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Extended Abstract

Background and Purpose
An imbalance between energy intake and expenditure leads to overweight and obesity, which is

closely associated with excessive fat accumulation in adipose tissue. Adipocytes, the primary cells
in adipose tissue, possess the capability to produce and secrete pro-inflammatory cytokines such
as interleukin-6 (IL-6) and tumor necrosis factor-alpha (TNF-a)). These cytokines play a pivotal
role in the pathogenesis of various liver diseases, including non-alcoholic fatty liver disease
(NAFLD), by promoting chronic low-grade inflammation and metabolic dysfunction.
Accumulating evidence suggests that structured exercise training can significantly improve liver
cell function, potentially through mechanisms involving enhanced mitochondrial biogenesis,
improved insulin sensitivity, and reduced oxidative stress, although the precise pathways remain
incompletely elucidated. Nutrition emerges as another critical modulator of inflammatory
processes, with diets enriched in omega-3 (»-3) polyunsaturated fatty acids (PUFAS), particularly
eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA), demonstrating robust positive
effects on human health, including prevention of inflammation and cardiometabolic disorders.
Chronic inflammation constitutes a central driver in the development of metabolic disorders such
as obesity, type 2 diabetes, and NAFLD, underscoring the necessity to explore combined exercise
and dietary interventions capable of improving overall health by modulating key inflammatory
markers. Despite extensive research on individual interventions, available evidence reveals a
notable gap regarding the synergistic or potentially interfering effects of concurrent exercise
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training and ®-3 supplementation. Therefore, the present study was designed to investigate the
effect of intensive aerobic training combined with -3 supplementation on the protein levels of
pro-inflammatory cytokines IL-6 and TNF-a in the liver tissue of obese mice, providing insights
into their combined therapeutic potential for obesity-related liver inflammation.

Materials and Methods
This experimental study involved 30 male mice aged 12-14 weeks, randomly divided into five

groups (n=6 per group): normal diet (ND), high-fat diet (HFD), HFD+®-3 supplementation,
HFD+Training (HFD+T), and HFD+®-3+Training (HFD+®-3+T). All animals were housed
under strictly controlled environmental conditions, including an average temperature of 22+4°C,
relative humidity of 40-50%, and a standardized 12:12-hour light/dark cycle, with unrestricted
access to water and group-specific food. The entire protocol spanned 16 weeks, comprising two
weeks of familiarization, eight weeks of obesity induction, and six weeks of intensive aerobic
training intervention with or without -3 supplementation. Mice in the ND group received a
standard chow diet throughout the study, formulated with 15% fat, 25% protein, and 60%
carbohydrates to maintain normal body composition. Following the initial two-week acclimation
period on standard diet, obesity was induced in the intervention groups (HFD, HFD+w®-3, HFD+T,
HFD+®-3+T) using a custom high-fat diet (HFD) sourced from the Royan Institute of Isfahan.
This HFD composition included 45% fat, 35% carbohydrates, and 20% protein (in kcal),
delivering 4.60 kcal/g of energy, which effectively promoted rapid weight gain and metabolic
alterations characteristic of obesity. By the conclusion of the eight-week induction phase, the
average body weight of obese mice reached 32.89 g, confirming successful model establishment.
Subsequently, the HFD was discontinued across all intervention groups, reverting them to the
standard diet to isolate the effects of the subsequent interventions. The intensive aerobic training
protocol was administered over six weeks, consisting of five sessions per week. Each session
involved progressive treadmill running progressing from 10 to 50 minutes at an intensity of 70-
75% of maximal oxygen consumption (VO.max), with speeds ranging from 25-30 meters per
minute and a 15% incline to simulate high-intensity aerobic demand. Groups receiving ®-3
supplementation (HFD+®-3 and HFD+w-3+T) were administered 500 mg/kg body mass of EPA
and DHA daily via oral gavage, ensuring consistent dosing. At study termination, liver tissues
were harvested, and protein levels of IL-6 and TNF-o were quantified using the Bradford assay
for total protein normalization and enzyme-linked immunosorbent assay (ELISA) for cytokine
detection, following standard laboratory protocols.

