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ABSTRACT

Introduction:

Myocardial inflammation is an effective factor in the development of diabetic
cardiomyopathy, which increases the risk of mortality in patients. The aim of the
present study was to investigate the effect of moderate-intensity aerobic training
on reducing cardiac tissue inflammation in male diabetic Wistar rats.

Materials and Methods:

18 male Wistar rats weighing (180+£20) grams were divided into 3 groups: healthy
control (6 rats), diabetic control (6 rats), and diabetic with aerobic training (6
rats). Moderate-intensity aerobic training was performed by running on a
treadmill with zero incline for 6 weeks, 5 days a week. NF-«kB protein levels were
measured by Western blotting. For statistical data analysis, paired t-test, one-way
analysis of variance, and Tukey's post hoc test were used at P<0.05 level using
SPSS22 software.

Results:

The results showed that six weeks of moderate-intensity aerobic training resulted
in a significant decrease in fasting blood sugar in the diabetic group with training
from (1314£377) to (814+249) mg/dL (P=0.017). This decrease was not observed
in the other two groups. The level of NF-kB protein in the aerobic training group
(1.18+0.007) was significantly reduced compared to the diabetic control group
(1.88+0.09) (P <0.001) and its values were close to the healthy group.

Conclusion:

Aerobic exercise reduced fasting blood glucose and NF-«B protein levels in male
diabetic Wistar rats. These results suggest that aerobic training may be a
promising non-pharmacological approach to diabetes management by
modulating cardiac inflammatory signaling and improving blood glucose control.
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Extended Abstract

Introduction:

Diabetes mellitus is one of the most prevalent metabolic disorders worldwide and is characterized
by chronic hyperglycemia and disturbances in carbohydrate, lipid, and protein metabolism.
Persistent hyperglycemia can lead to numerous complications affecting different organs,
particularly the cardiovascular system. Among these complications, diabetic cardiomyopathy is
recognized as a distinct clinical condition characterized by structural and functional abnormalities
of the myocardium in diabetic individuals independent of coronary artery disease or hypertension.
Increasing evidence suggests that chronic inflammation plays a crucial role in the initiation and
progression of cardiac damage in diabetes.

Inflammatory signaling pathways contribute significantly to the pathological remodeling of
cardiac tissue in diabetic conditions. One of the most important molecular regulators involved in
inflammatory responses is nuclear factor kappa B (NF-«xB), a transcription factor that regulates the
expression of numerous genes associated with inflammation and cellular stress. Activation of the
NF-kB pathway leads to the production of pro-inflammatory cytokines and other mediators that
promote inflammatory processes in cardiac cells. In diabetic conditions, hyperglycemia and
oxidative stress can activate NF-kB signaling, thereby increasing inflammatory responses in
myocardial tissue and contributing to progressive deterioration of cardiac function.

Regular physical activity, particularly aerobic exercise, has been recognized as an effective
non-pharmacological strategy for the prevention and management of diabetes and its
complications. Aerobic exercise can improve insulin sensitivity, enhance glucose uptake, reduce
oxidative stress, and modulate inflammatory responses. Despite these benefits, limited information
is available regarding the effects of aerobic exercise on inflammatory signaling pathways in
cardiac tissue under diabetic conditions. Therefore, the present study aimed to investigate the
effect of six weeks of moderate-intensity aerobic training on the expression of NF-kB protein in
the cardiac tissue of diabetic male Wistar rats.

Methodology:

This experimental study was conducted using eighteen male Wistar rats with an average body
weight of 180 + 20 grams and an age of approximately eight to twelve weeks. The animals were
obtained from the Pasteur Institute of Karaj and were maintained under standard laboratory
conditions including controlled temperature, humidity, and a twelve-hour light—dark cycle. The
rats had free access to standard laboratory chow and water. The animals were randomly divided
into three groups: healthy control, diabetic control, and diabetic with aerobic training.

Diabetes was induced by a single intraperitoneal injection of streptozotocin at a dose of 50 mg/kg
body weight following twelve hours of fasting. Seventy-two hours after injection, fasting blood
glucose levels were measured using a glucometer, and rats with blood glucose levels equal to or
greater than 250 mg/dL were considered diabetic.

