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Introduction: Doxorubicin (DOX) is an effective chemotherapy treatment for
various cancers, but its use has been restricted due to cardiotoxicity effects. Studies
about the protective effect of High-Intensity Interval Training (HIIT) against DOX-
induced cardiotoxicity and its mechanisms are rare. This study aimed to investigate
the protective effect of HIIT against the DOX-induced cardiotoxicity on the level of
miR-499 expression which is widely expressed under the physiological conditions
in the cardiomyocytes.

Methods: Twenty-four male Wistar rats were randomly assigned into four groups
(n=6/group) including DOX (20 mg/kg body weight), HIIT (eight weeks, and seven
4-minutes sets of intervals at 80%-90% of VO2max interspersed with 3 minutes
periods at 65%-75% of VO2max), HIIT+DOX and Control groups. The
MRNA expression level was determined using the RT-PCR method. One-way
analysis of variance followed by Tukey's post hoc test was used for statistical
analysis of data (0<0.05).

Results: The results showed that DOX-induction significantly increased the MIR-
499 expression in the left ventricular tissue of the rats’ heart (P<0.05). Also, the
expression level of MIR-499 was increased after exercise, but this difference was
not statistically significant. Exercise before the DOX-induction also led to a
significant reduction of MIR-499 expression in the HIIT+ DOX group compared
with the DOX group (P<0.05).

Conclusion: Therefore, performing HIIT before DOX induction can reduce the
changes in MIR-499 expression caused by DOX. Therefore, HIIT could be a proper
strategy for protecting the heart against DOX-induced cardiotoxicity by reducing

MIR-499 expression.
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Extended Abstract

Introduction

Doxorubicin (DOX) is an effective chemotherapy treatment for
various cancers, but its use has been restricted due to
cardiotoxicity effects. In recent years, extensive attention has
been paid to the role of physical training, especially common
endurance training, as a suitable non-pharmacological strategy
for reducing the cardiotoxicity caused by DOX. Despite the
greater cardiovascular adaptations of High-Intensity Interval
Training (HIIT) compared with conventional endurance
training, Studies on the protective effect of HIIT against DOX-
induced cardiotoxicity and its molecular mechanisms are rare.
This study aimed to investigate the protective effect of HIIT
against the DOX-induced cardiotoxicity on the expression level
of MIR-499 which is widely expressed under the physiological
conditions in the cardiomyocytes.

Methods

One week after buying twenty-four male Wistar rats, all
animals were initially familiarized with the rodent’s treadmill
(15 minutes, 10 m/min, three sessions/week). Then, the rats
were randomly divided into 4 groups (n=6/groups) including:
DOX (20 mg/kg of body weight, intraperitoneally), HIT, HIIT
+ DOX and Control groups. The mRNA levels were determined
using the RT-PCR method. HIIT training was performed for 60
minutes during 8 weeks, which included three stages: 1) 10
minutes of warm-up with the intensity of 50-55% of VO2max;
2) seven sets of 4-minute HIIT with the intensity of 80-90% of
VO2max interspersed with 3 minutes periods with the intensity
of 65%—75% of VO2max; 3) one minutes of recovery with the
intensity of 50-55% of VO2max. Also, 72 hours after DOX
injection, the animals were anesthetized and then killed, and
left ventricle tissue samples were quickly taken. The mRNA
levels were determined using the RT-PCR method. Statistical
analysis of data was done using the one-way analysis of
variance followed by Tukey's post hoc test for multiple
comparisons (0<0.05).

Results

The results showed that DOX treatment significantly increased
the MIR-499 expression in the left ventricular tissue of rats’
hearts (P<0.05). Also, the expression of MIR-499 was
increased after training, but this difference was not statistically
significant. Training before the DOX-induction also
significantly reduced the expression of MIR-499 in the HIIT+
DOX group compared with the DOX group (P<0.05).
Therefore, HIIT could be a proper strategy for protecting the
heart against DOX-induced cardiotoxicity by reducing MIR-
499 expression.

Conclusion

The results of this study showed that the expression level of
MIR-499 in cardiac cells increased after DOX treatment.
Therefore, probably MIR-499 can be a suitable clinical marker
in the early diagnosis of DOX-induced heart damage.
Nevertheless, HIIT before DOX injection can prevent the
pathological increase of MIR-499 expression in the heart and
thereby could reduce cardiotoxicity. Therefore, HIIT can be a
suitable preventive strategy for protecting the heart against
DOX-induced cardiotoxicity by reducing the expression of
MIR-499.
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!, Acute myocardial infarction

2. Coronary artery bypass graft (CABG)
3. Cardiac troponin | (cTnl)

* . Pluripotent stem cells
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. AMP-activated protein kinase (AMPK)

2. Ischemia reperfusion (IR)

3. Plasma lactate dehydrogenase (LDH), Creatine kinase (CK)

*. Superoxide dismutase

>, Catalase (CAT)

¢ Nuclear factor-erythroid 2-related factor (Nrf2)

