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Abstract

was assessed.

Background: Several studies have shown that obesity alters the function and structure of the heart.

Objectives: This study examined the impact of increasing aerobic exercise (IAE) on the mRNA expression of Cyclooxygenase-2
(COX-2) and nuclear factor Kappa B (NF-kB) in the cardiac tissue of rats fed a high-fat diet (HFD).

Methods: Twenty-four male Wistar rats were divided into two groups and fed two types of diets for eight weeks: Control and
HED groups. After eight weeks, the rats on the HFD were further divided into HFD and HFD + IAE groups. The exercise program
was conducted for six weeks, with five sessions per week, progressing from moderate to high intensity. The program followed
the principle of gradual overload and was based on the maximum speed of the rats. The expression of COX-2 and NF-kB genes

Results: The expression of COX-2 and NF-kB genes increased in the HFD group compared to the control group. After six weeks,
the expression of NF-kB and COX-2 genes decreased in the HFD + IAE group compared to the HFD group.
Conclusions: Six weeks of IAE appears to reduce the inflammatory process in rats with HFD-induced obesity.
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1. Background

About one-third of the world's population is
currently obese or overweight (1). Excessive calorie
consumption is the primary cause of obesity (2). Several
studies have shown that rats fed a high-fat diet (HFD)
with fructose exhibit dyslipidemia, visceral fat
accumulation, impaired glucose tolerance, and
ventricular hypertrophy (3, 4). Previous research
confirms that an HFD contributes to cardiovascular
disease (5).

Obesity causes inflammation and cardiovascular
disease through various pathways. Therefore, targeting
these pathways can protect cardiomyocytes and
enhance cardiac repair mechanisms (6, 7). Nuclear
factor Kappa B (NFkB) regulates the expression of
inflammatory cytokines and anti-inflammatory genes
during the resolution of inflammation in vivo. The
chronic progression of hypertrophy, fibrosis, and
ventricular dysfunction continues with a local increase

in cytokines and NF-kB activation (8). Blocking NF-kB
reduces heart failure and promotes the regeneration of
myocardial infarction (9). The enzyme Cyclooxygenase-2
(COX-2) is targeted with NFxB and regulates
prostaglandin generation from arachidonic acid (10).
Cyclooxygenase-2 is rapidly induced as part of
inflammatory reactions in response to extracellular
stimuli and regulates cell proliferation, differentiation,
and carcinogenesis (11). Inhibition of COX-2 reduces
cardiovascular and inflammatory complications in
obese mice treated with monosodium glutamate (12).
Nuclear factor Kappa B and COX-2 are the main
pathways for chronic inflammation, and the targeted
inhibition of NF-kB and COX-2 is considered a practical
goal in treating inflammatory diseases (13).

Regular exercise regulates inflammatory signaling
cascades and is associated with anti-inflammatory
markers (14). Long-term training reduces inflammatory
cytokines and mild chronic inflammation by decreasing
the levels of NF-kB and COX-2 (15).
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Despite the obvious benefits of regular exercise in
controlling obesity and preventing cardiovascular
diseases, there are conflicting results regarding the
impact of regular aerobic activity on COX-2 and NF-xB
genes, which are involved in inflammatory pathways (15-
19). These contradictory results may be due to
differences in the duration of the training period or the
intensity of the exercises used. In addition, limited
information is available on the impact of increasing
aerobic exercise (IAE) performed by gradually
increasing the load on inflammatory factors in heart
tissue.

2. Objectives

Therefore, this study seeks to determine whether IAE
affects the mRNA expression of COX-2 and NF-kB in the
cardiac tissue of rats on an HFD.

3. Methods

3.1. Study Design

This experimental study was approved by the Ethics
Committee in Biomedical Research of Ahvaz Islamic
Azad University with the code
IR.IAU.AHVAZ.REC.1402.040. Twenty-four male Wistar
rats (8 - 10 weeks old; 200 - 250 g) were kept in standard
transparent polycarbonate cages under a 12-hour
light/dark cycle, at 22 + 2°C, and with a relative humidity
of 40 to 60%. The animals were divided into a control
group (8 rats) and an HFD group (fed with food
containing 60% fat and 25% fructose) (16 rats). After eight
weeks, the rats treated with the HFD were further
divided into the HFD group and the HFD + IAE group.

