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Abstract

Background: Doxorubicin is a pervasive drug in cancer treatment, but its
consumption is restricted due to various side effects in the body tissues.
Therefore, this research aimed to reduce the side effects of this drug through
the impact of a period of aerobic training along with the consumption of
curcumin nano micelles on the expression level of CAS3, CAS9, BCL2, and
BAX genes in cardiac tissues of Balb C mice with breast cancer induced by
4T1 cell line.

Materials and Methods: 24 female Balb/C mice were randomly assigned to
four control groups: treated with doxorubicin, treated with doxorubicin and
aerobic exercise training, treated with doxorubicin and nanocurcumin and
bimardoxorubicin supplement, aerobic exercise training, and supplement. The
4T1 cell line, arising mouse mammary tumor, was used in this study.
Doxorubicin (2mg/kg) was injected subcutaneously six times on days 28, 21,
14,7,1, and 35.

Results: Aerobic exercise training significantly decreased the expression level
of CAS3, CAS9 and BAX genes, while it had no significant effect on the level
of BCL2 (P< 0/05). Nanomicelle curcumin supplement caused a significant
decrease in the expression of CAS3 and CAS9 genes, but it had no significant
effect on the BAX gene expression. However, it caused a significant increase
in BCL2 gene expression (P< 0/05).

Conclusion: It can be concluded that aerobic exercise training and
consumption of Nano micelles containing curcumin as a therapeutic
supplement alone or simultaneously reduced sensitivity to cardiac apoptosis
and protected non-target tissues in the heart during doxorubicin therapy.
Doxorubicin (DOX) inhibits the growth of tumor cells and improves the
effectiveness of cancer treatment.

Keywords
Aerobic Exercise, D oxorubicin, Breast Cancer, Curcumin Nanomicelle Breast Cancer

Copyright © 2023 Moghiseh et al. Published by Breast Cancer Recearch Center, ACECR

This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International
CIACEM | icense (https://creativecommons.org/licenses/by-nc/4.0/ ) Non-commercial uses of the

work are permitted, provided the original work is properly cited.


https://creativecommons.org/licenses/by-nc/4.0/
http://dx.doi.org/10.30699/ijbd.16.2.67
https://dorl.net/dor/20.1001.1.17359406.1402.16.2.5.8
https://ijbd.ir/article-1-1038-fa.html

mThe Effect of Aerobic Exercise Training and ...

[ Downloaded from ijbd.ir on 2023-09-04 ]

[ DOR: 20.1001.1.17359406.1402.16.2.5.8 ]

[ DOI: 10.30699/ijbd.16.2.67 ]

Cancer is the second leading cause of death
worldwide. Breast cancer is one of the most
common cancers diagnosed among women.
Chemotherapy is commonly used to treat breast
cancer. Doxorubicin has been widely used in
chemotherapy for the treatment of various types
of cancers for more than 30 years. However, due
to its toxic side effects, its therapeutic use is
limited. The main adverse effect of this drug is
cardiotoxicity. Various strategies, such as herbal
medicine use, diet, and different types of long-
term exercise training, have been investigated to
reduce the toxic effects of doxorubicin on non-
target tissues and increase antioxidant levels.
However, no specific method currently exists to
prevent DOX-induced cytotoxicity.

Therefore, the present study attempts to
investigate the effect of aerobic exercise training
as and curcumin nanomicelle supplement on the
expression level of CASP3, CASP9, Bax and
BCL2 genes on cardiac tissues of Balb / C Mice
with breast cancer treated with Doxorubicin.

Materials and Methods

In the applied study, researchers used
experimental and laboratory designs in terms
of controlling variables and  setting,
respectively, to collect data. In this research,
24 female Balb/c mice aged six to seven
weeks, with a body weight of 20+ 2 grams
were randomly divided into four groups, as
follows (Table 1):

Table 1: Description of study groups

The name of the Number (head)  gender Title
group
Gl 6 Female Patient + Doxorubicin
G2 6 Female Patient + Doxorubicin + Aerobic Exercise
G3 6 Female Patient + Doxorubicin + Curcumin Supplement
G4 6 Female  Patient + Doxorubicin + Curcumin Supplement +

Aerobic Exercise

The 4T1 cell line, arising mouse mammary
tumor, was purchased from the National Cell
Bank of Pasteur Institute of Iran (NCBI). Each
group performed the endurance-training
program five sessions per week for six weeks.

The length of the sessions was 30 minutes in
this study. The treadmill speed started at
14m/min and gradually increased to 16m/min
and then 18 m/min every two weeks (Table 2).

Table 2: Training protocol

Week Speed (m/min) Period (Min) Slope
1 14 30 0
2 14 30 0
3 16 30 0
4 16 30 0
5 18 30 0
6 18 30 0

Due to the metabolism, poor absorption, and
bioavailability of curcumin, a nano-curcumin
supplement was wused in this research.
SinaCurcumin®, a soft gelatin capsule
containing  40mg  nano-curcumin,  was
purchased from Exir Nano Sina Company. The
mice in the groups G3 and G4 received
curcumin nanomicelle capsules (100mg/kg)
daily at 4 PM by gavage for six consecutive

weeks. Ebedoxo hydrochloride (Doxorubicin)
purchased from EBEWE Pharma, AUSTRIA,
was diluted with distilled water to prepare the
desired dose (2 mg/kg of body weight).
Doxorubicin ~ 2mg/kg was  subsequently
injected to mice six times on days
1,7,14,21,28, and 35. After the completion of
six weeks of the intervention, the mice were
anesthetized by C02 gas, and cardiac tissues
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were taken to measure the expression level of
CASP3, CASP9, BCL2, and BAX. A Two-
way ANOVA test was used to evaluate the
effect of aerobic exercise and curcumin
supplement, alone or in combination, on the
expression level of CASP3, CASP9, BCL2,
and BAX after intervention.