7. Anti-oxidative gene sirtuin 3 (SIRT3)

8 . Phosphatidylinositol-3 kinase (P13-K)-protein kinase B (Akt) signaling



1Fe) 090 & 5los o ylg 6590 ¢ iumnt § (0549 pode \F¥

Sl s silipnS] L 4ol dn g b (YA V) W e LialS ATP g s bedliws 5l ol 5 )8l ROS

o a0 03l LS psiman (VF) 39 e (Lwyisl 1 o3 L3S Ty 5l iy lsisas) B cla sk 3 MIR-499 s
Jstans cB gy 9 AMPK JUiSis youmo Vo] ol iy () +) ol PGC-1at g AMPK it 51535 polas MIR-499

S0P 3l om MIR-499 1Ly e SialS 0wl o9l Olojed JoSlge (lapuuillo I ()08 g0 Fiom 9 (b
ol Jln (owyp Jiejls 45T ADL Wlgi o pol> BaEXT 1D CpmaangyguS 9

S AR

(o Nl ORIP Greg)geSsd b ooy CBlie (ol sl > MIR-499 (lo (5 O (Lt Jiaghy (nl @b
Sy yed el 9929 bbbl (ppmang 98 9> 3l (5 (lB ol plRR5 el )3 (opmlie (3l L Ll o MIR-499
5 dlsginds 9 1S 5ol B > MIR-A99 by SGjglily il 5l Sl oo CommnigygenS'sd 2055 5l g 2B (295
b B Corans il 53 B clablone 15 olio B,y 5 penly Wl oo 0 a0l Sl ped il iy ISy B oo

23l g yoneS 5> (£l ;]

S g PO

cala) 9 u[o.b-) U""b 4 ulfM?J ol ul).Q‘) oK)y U‘“’)] Lﬁll‘“nu"’ Oy D d):s.) :\JL») )l u.uou J.ol> O"m L)"'
)])—’l l) L?’b)')‘—e 9 i u_)l{) ORR9— d" dL‘”u“ s fb‘-" 2 ReS SR> s «_':‘i"")J |‘°9’Lc o5l Py u')&‘*-"‘
...\3)‘.)@

References

1. Dolinsky VW, Rogan KJ, Sung MM, Zordoky BN, Haykowsky MJ, Young ME, et al. Both aerobic
exercise and resveratrol supplementation attenuate doxorubicin-induced cardiac injury in mice.
American Journal of Physiology-Endocrinology and Metabolism. 2013;305(2):E243-E53.

2. Bartlett JJ, Trivedi PC, Yeung P, Kienesberger PC, Pulinilkunnil T. Doxorubicin impairs
cardiomyocyte viability by suppressing transcription factor EB expression and disrupting autophagy.
Biochemical Journal. 2016;473(21):3769-89.

3. Chen JJ, Wu P-T, Middlekauff HR, Nguyen K-L. Aerobic exercise in anthracycline-induced
cardiotoxicity: a systematic review of current evidence and future directions. American Journal of
Physiology-Heart and Circulatory Physiology. 2017;312(2):H213-H22.

4. Koleini N, Kardami E. Autophagy and mitophagy in the context of doxorubicin-induced
cardiotoxicity. Oncotarget. 2017;8(28):46663.

5. MacFarlane L-A, R Murphy P. MicroRNA: biogenesis, function and role in cancer. Current
genomics. 2010;11(7):537-61.

6. Condorelli G, Latronico MV, Cavarretta E. microRNAs in cardiovascular diseases: current
knowledge and the road ahead. Journal of the American College of Cardiology. 2014,63(21):2177-
87.

7. Magenta A, Rossini A, Fasanaro P, Pompilio G, Capogrossi MC. MicroRNAs in Cardiac
Regeneration. MicroRNA in Regenerative Medicine: Elsevier; 2015. p. 917-42.


https://journals.physiology.org/doi/epdf/10.1152/ajpendo.00044.2013
https://journals.physiology.org/doi/epdf/10.1152/ajpendo.00044.2013
https://journals.physiology.org/doi/epdf/10.1152/ajpendo.00044.2013
https://portlandpress.com/biochemj/article-abstract/473/21/3769/49664/Doxorubicin-impairs-cardiomyocyte-viability-by
https://portlandpress.com/biochemj/article-abstract/473/21/3769/49664/Doxorubicin-impairs-cardiomyocyte-viability-by
https://portlandpress.com/biochemj/article-abstract/473/21/3769/49664/Doxorubicin-impairs-cardiomyocyte-viability-by
https://journals.physiology.org/doi/epdf/10.1152/ajpheart.00646.2016
https://journals.physiology.org/doi/epdf/10.1152/ajpheart.00646.2016
https://journals.physiology.org/doi/epdf/10.1152/ajpheart.00646.2016
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5542301/pdf/oncotarget-08-46663.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5542301/pdf/oncotarget-08-46663.pdf
https://www.ingentaconnect.com/content/ben/cg/2010/00000011/00000007/art00006
https://www.ingentaconnect.com/content/ben/cg/2010/00000011/00000007/art00006
https://www.jacc.org/doi/epdf/10.1016/j.jacc.2014.01.050
https://www.jacc.org/doi/epdf/10.1016/j.jacc.2014.01.050
https://www.jacc.org/doi/epdf/10.1016/j.jacc.2014.01.050
https://www.sciencedirect.com/book/9780124055445/microrna-in-regenerative-medicine
https://www.sciencedirect.com/book/9780124055445/microrna-in-regenerative-medicine

\FO o Alaaoly 4 g 90590 ) (U (ol oo o byl 13l (3 o AliSlo 3T

8. Holmgren G, Synnergren J, Andersson CX, Lindahl A, Sartipy P. MicroRNAs as potential
biomarkers for doxorubicin-induced cardiotoxicity. Toxicology in Vitro. 2016;34:26-34.