3.2. Exercise

To acclimate to the treadmill, the animals ran on the
rodent treadmill for one week, five days per week (10 - 15
minutes; 5-10 m/minute). The maximum running speed
of the rats was tested before beginning the training to
determine the intensity of the training program and
apply overload.

The IAE program was conducted for 6 weeks, with 5
sessions per week. The duration and speed increased
from 10 m/minute for 10 minutes in the first week, to 10
m/minute (60% of maximum running speed) for 20
minutes in the second week, 14 - 15 m/minute (70% of
maximum running speed) for 20 minutes in the third

week, 14 - 15 m/minute for 30 minutes in the fourth
week, and finally to 17 - 18 m/minute (80% of maximum
running speed) for 30 minutes in the fifth and sixth
weeks.

3.3. Tissue Samples

Forty-eight hours after the experiment, the animals
were euthanized painlessly with ketamine/xylazine.
After opening the chest, the heart tissue was dissected
and promptly placed in a freezer at -80°C for storage
until needed.

3.4.Real-time

RNA was isolated from the cardiac tissue using the
RNeasy kit (Qiagen). To generate complementary DNA
(cDNA), the RNA was reverse transcribed using a kit also
provided by Qiagen. The PCR reaction mix consisted of
cDNA, DEPC water, forward and reverse primers, and
SYBR Green Master Mix (Qiagen). The qRT-PCR was
performed using 45 cycles: 95°C for 50 seconds, 95°C for
30 seconds, and 60°C for 35 seconds. Relative gene
expression was normalized using GAPDH. Data were
analyzed using REST software (2009).

3.5. Data Analysis

A one-way analysis of variance (ANOVA) test (SPSS,
version 21), followed by LSD or Kruskal-Wallis tests, was
used to analyze the data. The significance level was set at
less than 0.05.

4. Results

There was no significant difference between the
initial weights of the rats in the research groups (P >
0.05). However, in the final week, the average weight
gain in the HFD group was greater than that of the
control group (P < 0.05). On the other hand, six weeks of
IAE reduced the weight gain induced by the HFD. The
average weight change in the HFD + IAE group was
notably lower in the final weeks compared to the HFD
group (P < 0.05, Figure 1).

Figures 2 and 3 show that the highest levels of NF-kB
and COX-2 were expressed in the HFD group, while the
lowest levels were observed in the healthy control
group. Additionally, the expression levels of NF-kB and
COX-2 genes in the HFD + IAE group were significantly
lower than in the HFD group (P < 0.01 and P < 0.05,
respectively).
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Figure 1. The average and standard deviation of the changes in body wights in different experimental groups (3 groups). * P < 0.01, # P < 0.05. * and #, respectively, compare the
control and high-fat diet (HFD) groups.
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Figure 2. Expression of nuclear factor Kappa B (NF-kB) in various groups (mean + SD; n =8). *P < 0.01, ** P < 0.001, # P < 0.05. * and #, respectively, compare the control and high-
fat diet (HFD) groups.

Data analysis revealed that the induction of obesity =~ the HFD group compared to the control group (P < 0.001
led to increased expression of NF-kB and COX-2 genes in and P < 0.01, respectively).

Jentashapir | Cell Mol Biol. 2024; 15(3): e149397. 3



Farahbakhsh F and Khanmohamadi R

18
16

o~

514

o 12

k)

%10

ES

o 6

=

S 4
2
0 =

*k*%k

* Yt

Control

HFD HFD + IAE

Figure 3. Expression of Cyclooxygenase-2 (COX-2) in various groups (mean * SD; n = 8). **P < 0.01, ***P < 0.001, #P < 0.05. *and #, respectively, compare the control and high-fat

diet (HFD) groups.

There was a significant decrease in the expression of
NF-kB and COX-2 genes in the HFD+IAE group compared
to the HFD group (P < 0.05). No notable difference in the
expression of NF-xkB and COX-2 genes was found
between the HFD+IAE group and the healthy control
group (P> 0.05).

