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ABSTRACT
Article Info: : [T Doxorubicin (Dox) is a very effective drug for the treatment of a wide range of cancers. How-
Received: 05 Jan 2022 © ever, in healthy tissues, especially cardiac tissue, it can lead to cytotoxicity. This study aims to determine
Accepted: 04 Jul 2022 the effect of 8 weeks of high intensity interval training (HIIT) and crocin consumption on serum markers
Available Online: 01 Jul 2022 of Dox-induced cardiotoxicity in male rats
¢ [YIETIYE In this study, 32 male Wistar rats were randomly divided into four groups: healthy control, doxo-
rubicin, doxorubicin + HIIT, and doxorubicin + crocin + HIIT. The HIIT program was performed for 8 weeks,
five days a week, with two 2-min intervals and 80% intensity in the first week and eight 2-minute intervals
and 90% intensity of maximum speed in the final weeks. The last group received 10 mg/kg body weight of
crocin by gavage for 8 weeks. Dox was injected subcutaneously seven times at a dose of 2 mg/kg. Forty-
eight hours after the last training session and after anesthesia, blood samples were taken directly from the
left ventricle; after separating serum from plasma, the levels of lactate dehydrogenase (LDH) and creatine
kinase isoenzyme (CK-MB) were measured. Data were analyzed using independent t-test and one-way
analysis of variance. The significance level was set at 0.05.
: SIS The Dox injection led to a significant increase in LDH and CK-MB levels in rats compared to the
Keywords: : healthy control group (P=0.001). However, 8 weeks of HIIT significantly reduced the serum levels of LDH
Doxorubicin, (P=0.001) and CK-MB (P=0.017) compared to the Dox group. In addition, 8 weeks of HIIT plus crocin
High intensity © consumption significantly reduced the LDH (P=0.001) and CK-MB (P=0.001) levels compared to the Dox
interval training, : group. There was no significant difference between the effects of HIIT alone and HIIT plus crocin con-
Crocin, Lactate © sumption on the serum levels of LDH (P=0.087) and CK-MB (P=0.877) in rats received doxorubicin.
dehydrogenase, It seems that HIIT alone and in combination with crocin consumption can reduce the changes
Creatine Kinase © inserum levels of LDH and CK-MB induced by doxorubicin.
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Extended Abstract

1. Introduction

oxorubicin (Dox) is a drug from the

family of anthracyclines, which is

used in the treatment of a wide range

of malignancies such as lymphoma

and leukemia [1, 2]. In addition to the
anti-tumor effects of this drug, side effects such as the
toxicity of healthy tissues including heart tissue, have
caused a serious problem in the use of this drug for the
treatment of cancers [3]. There are several methods to
reduce the side effects caused by Dox toxicity, such as
limiting the cumulative dose of the drug, reducing its
consumption, and performing continuous aerobic activ-
ity [3, 9]. Moderate intensity physical activity, as one
of the appropriate protective strategies, can protect the
heart against Dox-induced cardiotoxicity [ 10]. Metabol-
ic, muscular and cardiovascular adaptations in healthy
and affected groups depend on the intensity of physical
activity. The beneficial effects of high intensity interval
training (HIIT) are much greater and more acceptable
than continuous aerobic training in reducing inflam-
matory and traditional risk markers, despite the short
time and reduced amount of activity [12, 13]. In addi-
tion to physical activity, medicinal plants with different
biological properties have protective effects against the
toxicity caused by chemical substances due to having
no side effects [18]. Crocin, which is one of the effec-
tive components in the saffron plant, has strong antioxi-
dant and anti-inflammatory effects [19]. This study aims
to investigate the combined effect of HIIT and crocin
supplementation on serum markers of cardiac damage
including lactate dehydrogenase (LDH) and creatine ki-
nase (CK-MB) isoenzyme.

