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Abstract

Background and aims: Experimental autoimmune encephalomyelitis (EAE)
has been shown to be suitable for studying the effects of exercise on
multiple sclerosis pathophysiology. Considering the role of Bax and
BCL2 proteins in cell apoptosis, the aim of this study was to
investigate the effect of swimming training before EAE induction on
cell apoptosis in the thymus gland.

Methods: Totally, 30 mice were randomly divided into three groups
(training+EAE, control+EAE, and control). The training program
began (30 minutes/day, five days/week, and four weeks). To induce
EAE, subcutaneous injection of myelin oligodendrocyte glycoprotein
peptide was used for immunization and intraperitoneal injection of
pertussis toxin was performed. Bax and BCL2 proteins were
measured in thymus tissue.

Results: EAE induction caused a significant increase in expression of
Bax (p=0.001) and a significant decrease in expression of BCL2
(p=0.012) compared to the control group. The expression of Bax in
the training+EAE group had a significant decrease (p=0.0001)
compared to the control+EAE group and a significant increase
compared to the control group (p=0.003). The expression of BCL2 in
the training+tEAE had a significant increase compared to the
control+EAE group (p=0.001) and a significant decrease compared to
the control group (p=0.01). The Bax/BCL2 in the control+EAE group
increased significantly compared to the control group, and this ratio
decreased significantly in the training+EAE group compared to the
control+EAE group (p=0.002).

Conclusion: A swimming training before EAE reduces the severity of the
disease and has modulating effects on apoptosis and inflammation.
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Multiple Sclerosis
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4. Caspase
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6. Bcl-2-like protein 11

7. BCL2 associated agonist of cell death

8. Extracellular signal-regulated protein kinase 1/2
9. Extra-long isoform of Bim
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11. p38 mitogen-activated protein kinases
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2. Effector phase

3. CD95, tumor necrosis factor receptor superfamily member 6
4. Poly (ADP-ribose) polymerase
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1. EI-Emam MA

2. Rotarod test

3. Tae-WoonKim

4. Terminal deoxynucleotidyl transferase dUTP nick end labeling
5. Glial fibrillary acidic protein

6. Angiopoietin 1

7. Tight-junction (TJ) proteins of claudin-5 and occludin



Ql)ls.o.b 9 )y4>|,.'>

U¥3e gugesi 03 BCL2 9 Bax L oy poi p5U

QOB Ny g o

sl imgiy alad b b g edg mates LiRgl L3S

Syl OT 2 e Alae € g Jwyd Culghne

S @be

285 Gygo Sty bwg (il Jo glio (el

References

1.

Dobson R, Giovannoni G. Multiple sclerosis—a review.
European journal of neurology. 2019;26(1):27-40.
doi:10.1111/ene.13819

McGuinness SD, Peters S. The diagnosis of multiple
sclerosis: peplau's interpersonal relations model in
practice. Rehabilitation nursing. 1999;24(1):30-33.
doi:10.1002/j.2048-7940.1999.tb01828.x

Yan F, Mo X, Liu J, Ye S, Zeng X, Chen D. Thymic
function in the regulation of T cells, and molecular
mechanisms underlying the modulation of cytokines and
stress  signaling.  Molecular  medicine  reports.
2017;16(5):7175-7184. doi:10.3892/mmr.2017.7525
Hug A, Korporal M, Schroder I, Haas J, Glatz K,
Storch-Hagenlocher B, et al. Thymic export function
and T cell homeostasis in patients with relapsing
remitting multiple sclerosis. The journal of immunology.
2003;171(1):432-437. doi:10.4049/jimmunol.171.1.432
Solti I, Kvell K, Talaber G, Veto S, Acs P, Gallyas Jr F,
et al. Thymic atrophy and apoptosis of CD4+ CD8+
thymocytes in the cuprizone model of multiple sclerosis.
PLoS One. 2015;10(6):0129217.
doi:10.1371/journal.pone.0129217

Haegert DG, Hackenbroch JD, Duszczyszyn D, Fitz-
Gerald L, Zastepa E, Mason H, et al. Reduced thymic
output and peripheral naive CD4 T-cell alterations in
primary progressive multiple sclerosis (PPMS). Journal
of neuroimmunology. 2011;233(1-2):233-239.
d0i:10.1016/j.jneuroim.2010.12.007

Zhang N, Hartig H, Dzhagalov |, Draper D, He YW.
The role of apoptosis in the development and function of
T lymphocytes. Cell research. 2005;15(10):749-769.
doi:10.1038/sj.cr.7290345

O'Neill KL, Huang K, Zhang J, Chen Y, Luo X.
Inactivation of prosurvival Bcl-2 proteins activates
Bax/Bak through the outer mitochondrial membrane.
Genes & development. 2016;30(8):973-988.
doi:10.1101/gad.276725.115.