5. Discussion

The present study showed that an HFD increased the
expression of NF-kB and COX-2 genes in heart tissue. In
this context, Cortez et al. reported that an HFD increases
the production of TNF-a, IL-6, and IL-1 in bone marrow
mesenchymal stem cells by upregulating NF-kB (20).
Nuclear factor Kappa B levels have been found to
increase in obesity, and inhibiting it can lead to insulin
resistance. Cyclooxygenase-2 is one of the major
downstream molecular targets of NF-kB during the
inflammatory process (21).

The enhanced NF-kB levels in the heart tissue of the
HFD group were accompanied by an increase in the
expression of the COX-2 gene. This finding indicates that
the activation of the inflammation pathway is involved
in obesity. The present study also showed that IAE
decreased the expression of COX-2 and NF-kB genes in
the heart tissue of rats fed an HFD. Padrao et al.

demonstrated that 13 weeks of endurance training (5
days/week) downregulated NF-kB in the cardiac muscle
of mice (22). Liu and Chang observed that moderate-
intensity exercise inhibits NF-kB signaling and reduces
NF-xB levels in diabetic rats (16).

Our research showed that IAE decreases the
expression levels of COX-2 and NF-kB genes in the heart
tissue of rats on an HFD. In contrast to our results,
Kohpayeh et al. showed that low-intensity exercise and
the consumption of crocin had no notable impact on
NF-kB expression in mice (18). The intensity and
duration of the training may explain the discrepancy
between our findings and the study by Kohpayeh et al.
In the current study, the duration and intensity of the
exercise were equivalent to 60% to 80% of the maximum
speed. The exercise sessions started at 10 minutes and
increased to 30 minutes each, while in Kohpayeh et al.'s
study, the exercise intensity was 50% to 55% of maximum
running speed, starting at 19 minutes and continuing
up to 47 minutes in each session (18).

Niksarasht et al. showed that eight weeks of aerobics
had no notable impact on NF-kB in women with type 2
diabetes (23). This discrepancy may be due to differences
in subject characteristics and sample size. Niksarasht et
al. measured NF-kB levels in the serum of diabetic
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humans, while in our study, NF-kB levels were measured
in the cardiac muscle of obese rats (23).

In another study, Firouzi-Niaki et al. demonstrated
that six weeks of endurance training, consisting of five
sessions per week lasting 50 minutes each at a speed of
14-18 m/second, along with the administration of taxol at
a dosage of 60 mg/kg/day, decreased COX-2 levels in the
liver tissue of rats (24). Shiraliet al. also showed that six
weeks of swimming combined with the consumption of
aloe vera extract reduced COX-2 activity in mice (17).

In the study by Saed-Mocheshi et al., aerobic training
increased NF-kB protein levels in the prostate tissue of
healthy mice but did not affect COX-2 protein levels (19).
In their study, each training session lasted 45 minutes,
and healthy mice were used, while in our study, the
training sessions lasted 20 minutes and involved obese
rats.

5.1. Conclusions

In conclusion, six weeks of IAE appears to reduce the
activation of inflammatory pathways and lower tissue
levels of enzymes involved in the inflammatory process
caused by obesity. Future research should investigate
the impact of IAE on pro-inflammatory and anti-
inflammatory factors in obese subjects.

Footnotes

Authors' Contribution: R. Kh.: Conceived and designed
the study; E. E: Acquired and analyzed the data; R. Kh.:
Supervised the research; F. E and R. Kh.; Drafted and
revised the article.

Conflict of Interests Statement: The authors declare
no conflict of interests.

Data Availability: The dataset presented in the study is
available on request from the corresponding author
during submission or after publication.

Ethical Approval: This study was approved by the
Ethics Committee of Ahvaz Islamic Azad University
(code: IR.JAU.AHVAZ.REC.1402.040 ).

Funding/Support: The present study was funded by
Islamic Azad University, Behbahan, Iran.

References

1. Boutari C, Mantzoros CS. A 2022 update on the epidemiology of
obesity and a call to action: as its twin COVID-19 pandemic appears to
be receding, the obesity and dysmetabolism pandemic continues to

Jentashapir ] Cell Mol Biol. 2024; 15(3): €149397.

10.

1.

