

5. Richards P, Ourabah S, Montagne J, Burnol A-F, Postic C, Guilmeau S.
MondoA/ChREBP: The usual suspects of transcriptional glucose sensing; Implication
in pathophysiology. Metabolism. 2017;70:133-51.

6. Yoshihara E. TXNIP/TBP-2: a master regulator for glucose homeostasis.
Antioxidants. 2020;9(8):765.

7. Waldhart AN, Dykstra H, Peck AS, Boguslawski EA, Madaj ZB, Wen J, et al.
Phosphorylation of TXNIP by AKT mediates acute influx of glucose in response to
insulin. Cell reports. 2017;19(10):2005-13.

8. Zhang X, Fu T, He Q, Gao X, Luo Y. Glucose-6-phosphate upregulates Txnip
expression by interacting with MondoA. Frontiers in Molecular Biosciences.
2020;6:147.

9. Song Z, Yang H, Zhou L, Yang F. Glucose-sensing transcription factor
MondoA/ChREBP as targets for type 2 diabetes: opportunities and challenges.
International Journal of Molecular Sciences. 2019;20(20):5132.

10. Stevanovi¢ J, Beleza J, Coxito P, Ascensdo A, Magalhaes J. Physical exercise and
liver “fitness”: Role of mitochondrial function and epigenetics-related mechanisms in
non-alcoholic fatty liver disease. Molecular metabolism. 2020;32:1-14.

11. Stanford Kl, Goodyear LJ. Exercise and type 2 diabetes: molecular mechanisms
regulating glucose uptake in skeletal muscle. Advances in physiology education.
2014;38(4):308-14.

Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International Public License


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6693825/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6693825/
https://www.pnas.org/doi/abs/10.1073/pnas.0712199105
https://www.pnas.org/doi/abs/10.1073/pnas.0712199105
https://www.pnas.org/doi/abs/10.1073/pnas.0712199105
https://www.pnas.org/doi/abs/10.1073/pnas.0712199105
https://www.sciencedirect.com/science/article/abs/pii/S002604951730046X
https://www.sciencedirect.com/science/article/abs/pii/S002604951730046X
https://www.sciencedirect.com/science/article/abs/pii/S002604951730046X
https://www.mdpi.com/2076-3921/9/8/765
https://www.mdpi.com/2076-3921/9/8/765
https://www.sciencedirect.com/science/article/pii/S2211124717306836
https://www.sciencedirect.com/science/article/pii/S2211124717306836
https://www.sciencedirect.com/science/article/pii/S2211124717306836
https://www.frontiersin.org/articles/10.3389/fmolb.2019.00147/full
https://www.frontiersin.org/articles/10.3389/fmolb.2019.00147/full
https://www.frontiersin.org/articles/10.3389/fmolb.2019.00147/full
file:///C:/Users/User/Downloads/ijms-20-05132%20(5).pdf
file:///C:/Users/User/Downloads/ijms-20-05132%20(5).pdf
file:///C:/Users/User/Downloads/ijms-20-05132%20(5).pdf
https://www.sciencedirect.com/science/article/pii/S2212877819309470
https://www.sciencedirect.com/science/article/pii/S2212877819309470
https://www.sciencedirect.com/science/article/pii/S2212877819309470
https://journals.physiology.org/doi/full/10.1152/advan.00080.2014
https://journals.physiology.org/doi/full/10.1152/advan.00080.2014
https://journals.physiology.org/doi/full/10.1152/advan.00080.2014

VFA-VA. o 1FY Lewol DA o)los 1D 0490 319 S58l9 yd

kg Al
SB35 gMoNdo A (migigy 3o Cullad y (531gd (9 5030598 S
Clo g S g0 (S Aas 8 T S