Before the training program, a graded treadmill test was performed to determine peak running
speed (Vpeak), which was used to set exercise intensity. The aerobic training protocol was
performed on a treadmill with zero incline for six weeks, five sessions per week, at an intensity
corresponding to approximately 60-70% of Vpeak. Exercise duration gradually increased from
ten minutes in the first week to thirty minutes in the final weeks, with warm-up and cool-down
periods included in each session.

Twenty-four hours after the final training session, the animals were anesthetized and cardiac tissue
samples were collected. The samples were immediately frozen and stored at —80 °C until analysis.
The expression of NF-kB protein in cardiac tissue was measured using the Western blot technique,
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with B-actin used as an internal control. Statistical analysis was performed using one-way analysis
of variance followed by Tukey’s post hoc test, with significance set at P < 0.05.

Results:

The results demonstrated that six weeks of moderate-intensity aerobic training significantly
reduced fasting blood glucose levels in diabetic rats. In the training group, fasting blood glucose
decreased from 377 £+ 131 mg/dL before the intervention to 249 + 81 mg/dL after the training
period. No significant changes were observed in the healthy control or diabetic control groups.
Furthermore, NF-kB protein expression in cardiac tissue was significantly higher in the diabetic
control group compared with the healthy control group. Aerobic training significantly reduced
NF-«B levels in the diabetic training group compared with the diabetic control group, indicating
attenuation of inflammatory signaling in cardiac tissue.

Discusion:

In conclusion, the findings of this study suggest that moderate-intensity aerobic exercise can exert
protective effects on cardiac tissue in diabetic conditions by reducing blood glucose levels and
modulating inflammatory pathways. The reduction in NF-kB protein expression indicates that
regular aerobic training may suppress inflammation-related molecular signaling in the
myocardium. These results highlight the potential of aerobic exercise as an effective
non-pharmacological strategy for reducing inflammation and preventing cardiovascular
complications associated with diabetes.
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Table 2. Mean and standard deviation of NF-kB protein amount in kDa.

1 5:0ke) (b> J S 095 Sl £ pSle) silm 09,5 Sl (1Sls) Wl 38 098 NF-KB/ (g
/ Diabetic control (Lo c8lyosl  / Aerobic exercise group (,lxe / Healthy control group (,lixe NF-«B Protein
group (Mean + (Mean £+ SD) (Mean £+ SD)
1.87 £0.08 1.18 £0.007 0.98+0.12 / 5 cél

Cardiac tissue

(pyes 095 PNF-KB yZgp pilie cunl jasie )ldges jd a5 jshaileds .ol odel ¥ jloges )3 NF-KB iy polio
ool o JS5 09,5 (a1 S35



£ b)lou:: Y 8,93 HEXS3 Uu‘“"")‘ uol> dlﬁos; L&'“’))B LS)}‘?J){:B dd)-u:d

NF-xB

2 1.87

1.8
1.6
14

12 0.98

AU

0.8
0.6
0.4
0.2

ploog,S b cubsoeg,S  JyiSog)F
S3lgh (1 ped b
Wamg,5 5 NF-KB 30 couSiluo .Y 15900

ol b Sl

———
5 NF-1B 5y S ———

s Pactin pdg Jlw Lt Silgd
— —

A5 CEL NF-KB g (0351 B (92 O (3 g gl joged VIS0

foe e YY) ily 2959 NF-KB (%595 jlade )0 (61 dize Ggles og,S yw dld oyl dal ) puilyylg Juloo 09"}] s
355 oo oy sl el ) uilyly Jelos (gl )3 og S oy Jlosine glis odnlite 5|y (Fiyany= AYVEY, p =
2o 52k 09,8 B il S NF-KB gy (fiee 45 2 (Uis (903l cnl glis .45 plosl (S5 (omiins (yg0] dndMis|
g5 wllo JyuS 09,5 5 Silgn (oS 09)5 O e (P +Se Vg (52l J3ES 09)5 I peS () gine sl
NF- g Gliee p g0 cobd J1 Lials el opped a5 dad o lis gols cpl (p = +/V+ ) aid odmliie (gl jixe
Bl (g5l gixe gl b J5uS 09,5 b (5jlan (a3 09,5 50 (Tgn l jedlie 15 cal 0dg IS L S il kB
Oryed B3 oo Ui g Cull 3929 (Tl Wil S8 09,5 b (2 yed (b 09)5 )0 (g polde y &S Cansl Jl>p 1l