Results
Statistical analysis revealed significant differences in body mass across the experimental groups

(p<0.05). Tukey's post hoc test indicated that at the onset of the intervention phase, body mass in
the HFD, HFD+T, HFD+w-3, and HFD+®-3+T groups was markedly higher than in the ND group
(all comparisons p=0.0001), validating the obesity induction. At the intervention's conclusion,
body mass remained significantly elevated in the HFD group (p=0.0001), HFD+T group
(p=0.029), and HFD+®-3 group (p=0.031) relative to ND, reflecting persistent obesity effects;
however, no significant difference emerged between HFD+w-3+T and ND (p=0.067), suggesting
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effective mitigation by the combined intervention. Regarding inflammatory markers, data
analysis demonstrated a significant elevation in hepatic IL-6 and TNF-a protein levels in the
HFD+T (p=0.0001), HFD+®-3 (p=0.0001), and HFD+w-3+T (p=0.012) groups compared to ND,
consistent with obesity-induced inflammation. Critically, all intervention groups exhibited
substantial reductions versus HFD (p=0.0001). Furthermore, IL-6 and TNF-o levels were
significantly lower in HFD+®-3 (p=0.042) and HFD+®-3+T (p=0.0001) compared to HFD+T
alone, although the difference between HFD+w-3 and HFD+w-3+T was not statistically
significant (p=0.054), indicating additive rather than fully synergistic suppression in cytokine
reduction.

Conclusion
The findings confirm that HFD markedly elevates IL-6 and TNF-o protein levels in liver tissue

relative to ND, exacerbating pro-inflammatory states. The mechanisms underlying HFD-induced
increases in these markers remain incompletely understood but are hypothesized to involve
adipose tissue expansion and ectopic fat deposition in the liver, leading to hepatocyte damage
through inflammatory cytokine release and reactive oxygen species (ROS) generation. In contrast,
intensive aerobic training, ®-3 supplementation, and their combination effectively attenuated IL-
6 and TNF-a levels. Notably, ®-3 supplementation outperformed intensive aerobic training alone
in cytokine reduction, highlighting its potent anti-inflammatory properties. Regular aerobic
exercise mitigates liver inflammation in models of nonalcoholic fatty liver disease by decreasing
macrophage infiltration, elevating antioxidant enzyme expression (e.g., superoxide dismutase,
catalase), and normalizing ROS homeostasis. ®-3 fatty acids exert superior anti-inflammatory
effects by serving as precursors for specialized pro-resolving mediators such as resolvins,
protectins, and maresins, which actively resolve inflammation at sites of injury. These PUFAs
competitively inhibit pro-inflammatory ®-6 fatty acid derivatives—including arachidonic acid
metabolites like prostaglandins, leukotrienes, and lipoxins—produced via cyclooxygenase and
lipoxygenase pathways. The study's culminating observation—a synergistic interaction between
intensive aerobic exercise and -3 supplementation—manifested in enhanced suppression of IL-
6 and TNF-o protein expression in obese mice liver tissue, suggesting complementary
mechanisms that amplify anti-inflammatory outcomes beyond individual therapies.

Keywords: Intensive Aerobic Training, Omega-3, High-Fat Diet, Supplementation,
Inflammation.

Article Message
The combination of intensive aerobic exercise and ®-3 supplementation demonstrates a clear

synergistic effect in modulating inflammatory markers within liver tissue of obese models.
Considering chronic inflammation's foundational role in fatty liver disease pathogenesis and
broader metabolic disorders, these findings advocate exercise and targeted nutritional
interventions as efficacious strategies for disease management, extending beyond inflammation
control to metabolic restoration. Nevertheless, additional mechanistic studies are warranted to
delineate precise signaling pathways and translate these benefits to clinical populations.
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Figure 1- IL-6 protein levels in liver tissue (Mean & Standard Deviation)
“Significat difference compared to all groups (P<0.012), * Significat difference compared to ND and HFD groups (P<0.0001), ¥ Significat difference

compared to ND, HFD and HFD+T groups (P<0.042)
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Figure 2- TNF-a protein levels in liver tissue (Mean & Standard Deviation)
* Significat difference compared to all groups (P<0.0001); ¥ Significat difference compared to ND and HFD groups (P<0.0001); &
Significat difference compared to ND, HFD and HFD+T groups (P<0.019)