N li0 103 " oy ol " 5830 o0 o il 0L d
S el pai Comr oo

Oledal oladls (o859 pele oaSails (o859 (STl 09,5 (D)9 SIS TS sl )
olnl oledel
(Jgiame 00inn ) Olpl ol olediol olSLails ¢ 22359 pole 0uSails ¢339 (Sielen jud SLwl .Y
Olnl Oledel cpladual oSl (o555 psle 0aSails (o555 (Sigls5ed ol ¥
P o o 2Rals dloz (59l Cannj 0uSdagh by, oKdg} (9l (R9SS Johe (paass 5550 F
Olnloledal )5l (55l Cnsj 095 ( ok pole lindos
pole Dliizd 39 0 ( BILLIS Sl (5)gld L) 0aSamghy (0lg, oBimgsy ¢ culiliiiz Slinl B
Olrl ledel (69l (559L8 Cansj 09,5 ok

L JRC VL AT YR VP, VX[ PN sl s b

oS>

"

Sl OMac o Shoc j0 PLST dig5 0 .aiylo oy I jliwghogd (0 ogo i STl Odlac
K951 < MONAOA 354 95 95 culyd 3 Culyd iy oy 5l Sl galin CMSCen 952 luwdiono § Wil (o0
9 TXNIP glagyj g 0900 Jlad Joko J&15 35615 (sl ime (381 L (b Lsl 3 53 &5 Conwl (a9
2B clled (liae 1 Gilgp 2 yed S oy pil adllae Sus S (o0 sugis; ) ARRDCA
2010 s 09 Colyd iy Juto s Sge silSul alde 5o (T Bus slaj ol 9 MONAOA (o 5ig,
b (1108 0255 b 0oday di5 (Gl fign Nuih e 09,5 90 4 (Holai jgbay CETBLIG ol55 5 fige
SWI 51 g ol 405 aia 1Y Gue 4 b gige .(doe V4) Ly (2108 15y 9 (S0e O J S5 0g,5)

[G5h90 B) 5319 (2305 0955 9 ((r 303 (59 [ G990 B) ©y2 3 (210E 1255 09,5 90 4 g0 «ulid iy

1. Email: smmarandi2001@yahoo.com

2. Email: n.sadeghianrenani@gmail.com

3. Email: j.reisi@spr.ui.ac.ir

4. Email: safayinejad@yahoo.com

5. Email: mh.nasr-esfahani@royaninstitute.org

Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International Public License



80 oo 999 )L cdlxd  63lgR (i ped 0590 SO T i U Ldole

Ahd 50 j9) g o0 (535 NS Digedr (Siled (2 0T JST gy N el ((55lgB (1 pod aae Ve
o3 3L Dby .o sl bwgino oo b aids 3 0 YY B 18 31 0ial38 s puo s 3y 50 4inds £0
%339 (o5 wzed (P<0.001) sas fals' 1) (o guudl cuoglio 3 (395 35915 ilgi (o0 (40359 (32 03
339y 39556 i g (P<0.05) ARRDCA  .(P<0.01) TXNIP slayj ol oo gans
el i3580 Jolw lind jo GlUtd (pis gy b cpzmon .(P<0.01) sls ials 1, aws ;o MoNdoA
awd jd MONAOA culled ials G yb 31 wilgh co (53198 oy pod & WBS o0 ¢ylid s U5 .(P<0.01)