9. Schroen B, Heymans S. MicroRNAs and beyond: the heart reveals its treasures. Hypertension.
2009;54(6):1189-94.

10.Liu J, Liang X, Zhou D, Lai L, Xiao L, Liu L, et al. Coupling of mitochondrial function and skeletal
muscle fiber type by a miR- 499/Fnipl/AMPK circuit. EMBO molecular medicine.
2016;8(10):1212-28.

11.Wang J-X, Jiao J-Q, Li Q, Long B, Wang K, Liu J-P, et al. miR-499 regulates mitochondrial
dynamics by targeting calcineurin and dynamin-related protein-1. Nature medicine. 2011;17(1):71.

12.Olivieri F, Antonicelli R, Spazzafumo L, Santini G, Rippo MR, Galeazzi R, et al. Admission levels
of circulating miR-499-5p and risk of death in elderly patients after acute non-ST elevation
myocardial infarction. International journal of cardiology. 2014;172(2):e276-€8.

13.Matkovich SJ, Hu Y, Eschenbacher WH, Dorn LE, Dorn GW. Direct and Indirect Involvement of
MicroRNA-499 in Clinical and Experimental CardiomyopathyNovelty and Significance. Circulation
research. 2012;111(5):521-31.

14.Wang J, Jia Z, Zhang C, Sun M, Wang W, Chen P, et al. miR-499 protects cardiomyocytes from
H202-induced apoptosis via its effects on Pdcd4 and Pacs2. RNA biology. 2014;11(4):339-50.

15.Leger KJ, Leonard D, Nielson D, de Lemos JA, Mammen PP, Winick NJ. Circulating microRNAs:
potential markers of cardiotoxicity in children and young adults treated with anthracycline
chemotherapy. Journal of the American Heart Association. 2017;6(4):e004653.

16.Kavazis AN, Smuder AJ, Powers SK. Effects of short-term endurance exercise training on acute
doxorubicin-induced FoxO transcription in cardiac and skeletal muscle. Journal of applied
physiology. 2014;117(3):223-30.

17.Fathi M, Abroun S. The effect of 14 weeks of endurance training on miR-499 expression of left
ventricle in wistar male rat. Journal of Sport Biosciences. 2016;7(28):59-72. (In Persian).

18.Villelabeitia-Jaureguizar K, Vicente-Campos D, Senen AB, Jiménez VH, Garrido-Lestache MEB,
Chicharro JL. Effects of high-intensity interval versus continuous exercise training on post-exercise
heart rate recovery in coronary heart-disease patients. International journal of cardiology.
2017;244:17-23.

19.Jarrett CL, D’Lugos AC, Mahmood TN, Gonzales RJ, Hale TM, Carroll CC, et al. Effect of high
intensity exercise preconditioning and training on antioxidant enzymes in cardiomyocytes during
doxorubicin treatment. The FASEB Journal. 2016;30(1 Supplement):Ib601-Ib.

20.Hgydal MA, Wislgff U, Kemi OJ, Ellingsen @. Running speed and maximal oxygen uptake in rats
and mice: practical implications for exercise training. European Journal of Cardiovascular Prevention
& Rehabilitation. 2007;14(6):753-60.

21.Asadi M, Shanehbandi D, Mohammadpour H, Hashemzadeh S, Sepehri B. Expression Level of miR-
34a in Tumor Tissue from Patients with Esophageal Squamous Cell Carcinoma. Journal of
gastrointestinal cancer. 2018:1-4.

22.Pfaffl MW. A new mathematical model for relative quantification in real-time RT-PCR. Nucleic
acids research. 2001;29(9):e45-¢.

23.Velu K, Ramesh R, Medha R, Sweta K, Hanifa M. Role of serum MicroRNA-499 as a diagnostic
marker in acute myocardial infarction (AMI). Cor et Vasa. 2018.

24.D'alessandra Y, Devanna P, Limana F, Straino S, Di Carlo A, Brambilla PG, et al. Circulating
microRNAs are new and sensitive biomarkers of myocardial infarction. European heart journal.
2010;31(22):2765-73.