S 5 o g S

2 S 8L ;0 TNF-0 5 1L-6 (slacrtgy olime (Rl Sl 0pzp oy a5 0o plis 8l gy gl
@3 JoSo b ol yon 00 (5510 0p o3 5 03 JoSo casid (g5lsm op o3 a5 > 50 s ol o b alis
3555 TNF-0. 5 IL-6 slacnsisn oliee 2alS 55 03 JoSe Grizred ol (oS gl 55 (nl (20l5 G
D5 WD (S3lge (o3

TA) ol oljor oloadl yion s, S0Lis J1al38I L G yz s 0 4 Canl ouls (5155 Jiegh ol sloadl b gucen
it 0aiiS il o sl e 1o oS il TNF-0 5 IL-1 ) (NF-kB) B LIS gl Jule ials3l (10 Y-
30 .(V0) cewl oals (5155 gy do 0 VY g sz Swo,o ¥ Sl haes S as )0 Y Juld oy 0 atan
sl ige 8 COLTNF-00 o IL-6 NF-kB iol338l b 0z 0,0 alan Coin a5 0l ot e (6,550 g
TNF-0 5 IL-1B c0.S MRNA l50 s NF-KB ol [igl33) eizmoan (V) Sl ol o aialls o
6l Bt 2l slo el (TA) G 0us oomliin Lo jige 15 oy 1 0562 42id 03 5L | g 605
Lulpb oS Wlos S Glyie () Raaghy (Fp wiz pa sl oaid (aine 934 job 02 p o pr S50 Gkl
@ (257 398 5l (U el (Sen el b o 0z (a3 0z Gl (AL (Bl b a5 S 2L jo ool
Jbed 05T sloaisS g el Jolge adg b 0S50 abligesd (o2 azeyd (V) 0Bl S 2l g0

1. Nuclear Factor-Kappa B (NF-xB)

FA o )lods Y 0590 NFF b ¢ o)y9 55992 39



NULS BRI VoY
sly Gloys JBal) S plsieas roze ledl oo cnlplis «(F) 09— o lac—wgilia 4 ol g0 '(ROS)
el ool a8 515 0 (g5 slas Lo

TNF-0 5 IL-6 (g0 Gliee 908 (5l9 (i pod b (i 5| g a8 0l (Lt 0l gy @mlis el e 098]
Ol 2 sl Dl e Sl dalllas cpoiz po 2l ialS g loline job ar (5,0 logise oS Zdly o 50
s IL-1 sy ol Ol (2l8 il al b o ol s 4y glite @l 5 0 (s 2 Sl Jle
Doeails (58555 (el O0) wd (51T Gl lagise ;o Gl (ned ke cta Sl ey S 2l o TNF-0
5 e S5 n bt o0 Sl 4 (VF) oy alS Blr sloige s9uS il o |, TNF-a oL 5
e S3la— (ol i et calin ysbo 4y el o @l @ olitws Y3 alexjl aSogejl (sla S5
Wl (29l (n e 4d St (izren (V1) o (20l Bl lagtge Gd8 il o | TNF-a 5 IL-6 05 oLe
S Cewl oas aseie (VY N F) 0y ol i Gy oS a4 Mie slo jige ;0 CRP g TNF-0L o yus xlass alS L
s ot g (ST T slam 5T Gl Glal33l 5 0S4 Wleg Slo 35a5 (talS ol 5l eplate (55 Collad
(P S o Sy |y IS o 08 4 Miee e o olgall 5 36 S ool aROS

@l %0 5103 JaSe cdlys 5l Gl slogige oS <dl o TNF-0 g IL-6 o5y le (liee 20l8
Sledlas BT a5 55 55len oy pe3 51 oo 03 2db o Sy Sl slo Kilis 2als e oy ,ol> iegh
o S8l 5 (V) YY) oy rlans 5o el else (205 50 03 oS st ST a0 oo oLt | JoSe ] 558
b @3 oS il a5 ol s sols s S o awl 1) ol Gimgh bt a5 coul sasd 3155 (V)
Lly pl 5o (V) aps oo 2alS wiells lhmo sl ige (o8 il o |, TNF-0 o IL-6 (5 olo caan cin
55 ASls 5T (V1) s & Mis hlo 5o (2ol sloieS sl (228 g0 03 L )b oS it cutin
lmale s s biplio a o b oled! oo 10 03 )z glbsul 45 Cul 0aiis ool Lask e o (YY)
Sedsid Wl ol (1)) s o it 555 51 oleidlocs BT daysslo 5 oz dagsislss, awile lgallcs
3T 51 s oz ] 2l 35 ce ST i gapdsind 51 Llod] SloS e Lawsgs el 06 ey a5
FPGS) oy M Lsg 4 "(LOXS) b ;L5unS 5d F(COXS) ;LS TolSes Jito oo 31 51 (slaiss awgs
Gl 45 ol 00 aseiie S s 550 el Sl g 955 oo i Tl penS el 5 OLTS) baiys 355!
alS Crgo e ool i ool b Setdgid T sl (sloosi 1S 5 Wl g b <uls, ol 5l DHA s EPA 1~