Table 1. Mean levels of the study variables
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Methods

In this study, 32 male Wistar rats with an average
weight of 200-220 g were prepared and kept in suitable
conditions. Then, they were randomly divided into four
groups: healthy control (saline), doxorubicin (patient
control), doxorubicin + HIIT, and doxorubicin + HIIT
+ crocin. The last two groups performed the HIIT for
8 weeks, 5 days per week in the form of 2-minute in-
tervals of high and low-intensity running on the tread-
mill. Crocin was prepared as a ready-made powder in 1
and 5 g vials with a purity of 98% (Sigma, USA). The
last group received 10 mg/kg body weight of crocin dis-
solved in 10 mg/kg normal saline orally (by gavage)
on training days. Doxorubicin was purchased from the
ABO company, Belgium. Then, seven doses were di-
luted with normal saline to prepare the desired dose and
was injected subcutaneously seven times at the end of
each week. LDH and CK-MB levels were measured us-
ing special laboratory kits according to the instructions
of the manufacturer and by spectrophotometric method.
To determine the level of CK activity, CK-MB isoform
kit (Pars Azmoun, Tehran, Iran) was used. The standard
method proposed by the German Society of Clinical
Chemistry (DGKC) was used to measure LDH activity
[26]. The obtained data were analyzed using appropriate
statistical tests. The significance level was set at 0.05.

Results

The data related to the mean and standard deviation of
the study variables for each group are presented in Table
1. The results showed that the lowest levels of CK-MB
and LDH enzymes were in the healthy control group and
the highest levels were in the doxorubicin group (Table
1). Data analysis showed that injection of doxorubicin
caused a significant increase in serum levels of LDH
and CK-MB compared to the healthy control group
(P=0.001) (Table 2). There was no significant difference
between the effects of HIIT alone and HIIT plus crocin

Groups CK-MB (uL) LDH (uL)
Healthy control 829.125+340.33 2526+242.63
Doxorubicin 248.250+441.55 5569.750+396.19
Doxorubicin+HIIT 1803.250+558.66 3626+6+5.74
Doxorubicin+HIIT+Crocin 1650.750+211.11 3088.500+419.36
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Table 2. Results of independent t-test for assessing the effects of doxorubicin injection on the study variables

Variables t df P
CK-MB -8.387 14 0.001**
LDH -18.530 14 0.001**
. . &Cjb Complementary Medicine Journal
**Slgmﬁcant at P<0.01 i%,g Arak University of Medical Sciences
7000 + 3500
6000 3 3000
=
5000 . 5 2500
=
= 4000 * o 2o
= 1500
E 3000 ZI 1000
2000 % 500
1000 0
0 HelthCO Dox+HIIT  Dox+Cro+HIIT
HelthCO Dox Dox+HIIT ~ Dox+Cro+HIIT

'Ecj& Complementary Medicine Journal
f&»ﬁ Arak University of Medical Sciences
Figure 1. Mean levels of LDH enzyme (uL) in four study groups.

tSignificant difference compared to the healthy control group,
* Significant difference compared to the doxorubicin group

consumption on the serum levels of LDH (P=0.087) and
CK-MB (P=0.877) in rats received doxorubicin (Fig-
ures 1 and 2).

Discussion

The results showed that the Dox injection led to a sig-
nificant increase in LDH and CK-MB levels in rats, but
HIIT alone and in combination with crocin consumption
reduced the changes in serum levels of LDH and CK-
MB induced by doxorubicin. There was no significant
difference between the effects of HIIT alone and HIIT
plus crocin consumption on the serum levels of LDH
and CK-MB in rats received doxorubicin.
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12. Extracellular matrix (ECM)
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10. Nicotinamide Adenine Dinucleotide+H (NADH)
11. Nicotinamide Adenine Dinucleotide
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15. Phytochemicals
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13. Superoxide Dismutase
14. Catalase
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16. Reactive Oxygen Species (ROS)

B Sl Coow 9 (g yS B garo ¢ 19U dauud oy god o) Kot g 41,8 el ausl,



http://cmja.arakmu.ac.ir/index.php?slc_lang=fa&sid=1

3 3
‘f"QJ, Complementary Medicine Journal
Arak University of Medical Sciences

References

[1] Abdullah CS, Alam S, Aishwarya R, Miriyala S, Bhuiyan MAN, Panchatch-
aram M, et al. Doxorubicin-induced cardiomyopathy associated with in-
hibition of autophagic degradation process and defects in mitochondrial
respiration. Scientific Reports. 2019; 9(1):2002. [DOI:10.1038/s41598-
018-37862-3] [PMID] [PMCID]

[2] Popov A, Klimovich A, Styshova O, Tsybulsky A, Hushpulian D, Osipy-
ants A, et al. Probable mechanisms of Doxorubicin antitumor activ-
ity enhancement by ginsenoside Rh2. Molecules. 2022; 27(3):628.
[DOI:10.3390/molecules27030628] [PMID] [PMCID]

