[ Downloaded from jssu.ssu.ac.ir on 2026-09-21 ]

[ DOI: 10.18502/s5u.v34i5.22296 ]

- Journal of Shahid Sadoughi University of Medical Sciences

Vol 34 |NO 5 | Aug 2026

Original Article

Study of Progressive Swimming Training along with Curcumin on
Angiogenesis Markers in Lung Tissue in Mice Exposed to

Mojtaba Eskandari!

Benzo[A]Pyrene

, Mehrzad Moghadasi®™' "=, Sheida Azarnushan®

! Department of Sport Sciences, Shi.C., Islamic Azad University, Shiraz, Iran
2 Department of Sport Sciences, Zand Higher Education Institute, Shiraz, Iran

>4 Corresponding author:
Department of Sport Sciences,
Shi.C., Islamic Azad
University, Shiraz, Iran

Email:
mehrzad.moghadasi@jiau.ac.ir
Tel: +98 71-36412715

Postal Code: 774731-71987

Received: December 03, 2025
Revised: May 12,2026
Accepted: June 10, 2026

Citation:

Eskandari M, Moghadasi M,
Azarnushan sh. Study of
Progressive Swimming
Training along with Curcumin
on Angiogenesis Markers in
Lung Tissue in Mice Exposed
to Benzo[A]Pyrene. J Shahid
Sadoughi Uni Med Sci 2026;
34(5): 10235-245.

s;;! @g This  work is

licensed under a
Creative Commons Attribution 4.0
Unported License which allows
users to read, copy, distribute and
make derivative works for non-
commercial purposes from the
material, as long as the author of the
original work is cited properly.

Abstract

Introduction: Angiogenesis plays a crucial role in lung cancer progression
by stimulating tumor growth, enhancing tumor invasion, contributing to
metastasis, and modifying immune system responses within the tumor
microenvironment. However, the effects of physical exercise and antioxidant
consumption on the process of angiogenesis in lung cancer remain unclear.
Therefore, this study aimed to investigate the study of progressive swimming
training along with curcumin on angiogenesis markers in lung tissue in mice
exposed to benzo[a]pyrene.

Methods: In this experimental study, 36 male BALB/c mice (aged 8 to 10
weeks) were randomly assigned to healthy (n=6) and experimental groups
(n=30). Following the induction of lung cancer via an injection of 100 mg/kg
of benzo[a]pyrene), the experimental group of mice were further subdivided
into five equal groups (n=6 each): benzo[a]pyrene, sham, swimming training,
curcumin, and combined training + curcumin. Mice in the training and
combined training + curcumin groups underwent a 12-week swimming
exercise protocol three times a week, following the principle of overload.
Groups 4 and 5 received 100 mg/kg of curcumin intraperitoneally daily for
12 weeks. Forty-eight hours after the final training session, the gene
expression levels of VEGF and ET-1 in lung tissue was measured using Real-
Time PCR. Gene expression differences between study groups were
compared using one-way analysis of variance (ANOVA); where significant
differences were observed, Tukey’s post-hoc test was employed to identify
the specific differences. Additionally, the interactive effects of exercise and
curcumin supplementation were examined using two-way ANOVA, followed
by the Bonferroni post-hoc test. Data analysis was performed using SPSS
software (version 16), with the threshold for statistical significance level set
at (p <0.05).

Results: The results indicated that swimming training, curcumin
supplementation, and the combined training + curcumin significantly reduced
the expression of VEGF and ET-1 genes compared to the benzopyrene group
(p<0.05), and the greatest reduction in the expression of VEGF and ET-1
genes was observed in the training + curcumin group (p<0.001).
Conclusion: Based on the obtained results, although swimming exercise and
curcumin supplementation—when administered individually—reduce the
expression of genes associated with lung tissue angiogenesis in
benzo[a]pyrene-exposed mice, the combined use of curcumin and swimming
exercise exerts a significantly greater inhibitory effect on the angiogenic
process in the lung tissue of samples with lung cancer. Further studies are
needed to generalize the results to human population.
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