(V) Kgd oo ol

1. Reactive oxygen Sepcies (ROS)
2. Cyclooxygenases (COXs)

3. Lipoxygenases (LOXSs)

4. Prostaglandins (PGs)

5. Leukotrienes (LTs)

6. Lipoxins

FA oylols Y 0590 NFF liwwo) ()59 S59I 9 b



V¥ el (2ol e S gl Gljwo 2 ¥— B0l JoSo b ol o g s (55198 (32 503 551
Ol Ol (2ol 50 3 JoSe clyyo 5 waa b (5lse (n et (2l8lee S Sl Sl eghy SLL assly
S8l 5 slen Sl et ployes S (Swl glagiagy g Gl slagise oS <l > TNF-0 g IL-6 o5y
TNF-0 5 1L-6 ()5 ol Gliee (2005 @Bl (nl b gnod ilod,S (s 2 1) (2ol sl ,S0L8S (e 2 03 JoSe
Orized (V0) ol 315 03 JaSe 2l ) 5 (55l (e i Cia Sl ey gl Slahge (8 L o
Flesilon a3 5 (03 YL polie sol>) (plo 89, Brae oS 5 (3lr latse ;o 45 Sl o ols (L
A A (FY) o)l oleiay (uyed g (Blo 85, b aulio )0 TNF-00 5 IL-6 NF- £ B oLy (22l 5 (6 it
ol b ol o az 1 il alie sla oges] 5 oot Jlae! alsloe o slalllas )b 36 gl Slsias wims,y o
S8 5 CRP) bl la Sl 3 3 JoSo 5 (5519 (a8 S 5 45 0 o0ls (Ld gy 5o daaidly
S0l g5 g oo «glite la G053l (YY) 0 i I Bla g y59a8L5] sl yls b ;0 (MDA) —islS]

ASb sdsleassa i Opbe s el (S Loyl

Ao oly

@ azg boel oS cdl ol sla Silas Jooes jo 2l8lee Sl 03 JaSe 8l )5 5 55l (a0l S
2559 Soallse 457 LGS Gl oo (g lmgiS g VWS pls g pz A5 )l BBl )0 eie Dol AE
Slaiagh pll 4 az ST s w5 lgcd g laglon J525 50 (bl (2ol nogsl 2l
el 35 155 ol s 5 s (slapnle s s sy (s i

O ol

oles 5 9o, IRJAUILAM.REC.1402.063 S L 31 asly ol;1 olfsils 55 e sl 4 anlllas ol
Al plol  (Sipds asly Gillae 1 o5

O@M’ "95 C«S)L&.n

Srie 555 9 IS 5ol ywadlae g5l o]

el St 5 e oS Aaools (s5laax

Gl Sl 9 S 5,0l radlae posls ol

Sy 55 5 goel Sl rallie )5

W 6ol Grmadlase ity 9 (Sl

S 595 5 Gl Sl (D (5 ,0lb nadlae iolaol 5

SN gl rmdlane wefgp poe

A el Cdl 5 ol cpgl olislesl acgaze yo aBislejl sla o 150 &5 L 4365 50

&l o)l

5,000 ilie et lie ol Bt s bl sl

FA o )lods Y 0590 NFF b ¢ o)y9 55992 39



RULS P 1of

‘53‘0)5\55 s

oS o0 Sl Bl g ol ol )8 (8 Sl lp cwdle 0F ol cnsl aibl ac e |

&bo

1. Chooi YC, Ding C, Magkos F. The epidemiology of obesity. Metabolism. 2019;92:6-10.
http://doi.org/10.1016/j.metabol.2018.09.005