o @l 09,5 Alod (g5lsn (o3 09,5 5> (g polie 4y sk 4 03)S Bl ) b il

: & :
8 <8l > NF-kB ool (90 (i 02l 35 9 09 3591 daw Gl 33 b ol o ol (Lt adlllas (pl b
Gge buwgle ©AS L (il [ yed dlin SiD (ptmen ol Gl ool oyl S )3 ol S Sl oS g 0l yen




0ol (slrog S Lijyg (g59lgs jud Ay i £ 0,low Y 2,90 Y £+ € (yliums

buwglo ©A8 L (5l (o ped w30 Ut el cpl 35 NF-KB (259 polie (ials g (j93 28 )3 gme lalS
Sl L adlae cpl guls amd (ials 1) <8 <8l 5 colid ol Bl olod] jome a5 g 55615 S 25000 b Wilgi 0
By o S e GRS (he i lgn Clijel 5 A8 e a0b g 02 Lben iy slagiagg
29 o ol 4 e jopd g Cledl G a5 U8 e ST ) ol S5 (slaai]B ) (glasgee e MS sl
Slwdud g niSly JenS] GdisS @b iy ol ol SV gaxe (Jobo J31 oIS 4l i pundlie
Candg > S Gk I (el (M) wS e My 1) JAKSTAT (slajue 9 CiliS (359
g i (Bpymle & e g Cul IS8T By g ol a0l S5 4 oxie o a1 Bl s
Canglin b 3908 51 b Bos (yoje o Iyl hasy oo 0bL & (B ol g (Tguosn3)lS L oS 390 Al gy
Olg e §MenS92)53 Sl p oS ylee Glo SRl 9IS Sl 5 pgpnil 5 ol (2L B2l 11 3) g0 9 Conl gl &
b Sglio Slyts ol 550 ool Jsely 9 550 comel39550 (sl & S5 Gl (Rl 5 FI-5lS U5g 000
Y g o SIS o oy il 4 390000 1) (5551 g5 g 00l Gl 81 bty (5lSS los Y g
5T (o ol (530 JUub b 208 510 39,008 5 (IMS (8 p slodisny g5 5 ol Ul 4 bgaye (AGES)'" (y5ilSils
(610328 ygboty tsgd diplio > U] yizxan ol NF-kB 5 AGE (RAGE)o5,5 adllyyy o3 iSiws
g By 5l B odlisel bl 5l cul (e FA sl ond 23l 8 1 culd 1l o osiiind olis 4
Gl eplojon sobods 298 oo yxie Cungregnd)lS joiliial § (B9 5 ynla 42 4 398 atselyw g Loy pedS (6 5 gy sl
(ROS/RNS) 35,55 5 5508 rin STy slatisS 35 5| i 455 3 sy o & e FA (gl
oS o (2 iote ROS (alil 5 (5)a8 ste sl 290 (6508 5500 (53loliz g (BR) causdlyghil p oSy oy
Sl (YY) sz (b3 (Slgraged) I8 53 305 yaje el g lacuwgragd)lS jong] quals o pte 3 B! (ol
8o JUb 1) (el SidliSs (sl jpane 5l ()l o5 sl (013 (Sligrend)S dngi )3 S5e Jalse 5l (S 38 0

¥¥)
Ol 4 oeie PAMP L osigds Jleb S8’ s3loleb 5 o a8 29 b Sl 039 el gl b silon (e
e o0 Jl Gl cel g Sdple b Bl gilsn gyl 0 208 dgudl ol
Cob oy Opmelinnt Gl 38l g Jolo (19,5 oy jurlS g5 (50l b (2503 o] (YY) 255 CAMP/AMPK/PGCla
d9d0 S5l e Gl o Clate g ((pdgudl 3, Sos S0 (SIS Ak (22 (igmeliST) el 3Slos 23
9 gl e ($5)18 4 b (ol o giasl 5l (6ol cawgio @l b (sjlsn o pe8 Jlein! sl g5l aleo 1 (VO)
39 1) ol )L L sledsho 3,8 (53lgn (305 (V) ol (o5t (1953 ol lals) 9 GLUT-4 35 915° J3U JUis]
ubd Sy gl (YY) 2d50 d90 |y GLUTA (359 ol g jliiw (55015 Collad Wi oo bawgio (2 po3 9 Wi o0
Blgi s Coled 53 &Sl SIS Jaos pas g (5, SMae 15 SYMBT g dgudl 390a8” e & pylie g 50k enn M polo
NF-kB el (il g ol iy sl oS galo 55 (2 gl 5 S o5 (mulipnst el ) al8l e,
5 Casl 1S3 ol (o)lse 5 Calid w0t 9 Ml 1 5 395 0 dgmd] Sl ply e > MBS sl g nl 29