Bl 330 (95 9B SalS 50 Jolw gLié ,o GlUtd jebs o150

gl st < silScnsl 5z . ARRDCA TXNIP MONAOA (5518 ¢y 505 5l 558

donio

5 G5 5 5 0955 Jeid 31 59zl Gl o y5 By 3 055 59 99 655 Seles 0
slel cobo s b go €55 obo (V) aiS oo "(PD) Cobio i driee 1y 08 ol jo WJLub aydss
O 38 G sl p0) (g7 a8 50 PLST T Sl al> e S Sobis i @lgy0 (V) 05 o
2 IS 5 TUAFG) Lik 55605 comdg yo NS Lol asls 9o b g oyls o lil (cobs b Jb s
Y(FBG) ;55 555 l5me PD o8l 1o 0 o0 &yl 4 «Y) 048 g0 a3l "(IGT) S6l5 Jozs
SS9l Jeos cend (e cpaizmen (F) canl MO/l AV YO-Y e s Slial el cuta 5l o
AKip 355 aseis (B) cewl ME/AN FO-1A 0 C(-GTTY) 55505 5,5 5l e el 9o
095 0 5 (25lse IS ge (5,50 sloasly o)l 5l (6 len Il 3 b (6 Sy
Mos o131 25T g plosil Cobio ion 51 (6 mKien (sl (o8l ST1.(5) 09 oo cubd i 5l oL
(D) 0l algz Ms 90 95 oo @ Al 08 0,90 S b 1558 P«

LS conl oy bl g oS oSl dae slacidl jo pdgad! 4 Caglin ciols i adgl cle
bl 43 Ceolin V) 5550 Jis Sl (sl sloJsbo bass gl a5 (el
99 &5 Cabd 5 oad edsail adgs o PS5 Ly sla sl ;o Lol 4 o Calid)d oy, i

1. Pre-Diabetes

2. Impaired Fasting Glucose
3. Impaired Glucose Tolerance
4. Fasting Blood Glucose

5. 2-h Posted Blood Glucose

Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International Public License



V¥ Qll.mgu OA o Lol VO 0y90 ‘G.i))’)’ ‘539]9;,3 \OF

A Loy Lol s oo oS3 ) oy 0095 5l auo o Fe sgam Sl alae il (A) 59 oo ol
Wy ge SMlae o Slee jo PLB @5 (nlpln 05 iz ] bwg pa S5l as )
S50 Q) 098 95 g9 ubd g S jPliiul (Splie @ o aleasl (MU 90 jludins;
Sl (Sos (gl Caaglie 5 (A (6551 lmgiegn caiiSpulais (JsSge lapaslle S
A5 ST g0 gl Cobs Aol STgle slag il b oojile sl 1) oz las il il
Fo o 5 pedglie @i po a5 (Sl SMae )0 mpe (omasiy) Jalse G uiznen
92 3 Sl Elae 13 gl 4 Canglie sl Yl () +) e oaiazslis Sl warivn

Sl @ilae o1y Syt oV el coyz 2108 w3, b (Sl 5l B0 obs ey
Gl 0 1T 0 ey A cewl cwusig, 49551 G MondoA L(VY) WS e et
sy, plxl gl Mondo A L(\Y) wuiS oo ka1 Oy slaannl g5le g 5 o yzanl
S gmzin; 536 ol 5d e MLX 66 4 (5,503 iy 0 b 995 S slagys
S (957 SOb i el plu 50 Lol asS oo ] (Sl alde )0 5S6IS jlingtase o ulS

OY) 098 o0 o 5
Al Slac jo gl 4 Conlis ate 0uiiS el Mondo A s o lis Sl Sladlas
Sl wiile alacadpbio Gl L @lye gd oo JUb T slacdslio 5 5515 g a5 conl
) slid i 555 bt Caasdse 5 MONGO A-MLX  uSLaS 55,9 (GBP) ¥li §
b 555l S5 Lo 4 MONA0 A-MLX uSheaS 3985 o Jatusd Johos it 4y (5,5 s
V) 855 o W, Lns i, dngs yigas s 5o (CHORE) T gy S gosly yolis 4 JLsl
3959 ;5095 o Sy Glgieds a5 siiws i, W eolgils 51 5 90 YARRDC4 4 "TXNIP
55amsl Joted G5B 51 a5 Cal igdion (smasis) MONAO A Lasgi g wigh oo i3l 556IS
(s s Jsbo (09,0 & (BLST SIS 355 @ile 5 9S00 058 s |, (] codled (GlUD 75515 S8
el Jobo 5555 (l5ee (B9 Jlio)o (V0) WS (o0 (6 S s> (195 (oS g 5l i 5 (o
w23 go LiS Slalllae 058 oo Jlad Jsboo (1555 41 595 3955 (1 edged] SdliSs il o0