25.Yang Y, Zhang H, Li X, Yang T, Jiang Q. Effects of PPARo/PGC-1a on the myocardial energy
metabolism during heart failure in the doxorubicin induced dilated cardiomyopathy in mice.
International journal of clinical and experimental medicine. 2014;7(9):2435.


https://www.sciencedirect.com/science/article/abs/pii/S0887233316300479
https://www.sciencedirect.com/science/article/abs/pii/S0887233316300479
moz-extension://be47020a-178d-4428-b231-0328df2f9936/enhanced-reader.html?openApp&pdf=https%3A%2F%2Fwww.ahajournals.org%2Fdoi%2Fpdf%2F10.1161%2FHYPERTENSIONAHA.109.133942%3Fdownload%3Dtrue
moz-extension://be47020a-178d-4428-b231-0328df2f9936/enhanced-reader.html?openApp&pdf=https%3A%2F%2Fwww.ahajournals.org%2Fdoi%2Fpdf%2F10.1161%2FHYPERTENSIONAHA.109.133942%3Fdownload%3Dtrue
https://www.embopress.org/doi/epdf/10.15252/emmm.201606372
https://www.embopress.org/doi/epdf/10.15252/emmm.201606372
https://www.embopress.org/doi/epdf/10.15252/emmm.201606372
https://www.nature.com/articles/nm.2282
https://www.nature.com/articles/nm.2282
https://d1wqtxts1xzle7.cloudfront.net/55564097/j.ijcard.2013.12.20320180117-14419-b93t2m-libre.pdf?1516203731=&response-content-disposition=inline%3B+filename%3DAdmission_levels_of_circulating_miR_499.pdf&Expires=1664447297&Signature=TIozri-SrTQVXf8fmjikq~cGcIJnRIhICW43WRmDx4ofT-vQvc~503ulR53DjBi4JVumqgZHtYGiLGIewj8e3JJEQeKGSrhAPySHqaImd9WXaRNt4KDe2KKZpnjDLno-Ov4N5lr3gUkg8-oBOd~klJw6o3L6Pr~9laxgvskU5pjYjxLUe1WRXPGUXvSV5-7BxxOgYu0CHKj1PFgUMCvn70e6VF2i4C5E8RxlIjYT5Qrqb6B3qzPCqYsaF---mdwIIwxjg0KJV5C0QI6Xc3~fYkJjGRoY7evE0D6EMivB69Mpcu~-a042NAVmCVRaGPfEFX6AzLfoycpc1imNNkOE2g__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://d1wqtxts1xzle7.cloudfront.net/55564097/j.ijcard.2013.12.20320180117-14419-b93t2m-libre.pdf?1516203731=&response-content-disposition=inline%3B+filename%3DAdmission_levels_of_circulating_miR_499.pdf&Expires=1664447297&Signature=TIozri-SrTQVXf8fmjikq~cGcIJnRIhICW43WRmDx4ofT-vQvc~503ulR53DjBi4JVumqgZHtYGiLGIewj8e3JJEQeKGSrhAPySHqaImd9WXaRNt4KDe2KKZpnjDLno-Ov4N5lr3gUkg8-oBOd~klJw6o3L6Pr~9laxgvskU5pjYjxLUe1WRXPGUXvSV5-7BxxOgYu0CHKj1PFgUMCvn70e6VF2i4C5E8RxlIjYT5Qrqb6B3qzPCqYsaF---mdwIIwxjg0KJV5C0QI6Xc3~fYkJjGRoY7evE0D6EMivB69Mpcu~-a042NAVmCVRaGPfEFX6AzLfoycpc1imNNkOE2g__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://d1wqtxts1xzle7.cloudfront.net/55564097/j.ijcard.2013.12.20320180117-14419-b93t2m-libre.pdf?1516203731=&response-content-disposition=inline%3B+filename%3DAdmission_levels_of_circulating_miR_499.pdf&Expires=1664447297&Signature=TIozri-SrTQVXf8fmjikq~cGcIJnRIhICW43WRmDx4ofT-vQvc~503ulR53DjBi4JVumqgZHtYGiLGIewj8e3JJEQeKGSrhAPySHqaImd9WXaRNt4KDe2KKZpnjDLno-Ov4N5lr3gUkg8-oBOd~klJw6o3L6Pr~9laxgvskU5pjYjxLUe1WRXPGUXvSV5-7BxxOgYu0CHKj1PFgUMCvn70e6VF2i4C5E8RxlIjYT5Qrqb6B3qzPCqYsaF---mdwIIwxjg0KJV5C0QI6Xc3~fYkJjGRoY7evE0D6EMivB69Mpcu~-a042NAVmCVRaGPfEFX6AzLfoycpc1imNNkOE2g__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://www.ahajournals.org/doi/epub/10.1161/CIRCRESAHA.112.265736
https://www.ahajournals.org/doi/epub/10.1161/CIRCRESAHA.112.265736
https://www.ahajournals.org/doi/epub/10.1161/CIRCRESAHA.112.265736
https://www.tandfonline.com/doi/pdf/10.4161/rna.28300
https://www.tandfonline.com/doi/pdf/10.4161/rna.28300
https://www.ahajournals.org/doi/epub/10.1161/JAHA.116.004653
https://www.ahajournals.org/doi/epub/10.1161/JAHA.116.004653
https://www.ahajournals.org/doi/epub/10.1161/JAHA.116.004653
https://journals.physiology.org/doi/epdf/10.1152/japplphysiol.00210.2014
https://journals.physiology.org/doi/epdf/10.1152/japplphysiol.00210.2014