12.

rage on. Metabolism. 2022;133:155217. [PubMed ID: 35584732]. [PubMed
Central ID: PM(C9107388].
https://doi.org/10.1016/j.metabol.2022.155217.

Lee S, Lee HJ, Kim SC, Joo JK. Association between nutrients and
metabolic syndrome in middle-aged Korean women. Arch Endocrinol
Metab. 2020;64(3):298-305. [PubMed ID: 32555997]. [PubMed Central
ID: PMC10522223). https://doi.org[10.20945/2359-3997000000252.

Prasatthong P, Meephat S, Rattanakanokchai S, Bunbupha S,
Prachaney P, Maneesai P, et al. Hesperidin ameliorates signs of the
metabolic syndrome and cardiac dysfunction via IRS/Akt/GLUT4
signaling pathway in a rat model of diet-induced metabolic
syndrome. Eur | Nutr. 2021;60(2):833-48. [PubMed ID: 32462317].
https://doi.org[10.1007/s00394-020-02291-4.

Liu C, Guo Y, Sun L, Lai X, Li Q, Zhang W, et al. Six types of tea reduce
high-fat-diet-induced fat accumulation in mice by increasing lipid
metabolism and suppressing inflammation. Food Funct.
2019;10(4):2061-74. [PubMed ID: 30907897].
https://doi.org/10.1039/c8f002334d.

Sarfaraz S, Singh S, Hawke A, Clarke ST, Ramdath DD. Effects of High-

Fat Diet Induced Obesity and  Fructooligosaccharide
Supplementation on Cardiac Protein Expression. Nutrients.
2020;12(11). [PubMed ID: 33167590]. [PubMed Central ID:

PMC7694524]. https:[/doi.org[10.3390/nu12113404.

Hotamisligil GS, Erbay E. Nutrient sensing and inflammation in
metabolic diseases. Nat Rev Immunol. 2008;8(12):923-34. [PubMed ID:
19029988]. [PubMed Central ID: PMC2814543].
https://doi.org/10.1038/nri2449.

Back M, Yurdagul A, Tabas I, Oorni K, Kovanen PT. Inflammation and
its resolution in atherosclerosis: mediators and therapeutic
opportunities. Nat Rev Cardiol. 2019;16(7):389-406. [PubMed ID:
30846875]. [PubMed Central ID: PMC6727648].
https://doi.org/10.1038/s41569-019-0169-2.

Gjevestad GO, Holven KB, Ulven SM. Effects of Exercise on Gene
Expression of Inflammatory Markers in Human Peripheral Blood
Cells: A Systematic Review. Curr Cardiovasc Risk Rep. 2015;9(7):34.
[PubMed ID: 26005511]. [PubMed Central ID: PMC4439514].
https://doi.org/10.1007/s12170-015-0463-4.

Kawano S, Kubota T, Monden Y, Tsutsumi T, Inoue T, Kawamura N, et
al. Blockade of NF-kappaB improves cardiac function and survival
after myocardial infarction. Am | Physiol Heart Circ Physiol.
2006;291(3):H1337-44. [PubMed ID: 16632551].
https://doi.org[10.1152/ajpheart.01175.2005.

Flamiatos JF, Beer TM, Graff |N, Eilers KM, Tian W, Sekhon HS, et al.
Cyclooxygenase-2 (COX-2) inhibition for prostate cancer
chemoprevention: double-blind randomised study of pre-
prostatectomy celecoxib or placebo. BJU Int. 2017;119(5):709-16.
[PubMed ID: 27480340]. https://doi.org[10.1111/bju.13612.

Higashi Y, Kanekura T, Kanzaki T. Enhanced expression of
cyclooxygenase (COX)-2 in human skin epidermal cancer cells:
evidence for growth suppression by inhibiting COX-2 expression. Int |
Cancer. 2000;86(5):667-71. [PubMed ID: 10797288].
https://doi.org/10.1002/(sici)1097-0215(20000601)86:5<667::aid-
ij€10>3.0.0;2-y.

Cunha NV, de Abreu SB, Panis C, Grassiolli S, Guarnier FA, Cecchini R,
et al. Cox-2 inhibition attenuates cardiovascular and inflammatory
aspects in monosodium glutamate-induced obese rats. Life Sci.
2010;87(11-12):375-81. [PubMed ID: 20688085].
https://doi.org/10.1016/j.1fs.2010.07.014.