1. Max-Like Protein X

2. Glucos -6-Phosphate

3. Carbohydrate Response Element
4. Thioredoxin-Interacting protein
5. Arrestin Domain Containing 4
6. Glucose Transpoter

Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International Public License



oy oo 999 )L cdlxd  63lgR (i ped 0590 SO T i U Ldole

ot 3 355 B S 7 o 5 390m GIUI 51 Loy ool (i lazr el nasl sty (el
0955 S Ol aomii e saabioe Gl Jobo (19,0 0 565 D2 599,00 Lid a4 Lis
il alsgas MoONdo A (28ls 10 .(VF) 058 o0 Jad> Jlo 5 00game 10 (55 0B )l o ok
b 31 OV) (S oyl JS8) 08 o S e Jobo 35505 Sliasios & ke 3,555
3 e GRS (oo 0l g (Gl gadl Cuaglio dngi 3 1) (cmagig; e (nl b Slalllas
Lyl b jo o L5 sbay el ool 3,155 ool gubs Slils> jo oSl alac o Mondo A o>
i 259550 il oz (M8 @25, b olle (6551 cdb e Jle bt (Jgbe (ornrlo s
@l il cpl ) oMondo A codled g )l ioli8logd oo U pglae by Mondo A alaulga

3 aS iles )5 A,.;L Slalllas () 05 o0 i 90 £o5 Cubid Anwgd a5 )0 ¢ gl Cueglie
5 2y 2l iy 3l AU SIS Jesd Sguge Eebidlac s Mondo A ol ol e
Mondo oui ol JeSdge (lgieds SBI-993 5l oolaul rizxan ((VA) 05 oo (S guas] Cuoglie
30 St S 9l5 Jood 5 (Dac Hgudl SIS Soms 5 3 aemd ielS cel A
3Gt Ol ke ol (o as wies o ylid Sladsd (V) 098 co oy Al bl S
5900 4 3598 0 TXNIP 4lguST a5 Jl> jotsed oo oo 35605 i e & TXNIP o>
S ske 5 WMac ;o 3618 Cd> TXNIP 08l sla ok ;o (V) aos o Jl38l 1) Jolw

TV ab oo SRl (93 gl 9 55 6lS mhans g ai8b 31 (052
ol 5 canl 90 g5 b daz 3l g Lo 51 (6 bens 9 Jole (B S o0 W8l Saiy S
1 42 3,5 ey Sl 5 Colis iy Ll pste 5o e (sl Sl 5| S (55 S
Sgnge o JWo @ g (S S ol jo a5 alse 51 (S il caen 0 il cobs g4
S5 a5le 55 5 (V1) ol (o5 oliie Sl 5 5 (i Coled sl 50 ooy
Sl dlac 4y 556l Jlatl ce p g0 ye sladlg) 5 olewdly slie 4 Glutd sl by gudl
w5l.<bo -EJ‘)MJ o uu))s lJ o\.\.wg_i:)?u Glut4 ‘sal><-\.:l> ‘(':.é‘ﬁ)é AR 0 w‘)ﬁ‘ ‘) OML)G.»JLAA
g0 £55 Cubid 4 Dt ol 3l )0 (YY) 058 od JBre (Bla 5 90 95 Cobd (5 ke iile g
L o zsba shls 58 33 (sis ol 31 Dlie S8l 555 o Jiee Sy 55515 il culad
sl a0l o]yl alae ,o Glutd - DBL slaws aSsTsl o a5 9925 s Glutd glacs 5
FolS Jl o e Jetwe Wb 35608 BL 1 el rals 5 Glutd sloal> o Dl
cix alislcel g5lan e (VF) all g0 g5 cobs g cdaudl 4y Cglie Loyl yo SDlac

Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International Public License