D92 A2lgS dedgus 8y 00 @8 Slow ) 5l &S 3l (ol

‘55'0)..\5 9 l&.‘.’ﬁ

IR.UT.SPORT.REC.1397.028 15 L adlas !

Sy pode olRily (S eaSiily s aneS Wb

35> asbiglil §) as S allie ) sl o) oyt

sl S Ml iy ud o))y oIS (3559 (59000548
S g 10,08 JLoS oKty _imgh Coglao 5l B gl

Wyl 1y

&b W

doolliws by g ol 8l calllas oyl (Baiuss 5l plaS zun

10.

11.

12.

13.

14.

16.

Brunelle JK, Letai A. Control of mitochondrial
apoptosis by the Bcl-2 family. Journal of cell science.
2009;122(4):437-441. doi:10.1242/jcs.031682

Hawkins CJ, Vaux DL. The role of the Bcl-2 family of
apoptosis regulatory proteins in the immune system.
Paper presented at: Seminars in immunology1997.
Hosseini H, Fallah Mohammadi Z. The effect of one
course of swimming exercise before induction of
Multiple Sclerosis (MS) on nerve growth factor levels in
rat’s Brain. Scientific Journal of Kurdistan University of
Medical Sciences 2018;25(2):27-36. [Persian]

Golzari Z, Shabkhiz F, Soudi S, Kordi MR, Hashemi
SM. Combined exercise training reduces IFN-y and IL-
17 levels in the plasma and the supernatant of peripheral
blood mononuclear cells in women with multiple
sclerosis. International immunopharmacology.
2010;10(11):1415-1419.
d0i:10.1016/j.intimp.2010.08.008

Jin J-J, Ko I-G, Kim S-E, Shin M-S, Kim S-H, Jee Y-S.
Swimming exercise ameliorates multiple sclerosis-
induced impairment of short-term memory by
suppressing apoptosis in the hippocampus of rats.
Journal of exercise rehabilitation. 2014;10(2):69-74.
doi:10.12965/jer.140103

Shahidi SH, Kordi MR, Rajabi H, Malm C, Shah F,
Saffar Kohneh Quchan A. Exercise modulates the levels
of growth inhibitor genes before and after multiple
sclerosis. Journal of neuroimmunology. 2020;341:1-8.
doi:10.1016/j.jneuroim.2020.577172

Saffar Kohneh Quchan A, Kordi MR, Namdari H,
Shabkhiz F. Voluntary wheel running stimulates the
expression of Nrf-2 and interleukin-10 but suppresses
interleukin-17 in experimental autoimmune
encephalomyelitis. Neuroscience letters. 2020;738:1-10.
d0i:10.1016/j.neulet.2020.135382

Xing Y, Hogquist KA. Isolation, identification, and
purification of murine thymic epithelial cells. Journal of
visualized experiments. 2014(90):e51780.
doi:10.3791/51780

\RJ



(AY Jodaao 1 F = P les gl 2 )loids cpmiy 9 Cannny Jlw)

L5 Oloys 9 dlael cudlags o)l / Lol (Sidg 3y (sole dolikiad

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

Yy

Guo F, Jin WL, Li LY, Song WY, Wang HW, Gou XC,
et al. M9, a novel region of amino-Nogo-A, attenuates
cerebral ischemic injury by inhibiting NADPH oxidase-
derived superoxide production in mice. CNS
neuroscience & therapeutics. 2013;19(5):319-328.
doi:10.1111/cns.12083

Wu Q, Zhang H, Nie H, Zeng Z. Anti-Nogo-A antibody
promotes brain function recovery after cardiopulmonary
resuscitation in rats by reducing apoptosis. Molecular
medicine reports. 2020;21(1):77-88.
doi:10.3892/mmr.2019.10825

Caoa Q, Zheng Q. Regulation of Nogo-66 on apoptosis
and its molecular mechanism. International journal of
science. 2017;4(5):1-8.

Alotaibi MR, Hassan ZK, Al-Rejaie SS, Alshammari
MA, Almutairi MM, Alhoshani AR, et al
Characterization of apoptosis in a breast cancer cell line
after IL-10 silencing. Asian pacific journal of cancer
prevention. 2018;19(3):777-783.
doi:0.22034/APJCP.2018.19.3.777

Paintlia. MK, Paintlia AS, Singh AK, Singh I.
Synergistic activity of interleukin-17 and tumor necrosis
factor-a enhances oxidative stress-mediated
oligodendrocyte apoptosis. Journal of neurochemistry.
2011;116(4):508-521. doi:10.1111/j.1471-
4159.2010.07136.x

Farahmand F, Nourshahi M, Soleimani M, Rajabi H,
Power K. The effect of high intensity interval training
preconditioning on klotho and TNF-a female mice with
multiple sclerosis. Journal of applied exercise
physiology.  2019;15(30):15-29.  [Persian]  doi:
10.22080/jaep.2020.17766.1921