[3] Lee Y, Kwon |, Jang Y, Cosio-Lima L, Barrington P. Endurance exer-
cise attenuates doxorubicin-induced cardiotoxicity. Medicine and
Science in Sports and Exercise. 2020; 52(1):25-36. [DOI:10.1249/
MSS.0000000000002094] [PMID]

[4] Cao L, Zhu W, Wagar EA, Meng QH. Biomarkers for monitoring chem-
otherapy-induced cardiotoxicity. Critical Reviews in Clinical Laboratory
Sciences. 2017; 54(2):87-101. [DOI:10.1080/10408363.2016.1261270
1[PMID]

[5] Alkuraishy HM, Al-Gareeb Al, Al-hussaniy HA. Doxorubicin-induced car-
diotoxicity: Molecular mechanism and protection by conventional drugs
and natural products. International Journal of Clinical Oncology and
Cancer Research. 2017; 2(2):31-44. [Link]

[6] Sroda-Pomianek K, Michalak K, Swigtek P, Pota A, Palko-tabuz A,
Wesotowska O. Increased lipid peroxidation, apoptosis and selective
cytotoxicity in colon cancer cell line lovo and its doxorubicin-resistant
subline lovo/dx in the presence of newly synthesized phenothiazine
derivatives. Biomedicine & Pharmacotherapy. 2018; 106:624-36.
[DOI:10.1016/j.biopha.2018.06.170] [PMID]

[7] Kong CY, Guo Z, Song P, Zhang X, Yuan YP, Teng T, et al. Underlying the
mechanisms of Doxorubicin-induced acute cardiotoxicity: Oxidative
stress and cell death. International Journal of Biological Sciences. 2022;
18(2):760-70. [DOI:10.7150/ijbs.65258] [PMID] [PMCID]

[8] Shirinbayan V, Roshan VD. Pretreatment effect of running exer-
cise on HSP 70 and Dox-induced cardiotoxicity. Asian Pacific Jour-
nal of Cancer Prevention. 2012; 13(11):5849-55. [DOI:10.7314/AP-
JCP.2012.13.11.5849] [PMID]

[9] Soliman H, Ahmed RR, Gomaa HA, Ali AT. Assessment of the chemo-
preventive effects of various plant constituents against doxorubicin-in-
duced toxicity in rats. Journal of American Science. 2014; 10(9):153-64.
[Link]

[10] Moradi M, Shakerian S, Nikbakht M. [The effect of eight weeks high
intensity interval training and Crocin consumption on oxidative stress of
liver tissue in male rats subjected to chronic Doxorubicin injection (Per-
sian)]. Feyz 2019; 23(5):485-94. [Link]

[11] Kavazis AN, Smuder AJ, Powers SK. Effects of short-term endurance ex-
ercise training on acute doxorubicin-induced FoxO transcription in cardi-
ac and skeletal muscle. Journal of Applied Physiology. 2014; 117(3):223-
30. [DOI:10.1152/japplphysiol.00210.2014] [PMID] [PMCID]

[12] Ramos JS, Dalleck LC, Tjonna AE, Beetham KS, Coombes JS. The impact
of high-intensity interval training versus moderate-intensity continu-
ous training on vascular function: A systematic review and meta-anal-
ysis. Sports Medicine. 2015; 45(5):679-92. [DOI:10.1007/s40279-015-
0321-z] [PMID]

[13] Maclnnis MJ, Gibala MJ. Physiological adaptations to interval train-

ing and the role of exercise intensity. The Journal of Physiology. 2017;
595(9):2915-30. [DOI:10.1113/JP273196] [PMID] [PMCID]

Summer 2022. Vol 12. Issue 2

[14] Freitag N, Weber PD, Sanders TC, Schulz H, Bloch W, Schumann M.
High-intensity interval training and hyperoxia during chemotherapy: A
case report about the feasibility, safety and physical functioningin a colo-
rectal cancer patient. Medicine. 2018; 97(24):e11068. [DOI:10.1097/
MD.0000000000011068] [PMID] [PMCID]

[15] Indu R, Azhar T, Nair A, Nair CKK. Amelioration of Doxorubicin induced
cardio-and hepato-toxicity by carotenoids. Journal of Cancer Research
and Therapeutics. 2014; 10(1):62. [DOI:10.4103/0973-1482.131370]
[PMID]