2. Duan Y, Pan X, Luo J, Xiao X, Li J, Bestman PL, Luo M. Association of inflammatory cytokines with
non-alcoholic fatty liver disease. Front Immunol. 2022;13:880298.
http://doi.org/10.3389/fimmu.2022.880298

3. Zheng H, Sechi LA, Navarese EP, Casu G, Vidili G. Metabolic dysfunction-associated steatotic liver
disease and cardiovascular risk: a comprehensive review. Cardiovasc Diabetol. 2024;23(1):346.
http://doi.org/10.1186/s12933-024-02434-5

4. Masetto Antunes M, Godoy G, Masi LN, Curi R, Barbosa Bazotte R. Prefrontal cortex and hippocampus
inflammation in mice fed high-carbohydrate or high-fat diets. J Med Food. 2022;25(1):110-3.
http://doi.org/10.1089/jmf.2021.0026

5. Engin A. Nonalcoholic fatty liver disease and staging of hepatic fibrosis. Adv Exp Med Biol.
2024;1460:539-574. http://doi.org/10.1007/978-3-031-63657-8_18

6. Auguet T, Bertran L, Binetti J, Aguilar C, Martinez S, Sabench F, et al. Relationship between IL-8
circulating levels and TLR2 hepatic expression in women with morbid obesity and nonalcoholic
steatohepatitis. Int J Mol Sci. 2020;21(11):4189. http://doi.org/10.3390/ijms21114189

7. Ponziani FR, Bhoori S, Castelli C, Putignani L, Rivoltini L, Del Chierico F, et al. Hepatocellular
carcinoma is associated with gut microbiota profile and inflammation in nonalcoholic fatty liver
disease. Hepatology. 2019;69(1):107-20. http://doi.org/10.1002/hep.30036

8. Cheng R, Wang L, Le S, Yang Y, Zhao C, Zhang X, et al. A randomized controlled trial for response of
microbiome network to exercise and diet intervention in patients with nonalcoholic fatty liver
disease. Nat Commun. 2022;13(1):2555. http://doi.org/10.1038/s41467-022-29968-0

9. Thyfault JP, Bergouignan A. Exercise and metabolic health: beyond skeletal muscle. Diabetologia.
2020;63(8):1464-74. http://doi.org/10.1007/s00125-020-05177-6

10. Wang H, Cheng R, Xie L, Hu F. Comparative efficacy of exercise training modes on systemic metabolic
health in adults with overweight and obesity: a network meta-analysis of randomized controlled
trials. Front Endocrinol. 2024;14:1294362. http://doi.org/10.3389/fend0.2023.1294362

11. Nalcakan GR. The effects of sprint interval vs. continuous endurance training on physiological and
metabolic adaptations in young healthy adults. J Hum Kinet. 2014;44:97-1009.
http://doi.org/10.2478/hukin-2014-0115

12. Kalaki-Jouybari F, Shanaki M, Delfan M, Gorgani-Firouzjae S, Khakdan S. High-intensity interval
training (HIIT) alleviated NAFLD feature via miR-122 induction in liver of high-fat high-fructose
diet induced diabetic rats. Arch Physiol Biochem. 2020;126(3):242-9.
http://doi.org/10.1080/13813455.2018.1510968

13. Javadi Kia M, Barjaste Yazdi A, Khajei R, Hosein Abadi M R. Effect of high-intensity interval training
and portulaca oleracea extract on c-reactive protein and tumor necrosis factor-o in rats with
nonalcoholic fatty liver disease. North Khorasan Univ. Med Sci. 2023;15(2):13-21.
http://doi.org/10.32592/nkums.15.2.13 [In Persian].