\FeY QL}'.M«.QU OHA O)me\’a AT 099 ‘s‘:’)')i ‘5)9194)*5 \OA

S e Seb e (Selgudl Comlu lEl g 565y 02 GemlannST Rl S oIS
Y8 050 oo yomie Sl dlae 4 00 SG 25 55615 Jlanl 4 AMPKY (g5le Jlad s 5l (55l90
(YO

Si dgo lawgi MONAO A cadled guliss -V S
el ol Slinte 3 GBP ()T 51 (g 09 s Al hnd Sland-F-356l5 4 Jsho 310 5515 VL 55515 Laylpl o
SLS . 098 o0 oS5 MONAO A-MLX SLS ] JLss 4 g S5 00 MONAO A s les s ol
0550 JUb G595 29,5 5055 0 sl o DARRDCA s TXNIP aloz 51l )5 51 (6 ks (5539 5 005 4 35
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Under high glucose conditions, intracellular glucose is phosphorylated to glucose-6-
phosphate. hereafter, G6P and its certain derivatives, cause conformational change of

Mondo A, followed by the formation of Mondo A-MLX complex, then the complex enters
the nucleus. and the transcription of many genes including TXNIP and ARRDC4 (insulin
pathway suppressor genes) is activated.
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1. High Fat Diet
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Figure 2- Study plan
The first intervention: PD induction (first, the mice were divided into Con and PD groups
for 12 weeks). The second intervention: Treatment (10 weeks, the PD group was randomly
divided into two subgroups): prediabetic mice (PDgroup) the PD mice treated with Exe.
At the end of the 23rd week, the mice were euthanized.

S8 18 giled el o (AR )0 g, ) A V¢ Sde 4 Dbl 1 )9 S loe
s dy alitre glacie pw L ad 8o Y ol 4y e 5 L aug0 aan G bl L o yige den
SS9 n A8 90 4 £9,8 Lo bge U ol Jlael (S xS Sad sl 59, 50 mizmen 20 5 Dol
59 o 4a80 YO IMAV) /£ —/0+ lawgio b o5 Sl 1l plxil ) Oygo 4 (55l90 oy o3
WS 3 e Lalpd o phaiel Oj90 4 5 SRS 09,8 slahee g oS Sole a0
A TG w S 8 (hgels fed 5 (g9, kB Ve Dde ay JLSs g, Wiz ye 4 Ojgo (n

1. Maximum Aerobic Velocity
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1. Immunohistochemistry
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1. One Way-ANOVA
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Figure 3..Effect of high-fat diet on glucose tolerance test in rats
(a) Glucose tolerance test and (b) area under the curve graph. All graphs are presented as

(mean + standard error of the mean) as well as significance levels. ### (p<0.001) Con:
group that received standard diet. HFD: group that received a high-fat diet.

Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International Public License



V7o oo 999 )L cdlxd  63lgR (i ped 0590 SO T i U Ldole

W90 0139 9 P2 s (2108 255 b oallill Calis sioy ool 1 (53le8 (ot pod 5]
w7 ey P gl @l )y b lage (ol iy Joe sl (sl ol aliS oS 4T e
Iy 65lap (pped aZan Vo Do a4y Cobo i o g cdalal o aiul 4 d% azan VY Sow 4
¥ US) o9 a8 el o3 alerdign sbayeiS 1 omiw laz o)led IS8 50 a0 528 0
e (F JS5) 5 035 L= JSt)) HOMA-IR (asls (o ¥ S) Leadly opadsl (il
35 bt 03,5 53 sl s ) (¥ JS2) imians U 5 (¥ JS5) 5505 Jasu
45 (P<O.001) wh ool 4255 )55 ,5 Lil3dlysS o (lamslis aan 4o J 1S 0g)5 b duulic
w5y b oadadns sla ige jo pd gl Caglie sl g (codgudl Gl o Pl odsmo yLis
s HOMA-IR (aLs 5 Loasdly (gl g 08 grlas Condlys' (o559 (o ped aaa V0 39 0y
Sl po (el W95 g 45 Subid iy Joe sl ige b dnlie ;o (g bolixe 50 41,7 AUC
09,5 b alin ;5 oadjlors 05,5 5o 5 Waise o iy (P<O.00D) was (als s S5