Faloppa CC, Baiocchi G, Cunha IW, Fregnani JH, Osorio CA, Fukazawa
EM, et al. NF-kappaB and COX-2 expression in nonmalignant


https://ethics.research.ac.ir/ProposalCertificateEn.php?id=329244
http://www.ncbi.nlm.nih.gov/pubmed/35584732
https://www.ncbi.nlm.nih.gov/pmc/PMC9107388
https://doi.org/10.1016/j.metabol.2022.155217
http://www.ncbi.nlm.nih.gov/pubmed/35584732
https://www.ncbi.nlm.nih.gov/pmc/PMC9107388
https://doi.org/10.1016/j.metabol.2022.155217
http://www.ncbi.nlm.nih.gov/pubmed/32555997
https://www.ncbi.nlm.nih.gov/pmc/PMC10522223
https://doi.org/10.20945/2359-3997000000252
http://www.ncbi.nlm.nih.gov/pubmed/32462317
https://doi.org/10.1007/s00394-020-02291-4
http://www.ncbi.nlm.nih.gov/pubmed/30907897
https://doi.org/10.1039/c8fo02334d
http://www.ncbi.nlm.nih.gov/pubmed/33167590
https://www.ncbi.nlm.nih.gov/pmc/PMC7694524
https://doi.org/10.3390/nu12113404
http://www.ncbi.nlm.nih.gov/pubmed/19029988
https://www.ncbi.nlm.nih.gov/pmc/PMC2814543
https://doi.org/10.1038/nri2449
http://www.ncbi.nlm.nih.gov/pubmed/30846875
https://www.ncbi.nlm.nih.gov/pmc/PMC6727648
https://doi.org/10.1038/s41569-019-0169-2
http://www.ncbi.nlm.nih.gov/pubmed/26005511
https://www.ncbi.nlm.nih.gov/pmc/PMC4439514
https://doi.org/10.1007/s12170-015-0463-4
http://www.ncbi.nlm.nih.gov/pubmed/16632551
https://doi.org/10.1152/ajpheart.01175.2005
http://www.ncbi.nlm.nih.gov/pubmed/27480340
https://doi.org/10.1111/bju.13612
http://www.ncbi.nlm.nih.gov/pubmed/10797288
https://doi.org/10.1002/(sici)1097-0215(20000601)86:5%3C667::aid-ijc10%3E3.0.co;2-y
https://doi.org/10.1002/(sici)1097-0215(20000601)86:5%3C667::aid-ijc10%3E3.0.co;2-y
http://www.ncbi.nlm.nih.gov/pubmed/20688085
https://doi.org/10.1016/j.lfs.2010.07.014

Farahbakhsh F and Khanmohamadi R

14.

15.

16.

17.

endometrial lesions and cancer. Am J Clin Pathol. 2014;141(2):196-203.
[PubMed ID: 24436266]. https://doi.org[10.1309/A]CPV7U7PGHOWEQG.

Behboudi L, Eizadi M. The Modifying Impact of Long-Term Endurance
Training on Inflammatory Cytokine IL-1B Level and VO2max in
Premenopausal Women with Abdominal Obesity. Jundishapur |
Chronic Dis Care. 2017;In Press(In Press).
https://doi.org/10.5812/jjcdc.57180.

Adamopoulos S, Parissis ], Kroupis C, Georgiadis M, Karatzas D,
Karavolias G, et al. Physical training reduces peripheral markers of
inflammation in patients with chronic heart failure. Eur Heart J.
2001;22(9):791-7. [PubMed ID: 1350112].
https://doi.org/10.1053/euh;j.2000.2285.

Liu HW, Chang SJ. Moderate Exercise Suppresses NF-kappaB Signaling
and Activates the SIRTI-AMPK-PGClalpha Axis to Attenuate Muscle
Loss in Diabetic db/db Mice. Front Physiol. 2018;9:636. [PubMed ID:
29896118]. [PubMed Central ID: PMC5987703].
https://doi.org/10.3389/fphys.2018.00636.