[16] Goldfarb AH, McKenzie MJ, Bloomer RJ. Gender comparisons of exer-
cise-induced oxidative stress: Influence of antioxidant supplementation.
Applied Physiology, Nutrition, and Metabolism. 2007; 32(6):1124-31.
[DOI:10.1139/H07-078] [PMID]

[17] Ugras AF. Effect of high intensity interval training on elite athletes’ an-
tioxidant status. Science & Sports. 2013; 28(5):253-9. [DOI:10.1016/j.
sCisp0.2012.04.009]

[18] Orazizadeh M, Khorsandi L, Absalan F, Hashemitabar M, Daneshi E. Ef-
fect of beta-carotene on titanium oxide nanoparticles-induced testicu-
lar toxicity in mice. Journal of Assisted Reproduction and Genetics. 2014;
31(5):561-8. [DOI:10.1007/s10815-014-0184-5] [PMID] [PMCID]

[19] Ordoudi SA, Tsimidou MZ. Measuring antioxidant and prooxidant ca-
pacity using the Crocin bleaching assay (CBA). In: Armstrong D, editor.
advanced protocols in oxidative stress iii. Methods in molecular biology.
New York: Humana Press; 2015. [DOI:10.1007/978-1-4939-1441-8_24]
[PMID]

[20] Salem M, Shaheen M, Tabbara A, Borjac J. Saffron extract and Crocin
exert anti-inflammatory and anti-oxidative effects in a repetitive
mild traumatic brain injury mouse model. Scientific Reports. 2022;
12(1):5004. [DOI:10.1038/541598-022-09109-9] [PMID] [PMCID]

[21] Goyal S, Arora S, Sharma A, Joshi S, Ray R, Bhatia J, et al. Preven-
tive effect of Crocin of crocus sativus on hemodynamic, biochemical,
histopathological and ultrastructural alterations in isoproterenol-
induced cardiotoxicity in rats. Phytomedicine. 2010; 17(3-4):227-32.
[DOI:10.1016/j.phymed.2009.08.009] [PMID]

[22] Rezaei R, Nurshahi M, Bigdeli M, Khodagoli F, Haghparast A. [Effect of
eight weeks of continuous and periodic aerobic training on VEGF-A and
VEGFR-2 levels of male brain Wistar rats (Persian)]. Journal of Physiology
of Sport and Physical Activity. 2015; 16:1213-21. [Link]

[23] Elsherbiny NM, Salama MF, Said E, El-Sherbiny M, Al-Gayyar MM.
Crocin protects against doxorubicin-induced myocardial toxicity in
rats through down-regulation of inflammatory and apoptic pathways.
Chemico-Biological Interactions. 2016; 247:39-48. [DOI:10.1016/j.
¢bi.2016.01.014] [PMID]

[24] Marques-Aleixo |, Santos-Alves E, Balga M, Moreira P, Oliveira P,
Magalhdes J, et al. Physical exercise mitigates doxorubicin-induced
brain cortex and cerebellum mitochondrial alterations and cellular qual-
ity control signaling. Mitochondrion. 2016; 26:43-57. [DOI:10.1016/].
mito.2015.12.002] [PMID]

[25] Malekinejad H, Ahsan S, Delkhosh-Kasmaie F, Cheraghi H, Rezaei-
Golmisheh A, Janbaz-Acyabar H. Cardioprotective effect of royal jelly on
paclitaxel-induced cardio-toxicity in rats. Iranian Journal of Basic Medical
Sciences. 2016; 19(2):221-7. [PMID] [PMCID]

[26] Pesce A, Fondy TP, Stolzenbach F, Castillo F, Kaplan NO. The compara-
tive enzymology of lactic dehydrogenases Ill. Properties of the H4 and
M4 enzymes from a number of vertebrates. Journal of Biological Chem-
istry. 1967; 242(9):2151-67. [DOI:10.1016/5S0021-9258(18)96030-8]

Ahmadi Qaracheh R, et al. Hiit, Crocin Consumption and Markers of Cardiac Tissue Toxicity. CMJA. 2022; 12(2):136-147