14. Khaleghzadeh H, Afzalpour ME, Ahmadi MM, Nematy M, Sardar MA. Effect of high intensity interval
training along with Oligopin supplementation on some inflammatory indices and liver enzymes in
obese male Wistar rats with non-alcoholic fatty liver disease. Obes Med. 2020;17:100177.
http://doi.org/10.1016/j.0bmed.2019.100177

FA oylols Y 0590 NFF liwwo) ()59 S59I 9 b


file:///C:/Users/ORIGINAL/Desktop/متن%20اصلی%20با%20نام-%20اصلاح%20شده%20بدون%20هایلایت.docx
http://doi.org/10.3389/fimmu.2022.880298
http://doi.org/10.1186/s12933-024-02434-5
http://doi.org/10.1089/jmf.2021.0026
http://doi.org/10.1007/978-3-031-63657-8_18
http://doi.org/10.3390/ijms21114189
http://doi.org/10.1002/hep.30036
http://doi.org/10.1038/s41467-022-29968-0
http://doi.org/10.1007/s00125-020-05177-6
http://doi.org/10.3389/fendo.2023.1294362
http://doi.org/10.2478/hukin-2014-0115
http://doi.org/10.1080/13813455.2018.1510968
http://doi.org/10.32592/nkums.15.2.13
http://doi.org/10.1016/j.obmed.2019.100177

Vo0 bl el G LS g b (310 9 V- Kol JoSo s of podd o i (53198 (39 w03 i1

15. Ghasemi M, Abdi A, Abbassi Daloii A. The effect of combining aerobic exercise and royal jelly on the
expression of pro-inflammatory cytokines in liver tissue of obese rats. Iranian Journal of Diabetes
and Metabolism. 2023;22(5):282-293. [In Persian].

16. Kawanishi N, Yano H, Mizokami T, Takahashi M, Oyanagi E, Suzuki K. Exercise training attenuates
hepatic inflammation, fibrosis and macrophage infiltration during diet induced-obesity in mice. Brain
Behav Immun. 2012;26(6):931-41. http://doi.org/10.1016/j.bbi.2012.04.006

17. Chacinska M, Zabielski P, Ksigzek M, Szataj P, Jarzabek K, Kojta I, Chabowski A, Btachnio-Zabielska
AU. The impact of omega-3 fatty acids supplementation on insulin resistance and content of
adipocytokines and biologically active lipids in adipose tissue of high-fat diet fed rats. Nutrients.
2019;11(4):835. http://doi.org/10.3390/nu11040835

18. Gerling CJ, Mukai K, Chabowski A, Heigenhauser GJF, Holloway GP, Spriet L, et al. Incorporation of
omega-3 fatty acids into human skeletal muscle sarcolemma and mitochondrial membranes
following 12 weeks of fish oil supplementation. Front Physiol. 2019;10:348.
http://doi.org/10.3389/fphys.2019.00348

19. Jeong HY, Moon YS, Cho KK. 0-6 and -3 polyunsaturated fatty acids: inflammation, obesity and
foods of animal resources. Food Sci Anim Resour. 2024;44(5):988-1010. http://doi.org/10.
5851/kosfa.2024.e65

20. Torabi Palat Kaleh G, Abdi A, Abbassi Daloii A. The effect of aerobic exercise and omega-3 on
inflammatory and oxidative stress in the heart tissue of elderly HFD rats. J Isfahan Med Sch.
2023;41(716):277-86. http://doi.org/10.48305/jims.v41.i716.0277. [In Persian].

21. Malekshahi Moghadam A, Saedisomeolia A, Djalali M, Djazayery A, Pooya S, Sojoudi F. Efficacy of
omega-3 fatty acid supplementation on serum levels of tumour necrosis factor-alpha, C-reactive
protein and interleukin-2 in type 2 diabetes mellitus patients. Singapore Med J. 2012;53(9):615-9.

22. Aliasghari F, Eftekhari M, Babaei Beigi M, Hasanzadeh J, Mazooji N. The effect of conjugated linoleic
acids and omega-3 fatty acids supplementation on some inflammatory and oxidative stress markers
in atherosclerosis. Iranian J Nutr Sci Food Technol. 2013;7(4):35-44. [In Persian].

23. Jalili R, Somi MH, Hosseinifard H, Salehnia F, Ghojazadeh M, Makhdami N, et al. The evaluation of
effective drugs for the treatment of non-alcoholic fatty liver disease: a systematic review and network
meta-analysis. Adv Pharm Bull. 2020;10(4):542-55. http://doi.org/10.34172/aph.2020.065.

24. Daneshyar S, Mirakhori Z, Forutan Z. The effect of high-fat diet and continuous endurance training on
expression of TFEB and E2F1 transcription factors in visceral adipose tissue of mice. Feyz.
2023;27(6):646-56. http://doi.org/10.48307/FMSJ.2022.26.6.646 [In Persian].