° Dehydrogenase kinase-4 (PDK4)

10 Fatty acids

1 Advanced Glycation End-Products
12 activated protein kinase



£ 0l Y 0,90 Y€+ € oyl

0l sloog S D559 ($59)gr a0 i

bbb & sl S5 LLE Bl andly (i cabd 4 Mie D31 > (B Lol dbml )3 5 098 Seped el Al o0
V—5l1uST NADPH 5l bawgs 3¢5 a9 4 a5 g 556 (TLR2) Y7 g5 and 05,5 bawgs lg5 0 NF-kB
VA) 980 3)S 9o 3o JHST £915 5 jgyud Wbl & yoxte 9 Wb oo a8l

sloygSls Jials ol Cllaie g NF-KB (Slujply yows (135 d9hme L (o559 ol o3 & wilazdly pledl layingly (S
3y S Sl WSSl sk slalo 4y (il ol 1 (TNF-0) Yl = (g)5095 55,55 55518 siilo el
slogbye 8 <8l NF-KB (3555 (ials 4 oeie pols adllas )3 (gilon (305 (V) 25 (o0 55l cabs o )lss
e 5 (omlpl 3480 o b oS 59 JSuap pll 58 09)5 polie 4 g ed)S (0bd 09)5 4y Connd 03,57 (o5
(VYV)hlen 5 5 Gaio b g (V) cudls il NF-KB ()] (b 50915 9 (29l (2 ye5 31 iy pMlel a8 (V- VY)
SIS oy 39 50 > NFkB 51 (b el geuly 51al8 (ko (slacsise ) (s5lsp oeped 4t A dlate 45
iblS p (oblixe 1l Wad gls Ol yed 13)S leie 363 adllas )0 (VoY) ol )Ken 5 oy (1) ol gunars cidl
il 0 )Ll cdlad s 4 ()lg oo (gl LY 1ol Gplie pols s b as (V) oyl b sl bge NF-kB
s ol i ST Bpas cde 4 YL s b ol o ped Yl o)s NF-kB p ostiins 15U glannsST o il
NF- |y 03,8 NF-KB 58l el domsts 13 g ok iz ROS ]33l ot 45 100051 NADPH 4 RNS 155 o,
Dlgs o 3855 pl D NF-KB 15 oyl 50 0 sdalie Lials (YY) Ll oo Lyiolidl cdled oYL s 450 coo kB
Jlos & (HMGB1)P V=Yl S 56 09,5 (sltsas gy g Jlus] NADPH 3] dn AGE yolia 5 inls s 4,
5 e S (g (835 s )3 b AGE e (slgn liz o3 g1 52 o5 ilosls (Lt lalllas Al (23555 Uiz po
OBy Olime 3 SR pimen b oo il Cobd 4 Mie (slabge (B <L > lmsST NADPH o3l collad
L Jlas! ;> HMGB1g AGE 45 blosls lis ppaiin lalllas sl 00 30l _5p5 lis o3 et 3o HMGBI
35 oo s 4o e ylons s (slacdl )3 Cilizke (sl ysas 3y ) NF-KB 15 Jlb el 368 slaoss S
0 NF-kB i) 5 65l b 3 bl a Jlb y5umsS] slacisS g5 b maST NADPH oS il 0 yasiie cysiomads
25L 35 5k NF-kB ialS )3 Slgi oo ¢ b9 Culled cBlato )lgo oyl (2alS oy oo Jlai 4 5 43l g Johor s
oS Selgan 5 blinsd bugs & |, PIP2 &y PIP 15 48 ond AMPK (gl Jlnd el &l pai ) oo 31 (¥+)
PTEN gl (ials el oS sl oo (il B Y5 (0ig 0 (ogms Dl pnd 4 53 5 035 o0 )laee 0950 pLx(PTEN)
ly ol Sl 5l (apwg b (gt jand AKT g5loJld 35500 JLbgail slo Jobo Slol ials aoes 13
(YY) 28 o 098 o 1y ol g sl Bgye Sl wile Jb ciliseo (slaan]yb o5 a8 o JUeb