146



http://cmja.arakmu.ac.ir/index.php?slc_lang=en&sid=1
https://doi.org/10.1038/s41598-018-37862-3
https://doi.org/10.1038/s41598-018-37862-3
https://www.ncbi.nlm.nih.gov/pubmed/30765730
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6376057
https://doi.org/10.3390/molecules27030628
https://www.ncbi.nlm.nih.gov/pubmed/35163891
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8838402
https://doi.org/10.1249/MSS.0000000000002094
https://doi.org/10.1249/MSS.0000000000002094
https://www.ncbi.nlm.nih.gov/pubmed/31318716
https://doi.org/10.1080/10408363.2016.1261270
https://www.ncbi.nlm.nih.gov/pubmed/28013560
http://www.ijcocr.org/article/273/10.11648.j.ijcocr.20170202.12
https://doi.org/10.1016/j.biopha.2018.06.170
https://www.ncbi.nlm.nih.gov/pubmed/29990852
https://doi.org/10.7150/ijbs.65258
https://www.ncbi.nlm.nih.gov/pubmed/35002523
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8741835
https://doi.org/10.7314/APJCP.2012.13.11.5849
https://doi.org/10.7314/APJCP.2012.13.11.5849
https://www.ncbi.nlm.nih.gov/pubmed/23317268
http://www.jofamericanscience.org/journals/am-sci/am1009/021_24852bam100914_153_164.pdf
http://feyz.kaums.ac.ir/article-1-3861-fa.html&sw=The+Effect+of+Eight+Weeks+High+I
https://doi.org/10.1152/japplphysiol.00210.2014
https://www.ncbi.nlm.nih.gov/pubmed/24947024
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4347740
https://doi.org/10.1007/s40279-015-0321-z
https://doi.org/10.1007/s40279-015-0321-z
https://www.ncbi.nlm.nih.gov/pubmed/25771785
https://doi.org/10.1113/JP273196
https://www.ncbi.nlm.nih.gov/pubmed/27748956
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5407969
https://doi.org/10.1097/MD.0000000000011068
https://doi.org/10.1097/MD.0000000000011068
https://www.ncbi.nlm.nih.gov/pubmed/29901612
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6024261
https://doi.org/10.4103/0973-1482.131370
https://www.ncbi.nlm.nih.gov/pubmed/24762488
https://doi.org/10.1139/H07-078
https://www.ncbi.nlm.nih.gov/pubmed/18059586
https://doi.org/10.1016/j.scispo.2012.04.009
https://doi.org/10.1016/j.scispo.2012.04.009
https://doi.org/10.1007/s10815-014-0184-5
https://www.ncbi.nlm.nih.gov/pubmed/24515782
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4016370
https://doi.org/10.1007/978-1-4939-1441-8_24
https://www.ncbi.nlm.nih.gov/pubmed/25323518
https://doi.org/10.1038/s41598-022-09109-9
https://www.ncbi.nlm.nih.gov/pubmed/35322143
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8943204
https://doi.org/10.1016/j.phymed.2009.08.009
https://www.ncbi.nlm.nih.gov/pubmed/19747807
https://www.sid.ir/paper/264940/en
https://doi.org/10.1016/j.cbi.2016.01.014
https://doi.org/10.1016/j.cbi.2016.01.014
https://www.ncbi.nlm.nih.gov/pubmed/26807765
https://doi.org/10.1016/j.mito.2015.12.002
https://doi.org/10.1016/j.mito.2015.12.002
https://www.ncbi.nlm.nih.gov/pubmed/26678157
https://pubmed.ncbi.nlm.nih.gov/27081469
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4818372/
https://doi.org/10.1016/S0021-9258(18)96030-8

Summer 2022. Vol 12. Issue 2

[27] Wallace KB. Doxorubicin-induced cardiac mitochondrionopathy.
Pharmacology & Toxicology. 2003; 93(3):105-15. [DOI:10.1034/j.1600-
0773.2003.930301.x] [PMID]

[28] Singal P, Li T, Kumar D, Danelisen |, lliskovic N. Adriamycin-induced
heart failure: Mechanisms and modulation. Molecular and Cellular
Biochemistry. 2000; 207(1):77-86. [DOI:10.1023/A:1007094214460]
[PMID]

[29] Minotti G, Menna P, Salvatorelli E, Cairo G, Gianni L. Anthracyclines:
Molecular advances and pharmacologic developments in antitumor ac-
tivity and cardiotoxicity. Pharmacological Reviews. 2004; 56(2):185-229.
[DOI:10.1124/pr.56.2.6] [PMID]

[30] Rawat PS, Jaiswal A, Khurana A, Bhatti JS, Navik U. Doxorubicin-in-
duced cardiotoxicity: An update on the molecular mechanism and novel
therapeutic strategies for effective management. Biomedicine & Phar-
macotherapy. 2021; 139:111708. [DOI:10.1016/j.biopha.2021.111708]
[PMID]