https://journals.physiology.org/doi/epdf/10.1152/japplphysiol.00210.2014
https://spj.ssrc.ac.ir/article_587_9cba33087d85d6742b56fa8da8b446df.pdf?lang=en
https://spj.ssrc.ac.ir/article_587_9cba33087d85d6742b56fa8da8b446df.pdf?lang=en
https://www.sciencedirect.com/science/article/abs/pii/S016752731732346X
https://www.sciencedirect.com/science/article/abs/pii/S016752731732346X
https://www.sciencedirect.com/science/article/abs/pii/S016752731732346X
https://www.sciencedirect.com/science/article/abs/pii/S016752731732346X
https://faseb.onlinelibrary.wiley.com/doi/abs/10.1096/fasebj.30.1_supplement.lb601
https://faseb.onlinelibrary.wiley.com/doi/abs/10.1096/fasebj.30.1_supplement.lb601
https://faseb.onlinelibrary.wiley.com/doi/abs/10.1096/fasebj.30.1_supplement.lb601
https://academic.oup.com/eurjpc/article/14/6/753/5933658
https://academic.oup.com/eurjpc/article/14/6/753/5933658
https://academic.oup.com/eurjpc/article/14/6/753/5933658
https://link.springer.com/article/10.1007/s12029-018-0060-0
https://link.springer.com/article/10.1007/s12029-018-0060-0
https://link.springer.com/article/10.1007/s12029-018-0060-0
https://watermark.silverchair.com/2900e45.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAukwggLlBgkqhkiG9w0BBwagggLWMIIC0gIBADCCAssGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMMtf1ZlTEq83elxPeAgEQgIICnHADZlvrauxz-HqBS4W8sZ_6gZsyh1l_ZjhCAu4W6hOvxI2Q9nI8hoAsy5te-UkHIRXtHLu9iYaHKE8iWHP2H8VcZcmEx7vRsga4YlR9_ZZrtE9jNyKqyB1YBJt3BceriokdtWOu_AVrJisQAgC7R5SOw4n2Zmw3qpiM1IM09u3w8O5veDJa_k6d0tTCCvTR185Rl8HrrCirsgrjssBhVoebZcwF2bd059GWQezL7UGunbNY6lTvAOi_GSBMov8lu1X2AhI4TjpLi45l3hD_PUY4Ce32THvdw1Z_EnfZ2xqRcnPvUEELR6TLkyYq5gnff-WzWzZTXwgFgkfbLlWwPjZZg7h5kPB2NNkxs_g4jkp2HTDuRc8vqDYTODYWNzo44dBUc3HX8wxCBfcE6LkCZjf5rS8eaVTvpBFxkQ-Wv0Qslm5FGiVNJqWebxU9GT4TuuTKkORkyXmSM4slfbvBxg55pundWyEZPRNohSq4SqLzPZPqyhVorSIh_K4qvBbqbVpCzQSi8xdOXGLjZZ0tT6MpmjPzGTAculmfxGa_BggUycFTslYG60-vKDsOZj2vQUn-KeGllu0xop-3k_rEPiwyBrH3eZq_fyyykX3V-QSV3K4B5isUyLhWJPk_ApEXCkAoPuSDSBFLC1bu_IofxByUfD8965JX9GEsonkZRmZIYeOpO59unsV_Bzu1-VvSxLiMJXEbbZ0vztJ10mAXVVd_p5DHSZTUWXF4_zlr_U4evWZR7kFGZSZ1AAjeTkmXvmDKwVjq1YDqRtybCaiOxO4pli0-mHpqefARD2IbhqoZwFhQj1x1bjtxi9ezSCSSnUpM2w-2oagPdMZrPCXlT2xgEBe4J1ruyFoLDz1DTPW45YH9TZB5j-QXBtUg
https://watermark.silverchair.com/2900e45.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAukwggLlBgkqhkiG9w0BBwagggLWMIIC0gIBADCCAssGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMMtf1ZlTEq83elxPeAgEQgIICnHADZlvrauxz-HqBS4W8sZ_6gZsyh1l_ZjhCAu4W6hOvxI2Q9nI8hoAsy5te-UkHIRXtHLu9iYaHKE8iWHP2H8VcZcmEx7vRsga4YlR9_ZZrtE9jNyKqyB1YBJt3BceriokdtWOu_AVrJisQAgC7R5SOw4n2Zmw3qpiM1IM09u3w8O5veDJa_k6d0tTCCvTR185Rl8HrrCirsgrjssBhVoebZcwF2bd059GWQezL7UGunbNY6lTvAOi_GSBMov8lu1X2AhI4TjpLi45l3hD_PUY4Ce32THvdw1Z_EnfZ2xqRcnPvUEELR6TLkyYq5gnff-WzWzZTXwgFgkfbLlWwPjZZg7h5kPB2NNkxs_g4jkp2HTDuRc8vqDYTODYWNzo44dBUc3HX8wxCBfcE6LkCZjf5rS8eaVTvpBFxkQ-Wv0Qslm5FGiVNJqWebxU9GT4TuuTKkORkyXmSM4slfbvBxg55pundWyEZPRNohSq4SqLzPZPqyhVorSIh_K4qvBbqbVpCzQSi8xdOXGLjZZ0tT6MpmjPzGTAculmfxGa_BggUycFTslYG60-vKDsOZj2vQUn-KeGllu0xop-3k_rEPiwyBrH3eZq_fyyykX3V-QSV3K4B5isUyLhWJPk_ApEXCkAoPuSDSBFLC1bu_IofxByUfD8965JX9GEsonkZRmZIYeOpO59unsV_Bzu1-VvSxLiMJXEbbZ0vztJ10mAXVVd_p5DHSZTUWXF4_zlr_U4evWZR7kFGZSZ1AAjeTkmXvmDKwVjq1YDqRtybCaiOxO4pli0-mHpqefARD2IbhqoZwFhQj1x1bjtxi9ezSCSSnUpM2w-2oagPdMZrPCXlT2xgEBe4J1ruyFoLDz1DTPW45YH9TZB5j-QXBtUg
https://www.sciencedirect.com/science/article/abs/pii/S0010865018300341
https://www.sciencedirect.com/science/article/abs/pii/S0010865018300341