(P=0.002) us Jyows oo i

1. Homeostatic Model Assessment of Insulin Resistance
2. Area Under the Curve
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Figure 4. Effect of aerobic exercise on PD parameters induced by high-fat diet and
weight of mice

(A) Evaluation of FBS. (B) Assessment of plasma insulin concentration, (C) the HOMA
index, (D) Mice’s final weight, (E) GTT, and (F) AUC in all groups at the end of the 22nd
week. All values are presented as mean+SEM. *x: P<0.01, and ***: P<0.001 indicate a
statistically significant difference in the treated mice compared with the PD ones. As well,
###=P<0.001 shows a statistically significant difference in the PD mice compared with
the Con group. Con: group that received a regular diet. PD: Pre-diabetic group. PD-Ex:
Pre-diabetic group with endurance training.
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Figure 5- The effect of aerobic exercise on the protein expression and location of
Mondo A.
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(A) IHC images show the altered presence of MondoA in the PD group compared with
the Con one, and in the treated group compared with the PD one. (B) Quantitative
immunohistochemical examination displays the MondoA alterations in the PD group
compared with the Con group, and in the treated group compared with the PD one. All
values are illustrated as meanzstandard error of the mean (SEM). ###: p<0.001 indicates
a statistically significant difference in the PD mice compared with the Con group. *x:
p<0.01 denote a statistically significant difference in the treated mice compared with the
PD ones.
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Figure 6- The effect of aerobic exercise on the expression of TXNIP and ARRDC4
genes
Aerobic exercise reduced the expression of TXNIP and ARRDC4 genes at the mRNA
level in PD mice. Gene expression changes are displayed in the PD group compared with
the Con one, and in the treated group compared with the PD one. All values are presented
as mean + SEM #: P<0.05. Indicates statistical differences in the PD group compared to
the control group. *: P<0.05 indicates a statistical difference in the treated group compared

to the PD group. Con: the group that received a standard diet, PD: the group that received
only a high-fat diet, and Exe: the group that received a high-fat diet and aerobic exercise.
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Figure 7- Effect of aerobic exercise on the protein expression and Glut4 localization
yga Ol pais IHC pglar (cal) ols Lzals cobo i slabge aliae Jolw jo 1, Glut4 gl (S5lgd (o3
Coboin 09,5 b dlie )3 oadjlan 09,5 10 aizman g JHS 09,5 b dunlie y3 Coboi 098 0 |, Glutd
b awslio jo cobo i 09,5 0 GlUtd ol s s g 5 gy | 2y LS 45:5 Jedosi g a5 (@) o oo lis
Sl O jgo w4 polie des ams co HLIS 1) Cubio s 09,5 b anslie ;0 0d leus 09,5 )0 uizen g S 09,5
dslio 10 Cubo i 09,5 ;0 P B 5kl slacsgls sasasles ##HF 1 P<0:001 .ol oo 5l ) SEM %
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Aeraobic exercise reduced GLUT4 endocytosis in myocytes of PD mice. (A) IHC images
show the changes in the presence of GLUT4 in the PD group compared with the Con one,
and in the treated groups compared with the PD one. (B) Quantitative analysis of
immunohistochemistry results reveals some changes in GLUT4 in the PD group compared
with the Con one, and in the treated group compared with the PD one. All values are

described as mean+SEM. ###:P<0.001 indicates a statistically significant difference in the
PD mice compared with the Con group. ns=. shows no significant difference, and
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*x:P<0.01 imply a statistically significant difference in the treated mice compared with
the PD ones. Con: the group that received a standard diet, PD: the group that received only
a high-fat diet, and Exe: the group that received a high-fat diet and aerobic exercise.
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