Shirali S, Barari A, Hosseini SA, Khodadi E. Effects of Six Weeks
Endurance Training and Aloe Vera Supplementation on COX-2 and
VEGF Levels in Mice with Breast Cancer. Asian Pac | Cancer Prev.
2017;18(1):31-6. [PubMed ID: 28240006]. [PubMed Central ID:
PMC5563116]. https:[/doi.org[10.22034/APJCP.2017.18.1.31.

Kouhpayeh Z, Farsi S, Hoseini A, Fathi I. [The effect of continuous and
interval exercise with Crocin on the expression of AP-1 and NF-kB
gene in the heart tissue of obese male Wistar rats)]. | Appl Exercise
Physiol. 2021;17(33):161-71. FA.
https://doi.org[10.22080/jaep.2021.21137.2027.

20.

21.

22.

23.

24.

Saed-Mocheshi S, Saghebjoo M, Vahabzadeh Z, Sheikholeslami Vatani
D. [The effect of eight weeks aerobic training and green tea extract
on some inflammatory factors in prostate tissue of healthy rats]. J
Sabzevar Univ Med Sci. 2020;27(3):394-401. FA.

Cortez M, Carmo LS, Rogero MM, Borelli P, Fock RA. A high-fat diet
increases IL-1, IL-6, and TNF-alpha production by increasing NF-
kappaB and attenuating PPAR-gamma expression in bone marrow
mesenchymal stem cells. Inflammation. 2013;36(2):379-86. [PubMed
ID: 23079940]. https://doi.org/10.1007/s10753-012-9557-z.

Suren Garg S, Kushwaha K, Dubey R, Gupta J. Association between
obesity, inflammation and insulin resistance: Insights into signaling
pathways and therapeutic interventions. Diabetes Res Clin Pract.
2023;200:110691. [PubMed ID: 37150407].
https://doi.org[10.1016j.diabres.2023.110691.

Padrao Al, Nogueira-Ferreira R, Vitorino R, Carvalho D, Correia C,
Neuparth M], et al. Exercise training protects against cancer-induced
cardiac remodeling in an animal model of urothelial carcinoma.
Arch Biochem Biophys. 2018;645:12-8. [PubMed ID: 29548774].
https://doi.org[10.1016/j.abb.2018.03.013.

Nikseresht H, Tadibi V, Behpour N. [Effects of two aerobic and
resistance training protocols on NF-kB levels and insulin resistance
index in women with type 2 diabetes]. Metabolism Exercise.
2019;9(2):91-104. FA. https://doi.org[10.22124/jme.2020.15970.186.

Firozi-Niyaki M, Barari AR, Abbassi-Daloii A. [The effect of endurance
training and taxol consumption on cyclooxygenase-2 and
prostaglandin E2 levels in the liver tissue of mice with cervical
cancer|. Feyz Med Sci J. 2018;22(5):517-24. FA.

Jentashapir ] Cell Mol Biol. 2024; 15(3): €149397.


http://www.ncbi.nlm.nih.gov/pubmed/24436266
https://doi.org/10.1309/AJCPV7U7PGHOWEQG
https://doi.org/10.5812/jjcdc.57180
http://www.ncbi.nlm.nih.gov/pubmed/11350112
https://doi.org/10.1053/euhj.2000.2285
http://www.ncbi.nlm.nih.gov/pubmed/29896118
https://www.ncbi.nlm.nih.gov/pmc/PMC5987703
https://doi.org/10.3389/fphys.2018.00636
http://www.ncbi.nlm.nih.gov/pubmed/28240006
https://www.ncbi.nlm.nih.gov/pmc/PMC5563116
https://doi.org/10.22034/APJCP.2017.18.1.31
https://doi.org/10.22080/jaep.2021.21137.2027
http://www.ncbi.nlm.nih.gov/pubmed/23079940
https://doi.org/10.1007/s10753-012-9557-z
http://www.ncbi.nlm.nih.gov/pubmed/37150407
https://doi.org/10.1016/j.diabres.2023.110691
http://www.ncbi.nlm.nih.gov/pubmed/29548774
https://doi.org/10.1016/j.abb.2018.03.013
https://doi.org/10.22124/jme.2020.15970.186