https://watermark.silverchair.com/ehq167.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAvowggL2BgkqhkiG9w0BBwagggLnMIIC4wIBADCCAtwGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQM57-eSHkR9L_-h1XsAgEQgIICrUnobX_n2EdCSrQVnIgKT7_scMlekh1AI6kTcvPgcCPktuzOiwDyRVSQuhtSmyfPsP1wGZNPderyrnpl8_Yg-5HUG2YsTD7gc8AFh6XpNgGVMcdid1IFKmHl08pSThpwTn6ut-SGmsB8U2OGzYtij1LnY7G0z9A6cSy2_RwkMPfPiN-PoUqTdAsZP4M4BjghejaGMLcyLOWPuGCXHIKghXrac6kOkVNE41ewayiN6ZgoJ6xvTxg99jUx5z145ChndNRTBhJMEC7cfe87JfhealWn1ajzCWK9LfMX1emGp2un_fZaJRudJPhDyiLcbCJGOgm56_GzVNQrlE4QkuS5hXxGMcD0jv-SDtJP_nVrtWaMi3ZriWVgZN8M3RSFzKcHK63PzFXTkIaeF6hhYUHmrNkcI0Hi100_dFHj80glQmzJyKOVJENErLhSXgPjLs4_sz5V8nQGc6Ka-05tFpg7MKMtBcARJvyPymg3jOvroeH-gDD1KOw8CWqK9SeddRkXfkTJ8aIRE_cNc5bYYWutvhCJgLBJGnThJyPKQ0LbrImPYhiN3Zj8O-jknuBWQn81f1LvLwk4SAXJnXkrtOj2S2x-59TBhT1MijJJX3L7Rn6JRmDF2EgESkAQ4t6l8JR-dRzi-wh1E-UtWlyWyvWJiWSDEyMC4WU3W0Lq9CMa1Db5QIZzRUBB8iRHJYheYeoxoJ6hTJzw70zsEO5fV6SNEHWE1XKf_vDz_yf7aVkn6klgjIKoPzHd2vcvOPfB-in50ok1JUnLv9QfZzP9tDt7Ci3BTNuaWFPZNhTowM5CVgkypmuff9LZCO-WiLbn9KexTEwVhuDjFPF7_JXeIFbG3cjTCnwP77yzwHQWZYdtm6eeCbL2IXpd5EevvITX3tc2EvNWtsvkjdLdSNdameM
https://watermark.silverchair.com/ehq167.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAvowggL2BgkqhkiG9w0BBwagggLnMIIC4wIBADCCAtwGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQM57-eSHkR9L_-h1XsAgEQgIICrUnobX_n2EdCSrQVnIgKT7_scMlekh1AI6kTcvPgcCPktuzOiwDyRVSQuhtSmyfPsP1wGZNPderyrnpl8_Yg-5HUG2YsTD7gc8AFh6XpNgGVMcdid1IFKmHl08pSThpwTn6ut-SGmsB8U2OGzYtij1LnY7G0z9A6cSy2_RwkMPfPiN-PoUqTdAsZP4M4BjghejaGMLcyLOWPuGCXHIKghXrac6kOkVNE41ewayiN6ZgoJ6xvTxg99jUx5z145ChndNRTBhJMEC7cfe87JfhealWn1ajzCWK9LfMX1emGp2un_fZaJRudJPhDyiLcbCJGOgm56_GzVNQrlE4QkuS5hXxGMcD0jv-SDtJP_nVrtWaMi3ZriWVgZN8M3RSFzKcHK63PzFXTkIaeF6hhYUHmrNkcI0Hi100_dFHj80glQmzJyKOVJENErLhSXgPjLs4_sz5V8nQGc6Ka-05tFpg7MKMtBcARJvyPymg3jOvroeH-gDD1KOw8CWqK9SeddRkXfkTJ8aIRE_cNc5bYYWutvhCJgLBJGnThJyPKQ0LbrImPYhiN3Zj8O-jknuBWQn81f1LvLwk4SAXJnXkrtOj2S2x-59TBhT1MijJJX3L7Rn6JRmDF2EgESkAQ4t6l8JR-dRzi-wh1E-UtWlyWyvWJiWSDEyMC4WU3W0Lq9CMa1Db5QIZzRUBB8iRHJYheYeoxoJ6hTJzw70zsEO5fV6SNEHWE1XKf_vDz_yf7aVkn6klgjIKoPzHd2vcvOPfB-in50ok1JUnLv9QfZzP9tDt7Ci3BTNuaWFPZNhTowM5CVgkypmuff9LZCO-WiLbn9KexTEwVhuDjFPF7_JXeIFbG3cjTCnwP77yzwHQWZYdtm6eeCbL2IXpd5EevvITX3tc2EvNWtsvkjdLdSNdameM
https://watermark.silverchair.com/ehq167.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAvowggL2BgkqhkiG9w0BBwagggLnMIIC4wIBADCCAtwGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQM57-eSHkR9L_-h1XsAgEQgIICrUnobX_n2EdCSrQVnIgKT7_scMlekh1AI6kTcvPgcCPktuzOiwDyRVSQuhtSmyfPsP1wGZNPderyrnpl8_Yg-5HUG2YsTD7gc8AFh6XpNgGVMcdid1IFKmHl08pSThpwTn6ut-SGmsB8U2OGzYtij1LnY7G0z9A6cSy2_RwkMPfPiN-PoUqTdAsZP4M4BjghejaGMLcyLOWPuGCXHIKghXrac6kOkVNE41ewayiN6ZgoJ6xvTxg99jUx5z145ChndNRTBhJMEC7cfe87JfhealWn1ajzCWK9LfMX1emGp2un_fZaJRudJPhDyiLcbCJGOgm56_GzVNQrlE4QkuS5hXxGMcD0jv-SDtJP_nVrtWaMi3ZriWVgZN8M3RSFzKcHK63PzFXTkIaeF6hhYUHmrNkcI0Hi100_dFHj80glQmzJyKOVJENErLhSXgPjLs4_sz5V8nQGc6Ka-05tFpg7MKMtBcARJvyPymg3jOvroeH-gDD1KOw8CWqK9SeddRkXfkTJ8aIRE_cNc5bYYWutvhCJgLBJGnThJyPKQ0LbrImPYhiN3Zj8O-jknuBWQn81f1LvLwk4SAXJnXkrtOj2S2x-59TBhT1MijJJX3L7Rn6JRmDF2EgESkAQ4t6l8JR-dRzi-wh1E-UtWlyWyvWJiWSDEyMC4WU3W0Lq9CMa1Db5QIZzRUBB8iRHJYheYeoxoJ6hTJzw70zsEO5fV6SNEHWE1XKf_vDz_yf7aVkn6klgjIKoPzHd2vcvOPfB-in50ok1JUnLv9QfZzP9tDt7Ci3BTNuaWFPZNhTowM5CVgkypmuff9LZCO-WiLbn9KexTEwVhuDjFPF7_JXeIFbG3cjTCnwP77yzwHQWZYdtm6eeCbL2IXpd5EevvITX3tc2EvNWtsvkjdLdSNdameM
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4211745/pdf/ijcem0007-2435.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4211745/pdf/ijcem0007-2435.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4211745/pdf/ijcem0007-2435.pdf