G 3 B el ol Lol Bl Klg e bugte Gl b (gilm (03 am3 o0 (i ddllas () U cpgezme
9 Sy sl > Mlgicee cpyed g9l 5l ool sy oo Y5 4y S hawd (ol pws oo 9 (193 23 lalS
J5Sse Syets 0 b ol 0ats] Slillas sbl iy oS g 50 63,509y ol Cundlo S0 (gl g > loyd
S a5 1y ol el ey S a Yol (i) 35 9 558

13 Toll-Like Receptor 2

14 NADPH Oxidase 1

15 Tumor Necrosis Factor-o.

16 High Mobility Group Box 1
17 Protein kinase



0ol (slrog S Lijyg (g59lgs jud Ay i £ 0,low Y 2,90 Y £+ € (yliums

2GS Ao
Oon Oliee Gl 55 5 o> S e b gine alS el buwgio ud b (gjlen o ped a5 0l LS Buid )l il
Sy oo (o859 Cullad 25k 5l oledl JUKew Joaad (bl ol 20057 (b (sla yoge I8 <8l > NF-kB - sl

128l dlai

Sl (ol 45 g 2Bl o ol 2l by Sy oD D59 S99 (68 Al il aie Ao oyl
2l

1 S olbato
sy o8itimgy 3l IRSSRC.REC.1402.085 55l 15y g Siveads ailyy yolioly ctlllne ol L3S] cllan Mo 4,18

sl odd Culey (oB5y9 poleg (S

S o (S19)a8 g ST Wby )b 1y b imgd cpl syl 3 48T SLlgS )5 adS il sy s B g

&b

1. Gharakhanlou BJ, Bonab SB. The effect of 12 weeks of training in water on serum levels of SIRTI and
FGF-21, glycemic index, and lipid profile in patients with type 2 diabetes. International Journal of
Diabetes in Developing Countries. 2022;42:727-734. [In Persian]

2. Rezaeimanesh D, Farsani PA. The effect of an 8-week selected aquatic aerobic training period on plasma
Leptin and insulin resistance in men with type 2 diabetes. Journal of Advanced Pharmacy Education &
Research| Apr-Jun. 2019;19(S2):121-124. [In Persian]

3. Bai T, Wang F, Mellen N, Zheng Y, Cai L. Diabetic cardiomyopathy: role of the E3 ubiquitin ligase.
American Journal of Physiology-Endocrinology and Metabolism. 2016;310(7):E473-E83.

4. Trikkalinou A, Papazafiropoulou AK, Melidonis A. Type 2 diabetes and quality of life. World journal of
diabetes. 2017;8(4):120-129.

5. Wu Q-J, Zhang T-N, Chen H-H, Yu X-F, Lv J-L, Liu Y-Y, et al. The sirtuin family in health and disease.
Signal Transduction and Targeted Therapy. 2022;7(1):402.

6. Angel Gallego-Selles A, Galvan-Alvarez V, Martinez-Canton M, Garcia-Gonzalez E, Morales-Alamo D,
Santana A, et al. Fast regulation of the NF-xB signalling pathway in human skeletal muscle revealed by
high-intensity exercise and ischaemia at exhaustion: Role of oxygenation and metabolite accumulation.
Redox Biology. 2022;55:102398.

7. Lorenzo O, et al. Potential role of nuclear factor B in diabetic cardiomyopathy. Mediators of
inflammation. 2011;652097:1-9. doi:10.1155/2011/652097.