[31] Perego P, Corna E, Cesare MD, Gatti L, Polizzi D, Pratesi G, et al. Role
of apoptosis and apoptosis-related genes in cellular response and an-
titumor efficacy of anthracyclines. Current Medicinal Chemistry. 2001;
8(1):31-7. [DOI:10.2174/0929867013373994] [PMID]

[32] 32. Vejpongsa P, Yeh ET. Prevention of anthracycline-induced cardio-
toxicity: Challenges and opportunities. Journal of the American College
of Cardiology. 2014; 64(9):938-45. [DOI:10.1016/j.jacc.2014.06.1167]
[PMID]

[33] Carvalho C, Santos RX, Cardoso S, Correia S, Oliveira PJ, Santos MS, et
al. Doxorubicin: The good, the bad and the ugly effect. Current Medici-
nal Chemistry. 2009; 16(25):3267-85. [DOI:10.2174/092986709788803
312] [PMID]

[34] Rahmani Ghobadi M. [The relationship of physical activity and risk fac-
tors of coronary heart disease (CHD) in older men (Persian). Salmand:
Iranian Journal of Ageing. 2015; 9(4):316-23. [Link]

[35] Patel IB, Atar MA, Ali SA. Punica granatum peel extract ameliorates
Doxorubicin induced cardiotoxicity. Analytical Chemistry Letters. 2019;
9(6):835-44. [DOI:10.1080/22297928.2019.1708789]

[36] Rakhshan K, Aboutaleb N, Nikbakht F, Bakhshesh M, Azizi Y. [Apigenin
improves myocardial function and attenuates cardiotoxicity induced by
Doxorubicin in male rats (Persian). Yafteh. 2018; 20(1):85-98. [Link]

[37] Ramez M, Rajabi H, Ramezani F, Naderi N, Darbandi-Azar A, Nasirin-
ezhad F. The greater effect of high-intensity interval training versus
moderate-intensity continuous training on cardioprotection against
ischemia-reperfusion injury through Klotho levels and attenuate of myo-
cardial TRPC6 expression. BMC Cardiovascular Disorders. 2019; 19:118.
[DOI:10.1186/512872-019-1090-7] [PMID] [PMCID]

[38] Ghanimati R, Rajabi H, Ramezani F, Ramez M, Bapiran M, Nasirin-
ezhad F. The effect of preconditioning with high-intensity training on
tissue levels of G-CSF, its receptor and C-kit after an acute myocardial
infarction in male rats. BMC Cardiovascular Disorders. 2020; 20(1):1-9.
[DOI:10.1186/512872-020-01380-w] [PMID] [PMCID]

[39] Shakir DK, Rasul KI. Chemotherapy induced cardiomyopathy: Patho-
genesis, monitoring and management. Journal of Clinical Medicine Re-
search. 2009; 1(1):8. [DOI:10.4021/jocmr2009.02.1225]

[40] Khanmohammadi R, Azarbaijani MA, Piri M, Khorsandi L. [The effect
of high intensity training and Crocin on oxidative stress in male rats sub-
jected to Doxorubicin induction (Persian)]. Armaghan-e-Danesh. 2019;
23(6):694-708. [Link]

.
3 Q":' Complementary Medicine Journal
Arak University of Medical Sciences

[41] Fattahi Bafghi A, Homaee HM, Azarbayjani MA. Effects of high inten-
sity interval training and curcumin supplement on antioxidant enzyme
in heart tissue of diabetic rats. Iranian Journal of Diabetes and Obesity.
2016; 8(3):135-41. [Link]

[42] Tsutsui H, Ide T, Kinugawa S. Mitochondrial oxidative stress, DNA
damage, and heart failure. Antioxidants & Redox Signaling. 2006; 8(9-
10):1737-44. [DOI:10.1089/ars.2006.8.1737] [PMID]

[43] Liu X, Chua CC, Gao J, Chen Z, Landy CL, Hamdy R, et al. Pifithrin-a
protects against doxorubicin-induced apoptosis and acute cardiotoxicity
in mice. American Journal of Physiology-Heart and Circulatory Physiol-
ogy. 2004; 286(3):H933-9. [DOI:10.1152/ajpheart.00759.2003] [PMID]