1Fe) 090 & 5los o ylg 6590 ¢ iumnt § (0549 pode A4

26.Corsten MF, Dennert R, Jochems S, Kuznetsova T, Devaux Y, Hofstra L, et al. Circulating
MicroRNA-208b and MicroRNA-499 reflect myocardial damage in cardiovascular disease.
Circulation: Genomic and Precision Medicine. 2010:CIRCGENETICS. 110.957415.

27.0kamoto A, Asai T, Ryu S, Ando H, Maeda N, Dewa T, et al. Enhanced efficacy of doxorubicin by
microRNA-499-mediated improvement of tumor blood flow. Journal of clinical medicine.
2016;5(1):10.

28.Kavazis A, Smuder A, Powers S. Endurance exercise protects cardiac muscle against doxorubicin-
induced damage via mitochondrial adaptations (706.1). The FASEB Journal. 2014;28(1
Supplement): 706.1.

29.Marques-Aleixo I, Santos-Alves E, Torrella J, Oliveira P, Magalhdes J, Ascensdo A. Exercise and
Doxorubicin Treatment Modulate Cardiac Mitochondrial Quality Control Signaling. Cardiovascular
toxicology. 2018;18(1):43-55.

30.Ascensdo A, Magalhdes J, Soares JM, Ferreira R, Neuparth MJ, Marques F, et al. Moderate
endurance training prevents doxorubicin-induced in vivo mitochondriopathy and reduces the
development of cardiac apoptosis. American Journal of Physiology-Heart and Circulatory
Physiology. 2005;289(2):H722-H31.