8. Filipe Fernandes Stoye-Conti, Maria-Claudia Irigoyen, Michelle Sartori, Amanda Aparecida Ribeiro,
Fernando dos Santos, Jacqueline Freire Machi, Diego Mendrot Taboas Figueroa, Bruno Rodrigues and
Katia De Angelis. Aerobic Training Is Better Than Resistance Training on Cardiac Function and
Autonomic Modulation in Female ob/ob Mice. Frontiers in Physiology. 2019;10(1464):1-10.

9. lJingjing Liu, Jiao Lu, Liumei Zhang, Yuting Liu, Yuan Zhang, Yaran Gao, Xinmeng Yuan, Mengqi
Xiang, Qiang Tang. The combination of exercise and metformin inhibits TGF-f1/Smad pathway to



£ 0l Y 0,90 Y€+ € oyl

10.

11.

12.

13.
14.

15.

16.

17.

18.

19.

20.

21.

22.
23.
24.

25.

26.

27.

0l sloog S D559 ($59)gr a0 i

attenuate myocardial fibrosis in db/db mice by reducing NF-xB-mediated inflammatory response.
Biomedicine & Pharmacotherapy. 2023;157(114080):1-9.

Liu HW, Kao HH, Wu CH. Exercise training upregulates SIR7-1 to attenuate inflammation and metabolic
dysfunction in kidney and liver of diabetic db/db mice. Nutrition & metabolism. 2019;16(1):1-10.
Shaowu Zhang, Guohui Yu, Maohua Ping, Qing Du, Xia Guo. Effects of aerobic exercise on myocardial
injury, NF-B expression, glucolipid metabolism and inflammatory factors in rats with coronary heart
disease. Clinics (Sao Paulo). 2024;79:100386. doi:10.1016/j.clinsp.2024.100386.

Rami M, Azimpour M, Khoramipour K. The effect of 8 weeks of high intensity interval training on the
levels of Wnt and NF-xB proteins in the heart tissue of male wistar rats with type 2 diabetes. J Sport Exe
Physiol. 2022;15(4):19-30. [in Persian]. [DOI: 10.52547/JOEPPA.15.4.19]

Mobasher M, Sasani P, Al-e-Davood SJ, Aramesh K, Larijani B. Revision of the guideline for ethical use
of animals. I/MEHM. 2012;5:70-111. [In Persian]

Brian L. Furman. Streptozotocin-Induced Diabetic Models in Mice and Rats. Curr Protoc. 2021;1(e78):1-
21. [doi: 10.1002/cpz1.78]

Khajehlandi M, Bolboli L, Siahkuhian M, Rami M, Tabandeh M, Khoramipour K, et al. Endurance
Training Regulates Expression of Some Angiogenesis-Related Genes in Cardiac Tissue of Experimentally
Induced Diabetic Rats. Biomolecules. 2021;11(498):1-9. [In Persian]

Khakdan S, Delfan M, Heydarpour Meymeh M, Kazerouni F, Ghaedi H, Shanaki M, et al. High-intensity
interval training (HIIT) effectively enhances heart function via miR-195 dependent cardiomyopathy
reduction in high-fat high-fructose diet-induced diabetic rats. Arch Physiol Biochem.2018;126(3):250-7.
[In Persian]

Sharma M, Chan Hor, Charlie A. Lavilla Jr, Mylene M. Uy, Froemming G Ruth, et al. Induction of a
single dose of streptozotocin (50 mg) in rat model causes insulin resistance with type 2 diabetes mellitus.
Fundam Clin Pharmacol. 2023;37:769-778. [DOI: 10.1111/fcp.12892]

Bedford TG, Tipton CM, Wilson NC, Oppliger RA, Gisolfi CV. Maximum oxygen consumption of rats
and its changes with various experimental procedures. J Appl Physiol. 1979;47(6):1278-83. [DOI:
10.1152/jappl.1979.47.6.1278]

Babaei H, Alibabrdel M, Asadian S, Siavashi V, Jabarpour M, Nassiri SM. Increased circulation
mobilization of endothelial progenitor cells in preterm infants with retinopathy of prematurity. Jcb.
2018;119:6575-6583. [in Persian]. [DOI: 10.1002/jcb.26777]

Jabarpour M, Siavashi V, Asadian S, Babaei H, Jafari SM, Nassiri SM. Hyperbilirubinemia-induced pro-
angiogenic activity of infantile endothelial progenitor cells. Microvasc Res. 2018;118:49-56. [In Persian]
[DOLI: 10.1016/j.mvr.2018.02.005]

Katherine R. Tuttle, Rajiv Agarwal, Charles E. Alpers, George L. Bakris, Frank C. Brosius, Peter Kolkhof
and Jaime Uribarri. Molecular mechanisms and therapeutic targets for diabetic kidney disease. Kidney
International. 2022;102:248-260.

