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Extended Abstract
pf the“@astrointestinal tract, and its
progression is fundamentally influenced by disruptions in apoptoti activation of hypoxia-driven
angiogenesis pathways (Johnson & Fleet, 2013). Dysregulation, o protein/B-cell lymphoma 2

(Bax/Bcl-2) balance contributes to enhanced tumor cell su , e hypoxia-inducible factor-1

angiogenic expansion within the tumor
asis (Spanoudaki et al., 2023). Aerobic exercise

control (HC), sham (SH), sedentary cancer (DS), and cancer with aerobic exercise
and DA groups via weekly subcutaneous injections of 40 mg/kg dimethylhydrazine
hereas the SH group received only the DMH solvent. Tumor induction was confirmed
athological analysis using H&E staining, consistent with established models.

ation, the DA group performed 14 weeks of continuous aerobic treadmill exercise, 5 sessions per
ession, at 60% of the maximal running speed determined individually using an incremental test.
Incremental te ere repeated at weeks 5, 9, and 13 to adjust intensity. Non-training groups were placed on a non-moving

treadmill to control for environmental stress.
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Colon tumor tissues were harvested 24 hours after the final intervention following overnight fasting. RNA extraction (kit

RB1001), cDNA synthesis, and gene expression quantification via RT-qPCR (SYBR Green; StepOnePlus system) were

performed for Bax, Bcl-2, HIF-10l, and VEGF-A. TBP gene was used as the reference gene due to its stability in inflammatory
and cancer models. Primer sequences were validated for efficiency (90—110%) and specificity via melt-curve analysis. All
reactions were performed in technical triplicates.

Statistical analyses included Shapiro—-Wilk, Levene, one-way analysis of variance (ANOVA), and Tukey post-hoc tests. In
addition, Bonferroni correction was applied as a sensitivity analysis. Tumor burden and molecular markers were analyzed as
fold changes relative to HC. The significance level was set at p<0.05.

Findings: DMH administration successfully induced colon tumors in the DS and DA groups, whereas no miacroscopic lesions
were observed in HC and SH animals. Tumor burden indices revealed marked elevations in the

the highest tumor number and total tumor weight. Aerobic exercise markedly attenuated tumo

(p<0.006), with large effect sizes (N?=0.38-0.81). Descriptive statistics and A
in Table 1.

Table 1. Descriptive (MeantSD) and one-way ANOVA results for tu : pptotic, and hypoxia—
angiogenesis marlfers agr's

0

0 6.80+1.40 4.10+1.20 0.001* 0.52

0 0 1.92+0.35 1.21+£0.28 0.002* 0.48
1.00+0.21 0.96+0.24 0.61+0.33 0.89+0.29 0.002* 0.45
1.00+0.18 1.05+£0.27 1.58+0.42 1.21+0.36 0.006 0.38
1.00+0.25 1.12+0.31 2.10+0.55 1.62+0.47 <0.001* 0.74
1.00+0.23 1.18+0.29 2.35%0.61 61 1.74+0.52 <0.001* 0.81

* HC: Healthy control; SH: Sham; DS: Diseaged Wtar&; DA: Diseased with aerobic training; Bax: Bcl-2—associated X

protein; Bcl-2: B-cell ymphoma -10: Hypoxia-inducible factor-1 alpha; VEGF-A: Vascular endothelial growth factor A;

N Eta squared (effect size). * differences at p<0.05 level.
Tukey’s post hoc analysis s 2 5 group had significantly higher tumor number and total tumor weight compared
with HC and SH (p<0.

markers, Bax expr,

c dices were significantly lower in DA compared with DS (p<0.01). For apoptotic
ntly lower in DS compared with HC (p<0.001), while Bcl-2 expression was significantly

.018). For angiogenesis-related markers, HIF-100 and VEGF-A expression levels were
signifi mpared with HC (both p<0.001). In addition, both markers were significantly lower in DA
comparedWi p<0.001).

Conclusion: s of structured aerobic exercise in a DMH-induced rat model of colon cancer resulted in meaningful
molecular and phenotypic improvements. Exercise significantly reduced tumor burden, restored apoptotic signaling through
increased Bax and decreased Bcl-2 expression, and attenuated the activation of the hypoxia-dependent angiogenesis

pathway through reductions in HIF-10l and VEGF-A. The coordinated modulation of these pathways suggests that aerobic
exercise exerts multi-dimensional anticancer effects, consistent with preclinical models proposing enhanced oxygenation,
improved vascular function, and modulation of survival signaling (Ashcraft et al., 2016; Schadler et al., 2016). Although
translation to human applications requires caution, these findings support the integration of structured aerobic exercise as a
complementary non-pharmacological strategy alongside conventional therapies to limit colon tumor progression. Future
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studies should investigate protein-level changes, functional angiogenic outcomes, and individualized exercise-dose
responses to optimize clinical applications.

Keywords: Aerobic exercise, apoptosis, Bax/Bcl-2; hypoxia-dependent angiogenesis, colon cancer.
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Abstract
Background and Aim: Colon cancer is one of the mo
associated with disruption of apoptotic balance and activatiol

ancies of the gastrointestinal tract, and its progression is closely
ypoxia-angiogenesis pathway. Imbalance in the Bax/Bcl-2 ratio and
increased activity of the Hypoxia inducing fator-1 alpha/va r endothelium growth fator-A (HIF-10U/VEGF-A) axis are considered key

cﬂexe e training is recognized as a safe non-pharmacological intervention, the
arpathw; in colon tumor tissue remain insufficiently clarified. The aim of this study

mechanisms supporting the survival of cancer cells. Alth
comparative effects of aerobic exercise on these cul
was to investigate the effect of aerobic exe o] ne expression of selected apoptotic balance factors (Bax/Bcl-2) and the inhibition of

the HIF-10/VEGF-A pathway in thg.colon sue ts with colon cancer induced by dimethylhydrazine. Material and Methods: This

randomly assigned to four groups: healthy control, sham, sedentary diseased, and

experimental study was conducted ?
er w uced by dimethylhydrazine injection, and the exercise intervention was performed for 14

diseased with aerobic exeféige.
weeks. Gene expression levels o a, and VEGF-A in colon tumor tissue were measured using RT-qPCR. Statistical analysis

was performed using one-wa of*riance followed by Tukey’s post hoc test at a significance level of p<0.05. Findings: Induction of

decrease in Bax expression along with significant increases in Bcl-2, HIF-10l, and VEGF-A expression in
). In contrast, compared with the sedentary diseased group, aerobic exercise significantly increased Bax

on cancer increased Bax and reduced Bcl-2 expression (favoring enhanced apoptosis) and also decreased HIF-10 and
n (indicating inhibition of the hypoxia-dependent angiogenic pathway), while simultaneously reducing tumor burden. These
t that aerobic exercise may be considered a potential non-pharmacological strategy for slowing the progression of colon tumors.
Key s: Aerobic exercise; Apoptosis; Hypoxia-dependent angiogenesis, Colon cancer.
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