25. Nemati N, Bagherpour T, Mokheilefi M. Effect of aerobic training and cinnamon on expression of
resistin gene in adipose tissue of male rats fed with a high-fat diet. Jundishapur J Health Sci.
2023;16(1):e135644. http://doi.org/10.5812/jjhs-135644

26. Pereira MG, Ferreira JC, Bueno CR Jr, Mattos KC, Rosa KT, Irigoyen MC, et al. Exercise training
reduces cardiac angiotensin Il levels and prevents cardiac dysfunction in a genetic model of
sympathetic hyperactivity-induced heart failure in mice. Eur J Appl Physiol. 2009;105(6):843-50.
http://doi.org/10.1007/s00421-008-0967-4

27. Bardova K, Funda J, Pohl R, Cajka T, Hensler M, Kuda O, et al. Additive effects of omega-3 fatty acids
and thiazolidinediones in mice fed a high-fat diet: Triacylglycerol/fatty acid cycling in adipose tissue.
Nutrients. 2020;12(12):3737. http://doi.org/10.3390/nu12123737

28. Feng D, Zou J, Su D, Mai H, Zhang S, Li P, et al. Curcumin prevents high-fat diet-induced hepatic
steatosis in ApoE” mice by improving intestinal barrier function and reducing endotoxin and liver
TLR4/NF-xB inflammation. Nutr Metab. 2019;16:79. http://doi.org/10.1186/s12986-019-0410-3.

29. Dey T, Ghosh A, Mishra S, Pal PK, Chattopadhyay A, Pattari SK, et al. Attenuation of arsenic induced
high fat diet exacerbated oxidative stress mediated hepatic and cardiac injuries in male Wistar rats

FA o )lods Y 0590 NFF b ¢ o)y9 55992 39


http://doi.org/10.1016/j.bbi.2012.04.006
http://doi.org/10.3390/nu11040835
http://doi.org/10.3389/fphys.2019.00348
http://doi.org/10.%205851/kosfa.2024.e65
http://doi.org/10.%205851/kosfa.2024.e65
http://doi.org/10.48305/jims.v41.i716.0277
http://doi.org/10.34172/apb.2020.065
http://doi.org/10.48307/FMSJ.2022.26.6.646
http://doi.org/10.5812/jjhs-135644
http://doi.org/10.1007/s00421-008-0967-4
http://doi.org/10
http://doi.org/10.1186/s12986-019-0410-3

RULS P Vo

by piperine involved antioxidative mechanisms. Food Chem Toxicol. 2020;142:111477.
http://doi.org/10.1016/j.fct.2020.111477

30. Jeong JH, et al. The effects of either resveratrol or exercise on macrophage infiltration and switching
from M1 to M2 in high fat diet mice. J Exe Nut Biochem. 2015;19(2):65.
http://doi.org/10.5717/jenb.2015.15060203

31. Ishihara T, Yoshida M, Arita M. Omega-3 fatty acid-derived mediators that control inflammation and
tissue homeostasis. Int Immunol. 2019;31:559-567. http://doi.org/10.1093/intimm/dxz001

32. Veras ASC, Gomes RL, Almeida Tavares ME, Giometti IC, Cardoso APMM, da Costa Aguiar Alves
B, et al. Supplementation of polyunsaturated fatty acids (PUFASs) and aerobic exercise improve
functioning, morphology, and redox balance in prostate obese rats. Sci Rep. 2021;11(1):6282.
http://doi.org/10.1038/s41598-021-85337-9

33. Montazer S, Gholami M, Azarbayjani MA, Abed Natanzi H. Effects of aerobic training and omega-3
supplementation on the levels of CRP, MDA and lipid profile in overweight and obese women. J Bas
Res Med Sci. 2021;8(4):60-70. Available at: http://jorms.medilam.ac.ir/article-1-581-en.html

FA oylols Y 0590 NFF liwwo) ()59 S59I 9 b


http://doi.org/10.1016/j.fct.2020.111477
http://doi.org/10.5717/jenb.2015.15060203
http://doi.org/10.1093/intimm/dxz001
http://doi.org/10.1038/s41598-021-85337-9
http://jbrms.medilam.ac.ir/article-1-581-en.html