Hu J, Su B, Li X, Li Y, Zhao J. Klotho overexpression
suppresses apoptosis by regulating the Hsp70/Akt/Bad
pathway in H9c2 (2-1) cells. Experimental and
therapeutic medicine. 2021;21(5):1-8.
doi:10.3892/etm.2021.9917

Yaghoubi M, Kordi M, Gaeini A. The effect of forced
and voluntary exercise before induction of experimental
autoimmune encephalomyelitis on the integrity of the
blood-brain barrier and gene expression of some of tight
junction proteins. Journal of applied exercise
physiology. 2020;16(32):87-101. [Persian]
doi:10.22080/jaep.2020.19365.1961

Beeman N, Webb P, Baumgartner H. Occludin is
required for apoptosis when claudin—claudin interactions
are disrupted. Cell death & disease. 2012;3(2):e273-
€273. doi:10.1038/cddis.2012.14

Souza PS, Gongalves ED, Pedroso GS, Farias HR,
Junqueira SC, Marcon R, et al. Physical exercise
attenuates experimental autoimmune encephalomyelitis
by inhibiting peripheral immune response and blood-
brain barrier disruption. Molecular neurobiology.
2017;54:4723-4737. doi:10.1007/s12035-016-0014-0
Hoffman-Goetz L, Zajchowski S, Aldred A. Impact of
treadmill exercise on early apoptotic cells in mouse
thymus and spleen. Life sciences. 1998;64(3):191-200.
doi:10.1016/S0024-3205(98)00551-7

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Kuhlmann T, Glas M, zum Bruch C, Mueller W, Weber
A, Zipp F, et al. Investigation of bax, bcl-2, bcl-x and
p53 gene polymorphisms in multiple sclerosis. Journal
of neuroimmunology. 2002;129(1-2):154-160.
doi:10.1016/S0165-5728(02)00167-4

Newton K, Strasser A. The Bcl-2 family and cell death
regulation. Current opinion in genetics & development.
1998;8(1):68-75. doi:10.1016/S0959-437X(98)80064-6
Zhang L, Sheng R, Qin Z. The lysosome and
neurodegenerative  diseases. Acta biochimica et
biophysica Sinica. 2009;41(6):437-445.
doi:10.1093/abbs/gmp031

Ryan JA, Brunelle JK, Letai A. Heightened
mitochondrial priming is the basis for apoptotic
hypersensitivity of CD4/CD8 thymocytes. Proceedings
of the  National Academy  of  Sciences.
2010;107(29):12895-12900.
doi:doi:10.1073/pnas.0914878107

Ley R, Balmanno K, Hadfield K, Weston C, Cook SJ.
Activation of the ERK1/2 signaling pathway promotes
phosphorylation and proteasome-dependent degradation
of the BH3-only protein, Bim. Journal of biological
chemistry. 2003;278(21):18811-18816.
d0i:10.1074/jbc.M301010200

Park HJ, Park KH, Shin KS, Lee MK. The roles of
cyclic AMP-ERK-Bad signaling pathways on 6-
hydroxydopamine-induced cell survival and death in
PC12 cells. Toxicology in vitro. 2013;27(8):2233-2241.
doi:10.1016/j.tiv.2013.09.014

Miloso M, Scuteri A, Foudah D, Tredici G. MAPKS as
mediators of cell fate determination: an approach to
neurodegenerative  diseases.  Current  medicinal
chemistry. 2008;15(6):538-548.
doi:10.2174/092986708783769731

El-Emam MA, El Achy S, Abdallah DM, EI-Abhar HS,
Gowayed MA. Neuroprotective role of galantamine
with/without  physical exercise in experimental
autoimmune encephalomyelitis in rats. Life Sciences.
2021;277:119459. doi:10.1016/j.1fs.2021.119459

Kim T-W, Sung Y-H. Regular exercise promotes
memory  function and enhances hippocampal
neuroplasticity in experimental autoimmune
encephalomyelitis mice. Neuroscience. 2017;346:173-
181. doi:j.neuroscience.2017.01.016

Razi O, Parnow A, Rashidi I, Pakravan N, Nedaei SE,
Motl RW. Aerobic training improves blood-brain barrier
and neuronal apoptosis in experimental autoimmune
encephalomyelitis. Iranian journal of basic medical
sciences. 2022;25(2):245-253.
doi:10.22038/1JBMS.2022.61671.13645

Pryor WM. Effects of exercise on neuroprotection in
experimental autoimmune encephalomyelitis. [PhD
thesis], University of Georgia; 2012.

Siu PM, Bryner RW, Martyn JK, Alway SE. Apoptotic
adaptations from exercise training in skeletal and cardiac
muscles. The FASEB journal. 2004;18(10):1150-1152.
doi:10.1096/fj.03-1291fje