Results

The main effect of aerobic exercise (p=0.537)
and curcumin supplement (p=0.694) was to
increase the expression level of BAX in female
Balb/C mice receiving doxorubicin treatment
after breast cancer induced by 4T1 cell line.
However, their effect was not significantly
different. Moreover, the interaction effect of
aerobic exercise and curcumin supplement
increased the expression level of BAX in
female Balb/C mice receiving doxorubicin
treatment after breast cancer induced by 4T1
cell line. However, their effect was not
statistically significant (P = 0.297).

Aerobic exercises mainly increased the
expression level of BCL2 in female Balb/C
mice receiving doxorubicin treatment after
breast cancer induced by 4T1 cell line
(p=0.035). The study showed a statistically
significant difference, meaning that aerobic
exercise can increase the expression level of
BCL2 individually. The intervention effect of
aerobic exercise and curcumin supplement was
to increase the expression level of BCL2 in
female Balb/C mice receiving doxorubicin
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treatment after breast cancer induced by 4T1
cell line. However, the intervention effect was
not statistically significant (p=0.903).

The main effect of aerobic exercise (p=0.579)
in combination with curcumin (p=0.165) was
to increase the expression level of CAS3 in
female Balb/C mice receiving doxorubicin
treatment after breast cancer induced by 4T1
cell line. However, the effect of aerobic
exercise (p=0.579) in combination with
curcumin was not statistically significant.
Moreover, the intervention effect of aerobic
exercise and curcumin supplement increased
the expression level of CAS3 in female Balb/C
mice receiving doxorubicin treatment after
breast cancer induced by 4T1 cell line;
however, their effect was not statistically
significant (p=0.806).

The main effect of aerobic exercise (p=0.118)
and curcumin supplement (p=0.512) was to
increase the expression level of CAS9 in
female Balb/C mice receiving doxorubicin
treatment after breast cancer induced by 4T1
cell line. However, their effect was not
statistically significant. In addition, the
intervention effect of aerobic exercise and
curcumin supplement increased the expression
level of CAS9 in female Balb/C mice receiving
doxorubicin treatment after breast cancer
induced by 4T1 cell line; however, their effect
was not statistically significant
(p=0.920)(Table 3).

[ DOR: 20.1001.1.17359406.1402.16.2.5.8 ]

[ DOI: 10.30699/ijbd.16.2.67 ]

Table 3: The results of a two-way analysis of variance

Indicator Effect Effect reaction
Aerobic Exercise Curcumin supplement Aerobic exercise and curcumin
supplementation
F =0/318 F =2/081 F =0/062
CAS3 df=1 df=1 df=1
P =0/579 P = 0/165 P = 0/806
F =2/662 F=0/446 F =0/010
CAS9 df=1 df=1 df =1
P=0/118 P =0/512 P =0/920
F = 0/394 F = 0/160 F=1/148
BAX df=1 df=1 df=1
P = 0/537 P =0/694 P =0/297
F=5/112 F=0/313 F =0/015
BCL2 df=1 df=1 df=1
P =0/035" P =0/582 P =0/903
Discussion individually or in combination in female Balb/C

The results of the present study showed that mice receiving doxorubicin treatment could

aerobic exercise and the use of nano-curcumin

16(2):67-83
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effectively prevent apoptosis and fibrosis of
healthy heart cells.

Exercise training increases cardiac antioxidant
enzymes and 72HSP protein and protects cardiac
myocytes from mitochondrial damage caused by
DOX, protease activation, and apoptosis.

Previous studies have shown that exercise training
weakens cardiac disease and cardiomyocyte
apoptosis during DOX injection. It seems that
exercise training increases antioxidant enzyme
activities in the mitochondria of the heart, which
can play a vital role in preventing DOX-induced
ROS and DOX-induced proteases.

Thus, according to previous studies, exercise
training  weakens cardiac  disease  and
cardiomyocyte apoptosis during DOX injection
and prevents cardiotoxicity and apoptosis.
Therefore, exercise training and physical activity
affect DOX-related complications. Curcumin
prevents DNA damage through inhibition of free
radicals and reactive oxygen species.

Curcumin and physical activity increase the level
of mitochondrial antioxidant enzymes against
DOX-induced cardiotoxicity, which can play a
vital role in preventing the release of DOX-
induced mitochondrial ROS and DOX-induced
protease activation.

Although factors such as race, age, gender,
weight, environment, water, food, noise, light-
dark cycle, temperature, and humidity were
controlled, the present study had certain
limitations, such as the lack of control over the
nocturnal activity of the research subjects,
especially the groups received no training and
their possible interference on the research results.

Conclusion

The results of the present study have shown that
aerobic exercise training and the consumption of
nano-curcumin, alone or in combination, during
treatment with DOX, can effectively prevent
cardiac apoptosis and cardiac fibrosis.
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