[44] Safar Nezhad A, Peeri M, Matin Homaee H. [Effect of high intensity
interval training and continuous training on the gene expression of Bcl2,
Bax and P-53 protein in the left ventricle type 2 diabetes of male rats
(Persian)]. Medical Journal of Mashhad University of Medical Sciences.
2021; 63(5). [DOI:10.22038/mjms.2021.17582]

[45] Abushouk Al, Ismail A, Salem AMA, Afifi AM, Abdel-Daim MM. Cardio-
protective mechanisms of phytochemicals against doxorubicin-induced
cardiotoxicity. Biomedicine & Pharmacotherapy. 2017; 90:935-46.
[DOI:10.1016/j.biopha.2017.04.033] [PMID]

[46] Guo Z, Yan M, Chen L, Fang P, Li Z, Wan Z, et al. Nrf2dependent antioxi-
dant response mediated the protective effect of tanshinone I1A on doxo-
rubicininduced cardiotoxicity. Experimental and Therapeutic Medicine.
2018; 16(4):3333-44. [DOI:10.3892/etm.2018.6614] [PMID] [PMCID]

[47] Shekarriz H, Galedari M, Khorsandi L, Nikbakht M. [Protective effects
of aerobic training and Crocin on Doxorubicin induced heart tissue oxi-
dative stress in male rats (Persian)]. Iranian Journal of Nutrition Sciences
& Food Technology. 2020; 15(2):11-20. [Link]

[48] Kaffashi Elahi R, Mohajeri D. [Experimental study on protective effects
of Crocin on nephropathy induced by complete unilateral ureteral ob-
struction in the rats (Persian)]. Journal of Comparative Pathobiology.
2016; 12(4):1769-82. [Link]

Ahmadi Qaracheh R, et al. Hiit, Crocin Consumption and Markers of Cardiac Tissue Toxicity. CMJA. 2022; 12(2):136-147



http://cmja.arakmu.ac.ir/index.php?slc_lang=en&sid=1
https://doi.org/10.1034/j.1600-0773.2003.930301.x
https://doi.org/10.1034/j.1600-0773.2003.930301.x
https://www.ncbi.nlm.nih.gov/pubmed/12969434
https://doi.org/10.1023/A:1007094214460
https://www.ncbi.nlm.nih.gov/pubmed/10888230
https://doi.org/10.1124/pr.56.2.6
https://www.ncbi.nlm.nih.gov/pubmed/15169927
https://doi.org/10.1016/j.biopha.2021.111708
https://www.ncbi.nlm.nih.gov/pubmed/34243633
https://doi.org/10.2174/0929867013373994
https://www.ncbi.nlm.nih.gov/pubmed/11172690
https://doi.org/10.1016/j.jacc.2014.06.1167
https://www.ncbi.nlm.nih.gov/pubmed/25169180
https://doi.org/10.2174/092986709788803312
https://doi.org/10.2174/092986709788803312
https://www.ncbi.nlm.nih.gov/pubmed/19548866
http://salmandj.uswr.ac.ir/browse.php?a_code=A-10-1013-1&slc_lang=en&sid=1
https://doi.org/10.1080/22297928.2019.1708789
http://yafte.lums.ac.ir/browse.php?a_code=A-10-2033-1&slc_lang=en&sid=1
https://doi.org/10.1186/s12872-019-1090-7
https://www.ncbi.nlm.nih.gov/pubmed/31096903
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6524218
https://doi.org/10.1186/s12872-020-01380-w
https://www.ncbi.nlm.nih.gov/pubmed/32046645
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7011373
https://doi.org/10.4021/jocmr2009.02.1225
https://ijdo.ssu.ac.ir/article-1-309-en.pdf
https://doi.org/10.1089/ars.2006.8.1737
https://www.ncbi.nlm.nih.gov/pubmed/16987026
https://doi.org/10.1152/ajpheart.00759.2003
https://www.ncbi.nlm.nih.gov/pubmed/14766674
https://dx.doi.org/10.22038/mjms.2021.17582
https://doi.org/10.1016/j.biopha.2017.04.033
https://www.ncbi.nlm.nih.gov/pubmed/28460429
https://doi.org/10.3892/etm.2018.6614
https://www.ncbi.nlm.nih.gov/pubmed/30233680
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6143869
https://brieflands.com/articles/jjcmb-130731.pdf
https://jcp.srbiau.ac.ir/article_8683.html?lang=en

	_GoBack
	_Hlk113891384