Jestus Fuentes-Antras, Belén Picatoste, Elisa Ramirez, Jestis Egido, José Tufion and Oscar Lorenzo.
Targeting metabolic disturbance in the diabetic heart. Cardiovascular Diabetology. 2015;14(17):1-11.
Bergantin LB. Diabetes and inflammatory diseases: An overview from the perspective of Ca2+/3"-5'"-
cyclic adenosine monophosphate signaling. World J Diabetes. 2021;12(6):767-779.

Rahmati M, Taherabadi SJ. The effects of exercise training on Kinesin and GAP-43 expression in skeletal
muscle fibers of STZ-induced diabetic rats. Scientific reports. 2021;11(1):1-9. [in Persian]|

Nikrooa H, Attarzadeh Hosseinia SR, Fathia M, Sardarb MA, Khazaeic M. The effect of aerobic,
resistance, and combined training on PPAR-a, SIRT1 gene expression, and insulin resistance in high-fat
diet-induced NAFLD male rats. J physbeh. 2020;227:1-7. [in Persian]

Cunha VN, de Paula Lima M, Motta-Santos D, Pesquero JL, de Andrade RV, de Almeida JA, et al. Role
of exercise intensity on GLUT4 content, aerobic fitness and fasting plasma glucose in type 2 diabetic
mice. Cell Biochem Funct. 2015;33(7):435-42.

Sheri R. Colberg, Ronald J. Sigal, Bo Fernhall, Judith G. Regensteiner, Bryan J. Blissmer, Richard R.
Rubin, Lisa Chasan-Taber, Ann L. Albright, Barry Braun. Exercise and Type 2 Diabetes. Diabetes Care.
2010;33(12):e147—e167.




0ol (slrog S Lijyg (g59lgs jud Ay i £ 0,low Y 2,90 Y £+ € (yliums

28. Aryan Rezaee, Parham Rahmanian, Amirreza Nemati, Farima Sohrabifard, Fatemeh Karimi, Ali Elahinia,
Ali Ranjbarpazuki, Rozhin Lashkarbolouki, Sadaf Dezfulian, Mohammad Arad Zandieh, Shokooh
Salimimoghadam, Noushin Nabavi, Mohsen Rashidi, Afshin Taheriazam, Mehrdad Hashemi, Kiavash
Hushmandi. NF-xB axis in diabetic neuropathy, cardiomyopathy and nephropathy: A roadmap from
molecular intervention to therapeutic strategies. Heliyon. 2024;10(9):¢29871.1-19.

29. Hou J, Zheng D, Fung G, Deng H, Chen L, Liang J, Hu Y. Mangiferin suppressed advanced glycation
end products (AGEs) through NF-xB deactivation and displayed anti-inflammatory effects in
streptozotocin and high fat diet-diabetic cardiomyopathy rats. Can j physiol pharmacol. 2015;94(3):332-
340.

30. Ebrahimi M, Asgharpour H, Rezaeeshirazi R, Farzanegi P. The effect of one period of regular exercise
training and atorvastatin drug on the expression of NF-xB gene in heart tissue of diabetic rats. Journal of
Physiology of Movement & Health. 2023;3(2):38-48. [in Persian]

31. Wang L, Lavier J, Hua W, Wang Y, Gong L, Wei H, et al. High-intensity interval training and moderate-
intensity continuous training attenuate oxidative damage and promote myokine response in the skeletal
muscle of ApoE KO mice on high-fat diet. Antioxidants (Basel). 2021;10(992):1-14. [DOI:
10.3390/antiox10070992]

32. Ruo-Ying Li, Liang Guo. Exercise in Diabetic Nephropathy: Protective Effects and Molecular
Mechanism. Int J Mol Sci. 2024;25:3605.