31.Rahimi M, Shekarforoush S, Asgari AR, Khoshbaten A, Rajabi H, Bazgir B, et al. The effect of high
intensity interval training on cardioprotection against ischemia-reperfusion injury in wistar rats.
EXCLI journal. 2015;14:237.

32.Jiang H-K, Wang Y-H, Sun L, He X, Zhao M, Feng Z-H, et al. Aerobic interval training attenuates
mitochondrial dysfunction in rats post-myocardial infarction: roles of mitochondrial network
dynamics. International journal of molecular sciences. 2014;15(4):5304-22.

33.Wislgff U, Stgylen A, Loennechen JP, Bruvold M, Rognmo @, Haram PM, et al. Superior
cardiovascular effect of aerobic interval training versus moderate continuous training in heart failure
patients: a randomized study. Circulation. 2007;115(24):3086-94.

34.Fu T-c, Wang C-H, Lin P-S, Hsu C-C, Cherng W-J, Huang S-C, et al. Aerobic interval training
improves oxygen uptake efficiency by enhancing cerebral and muscular hemodynamics in patients
with heart failure. International journal of cardiology. 2013;167(1):41-50.

35.Tjenna AE, Lee SJ, Rognmo @, Stglen TO, Bye A, Haram PM, et al. Aerobic interval training versus
continuous moderate exercise as a treatment for the metabolic syndrome: a pilot study. Circulation.
2008;118(4):346-54.

36.Helgerud J, Haydal K, Wang E, Karlsen T, Berg P, Bjerkaas M, et al. Aerobic high-intensity intervals
improve V' O2max more than moderate training. Medicine & Science in Sports & Exercise.
2007;39(4):665-71.

37.Carvalho FS, Burgeiro A, Garcia R, Moreno AJ, Carvalho RA, Oliveira PJ. Doxorubicin- Induced
Cardiotoxicity: From Bioenergetic Failure and Cell Death to Cardiomyopathy. Medicinal research
reviews. 2014;34(1):106-35.

38.Singal P, Li T, Kumar D, Danelisen I, lliskovic N. Adriamycin-induced heart failure: mechanisms
and modulation. Molecular and cellular biochemistry. 2000;207(1-2):77-86.


https://www.ahajournals.org/doi/pdf/10.1161/circgenetics.110.957415
https://www.ahajournals.org/doi/pdf/10.1161/circgenetics.110.957415
https://www.ahajournals.org/doi/pdf/10.1161/circgenetics.110.957415
https://www.mdpi.com/2077-0383/5/1/10/htm
https://www.mdpi.com/2077-0383/5/1/10/htm
https://www.mdpi.com/2077-0383/5/1/10/htm
https://faseb.onlinelibrary.wiley.com/doi/abs/10.1096/fasebj.28.1_supplement.706.1
https://faseb.onlinelibrary.wiley.com/doi/abs/10.1096/fasebj.28.1_supplement.706.1
https://faseb.onlinelibrary.wiley.com/doi/abs/10.1096/fasebj.28.1_supplement.706.1
https://link.springer.com/article/10.1007/s12012-017-9412-4
https://link.springer.com/article/10.1007/s12012-017-9412-4
https://link.springer.com/article/10.1007/s12012-017-9412-4
https://journals.physiology.org/doi/epdf/10.1152/ajpheart.01249.2004
https://journals.physiology.org/doi/epdf/10.1152/ajpheart.01249.2004
https://journals.physiology.org/doi/epdf/10.1152/ajpheart.01249.2004
https://journals.physiology.org/doi/epdf/10.1152/ajpheart.01249.2004
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4555214/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4555214/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4555214/
https://www.mdpi.com/1422-0067/15/4/5304/htm
https://www.mdpi.com/1422-0067/15/4/5304/htm
https://www.mdpi.com/1422-0067/15/4/5304/htm
https://www.ahajournals.org/doi/pdf/10.1161/circulationaha.106.675041
https://www.ahajournals.org/doi/pdf/10.1161/circulationaha.106.675041
https://www.ahajournals.org/doi/pdf/10.1161/circulationaha.106.675041
https://www.sciencedirect.com/science/article/abs/pii/S0167527311021437
https://www.sciencedirect.com/science/article/abs/pii/S0167527311021437
https://www.sciencedirect.com/science/article/abs/pii/S0167527311021437
https://www.ahajournals.org/doi/pdf/10.1161/CIRCULATIONAHA.108.772822
https://www.ahajournals.org/doi/pdf/10.1161/CIRCULATIONAHA.108.772822
https://www.ahajournals.org/doi/pdf/10.1161/CIRCULATIONAHA.108.772822
https://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.594.6219&rep=rep1&type=pdf
https://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.594.6219&rep=rep1&type=pdf
https://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.594.6219&rep=rep1&type=pdf
https://onlinelibrary.wiley.com/doi/epdf/10.1002/med.21280
https://onlinelibrary.wiley.com/doi/epdf/10.1002/med.21280
https://onlinelibrary.wiley.com/doi/epdf/10.1002/med.21280
https://link.springer.com/article/10.1023/A%3A1007094214460
https://link.springer.com/article/10.1023/A%3A1007094214460

