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Abstract

: Despite its widespread use in cancer treatment,
doxorubicin induces lung inflammation and tissue damage by increasing TNF-a
levels and activating NF-kB. On the other hand, swimming has been shown to
reduce inflammation and improve tissue condition. This study aimed to investigate
the effect of swimming exercise on TNF-a and NF-kB levels in the lung tissue of
male Wistar rats treated with doxorubicin.

: In this experimental study, 24 adult male Wistar rats
weighing 230 to 280 grams were randomly assigned into four groups of six: Group
1: resting control (C), Group 2: swimming control (SC), Group 3: doxorubicin
resting (DR), and Group 4: doxorubicin swimming (DS). Doxorubicin (EBEWE
Pharma, Austria, purity > 98%) was administered intraperitoneally once weekly for
6 weeks (total of 6 injections) at a dose of 5 mg/kg body weight. All swimming
sessions were performed 24 hours after injection. The swimming training protocol
lasted 6 weeks, 5 sessions per week. Water temperature was 35 + 1°C, water depth
40 cm, and ambient temperature 23 £ 1°C. After each session, animals were dried
at room temperature for 15 minutes. The last training session was performed 48
hours before tissue sampling, and the last injection was performed 72 hours before
tissue sampling. SPSS-22 was used for statistical analysis using one-way ANOVA
and Tukey's post hoc test.

: NF-«kB levels in Group 4 (doxorubicin + swimming - DS) were
significantly lower than those in Group 1 (resting control - C), Group 3
(doxorubicin resting - DR), and Group 2 (swimming control - SC) (p<0.01). Also,
TNF-a levels in Group 4 (DS) were significantly lower than those in Groups 1 (C),
3 (DR), and 2 (SC) (p<0.01).

: Swimming exercise combined with doxorubicin administration has a
significant effect on reducing inflammatory factors (TNF-a and NF-«B).
Therefore, exercise is recommended as an anti-inflammatory intervention.
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The effect of swimming and doxorubicin administration on certain ...

INTRODUCTION

Doxorubicin, as an effective drug in the
chemotherapy of various cancers, despite its
high efficacy, faces limitations in clinical use
due to the induction of inflammation and tissue
damage in organs such as the lungs. This drug
increases the production of reactive oxygen
species and activates inflammatory pathways,
including nuclear factor kappa B (NF-xB) and
tumor necrosis factor-alpha (TNF-a), leading to
inflammatory responses and apoptosis in
healthy tissues. On the other hand, regular
physical activity, especially swimming, due to
its anti-inflammatory and antioxidant effects,
can be effective in reducing the side effects
caused by chemotherapy drugs. Given the lack
of studies investigating the concurrent effect of
swimming exercise on doxorubicin-induced
pulmonary inflammation, this study aimed to
determine the effect of swimming training on
the levels of TNF-a and NF-kB in the lung
tissue of male Wistar rats treated with
doxorubicin.

METHODOLOGY

In this experimental study, 24 adult male
Wistar rats weighing 230-280 grams were
randomly divided into four groups of six:
Group 1: Resting Control (C); Group 2:
Swimming  Control (SC); Group 3:
Doxorubicin Resting (DR); and Group 4:
Doxorubicin  Swimming (DS). Doxorubicin
(EBEWE Pharma, Austria, purity > 98%) was
administered once a week for 6 weeks (a total
of 6 injections) at a dose of 5 mg/kg body
weight via intraperitoneal injection. All
swimming training sessions were performed 24
hours after the injection. The swimming
training protocol lasted 6 weeks, with 5
sessions per week, with a gradual increase in
duration from 30 minutes in the second week to
60 minutes in the fifth and sixth weeks. The
water temperature was 35 + 1°C, water depth
was 40 cm, and ambient temperature was 23 *
1°C. The last training session was performed
48 hours before tissue collection, and the last
injection was performed 72 hours before tissue
collection. NF-kB levels were measured using
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the Western blot method, and TNF-a levels
were measured using the ELISA method.
Statistical analysis was performed using SPSS-
22 software and one-way ANOVA followed by
Tukey's post hoc test. The significance level
was set at p < 0.05.

RESULTS

The results showed that NF-xB levels in group
4 (Doxorubicin + Swimming - DS) were
significantly lower than in group 1 (Resting
Control - C), group 3 (Doxorubicin Resting -
DR), and group 2 (Swimming Control - SC) (p
< 0.01). Also, TNF-a levels in the DS group
were significantly reduced compared to all
three groups C, DR, and SC (p < 0.01). The
NF-kB level in the DS group was 0.151 + 2
ng/mL, showing a significant decrease
compared to group C (0.115 + 6.103), group
DR (0.127 + 5.173), and group SC (0.151 +
3.246). Furthermore, the TNF-a level in the DS
group (0.335 * 3.771 ng/mL) was significantly
lower than in group C (0.769 + 9.473), group
DR (0.337 + 5.823), and group SC (0.221 +
4.336). Groups receiving either doxorubicin or
swimming alone also showed a significant
decrease in both inflammatory markers
compared to the control group (p < 0.01).

DISCUSSION and CONCLUSIONS

The findings of this study demonstrated that
swimming training combined with doxorubicin
administration effectively reduces the levels of
TNF-o and NF-«B in the lung tissue of Wistar
rats. This reducing effect was more pronounced
when compared to groups receiving either
doxorubicin or swimming alone. Possible
mechanisms of this protective effect include
increasing the antioxidant capacity of cells,
improving mitochondrial function, inhibiting
phosphorylation and nuclear translocation of
NF-«B, and consequently reducing the
expression of pro-inflammatory cytokines such
as TNF-a. These results are consistent with the
findings of previous studies that have
confirmed the anti-inflammatory effects of
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regular exercise. Since doxorubicin-induced
pulmonary inflammation is one of the limiting
complications of this drug, swimming exercise
appears to be an effective and safe non-
pharmacological strategy to reduce the
inflammatory side effects of chemotherapy.
However, there are limitations, including a
small sample size, short intervention duration,
lack of investigation of other inflammatory
factors, and the study being conducted on an
animal model, which necessitates caution in
generalizing the results to human beings. It is
recommended that future studies be conducted
with larger sample sizes, longer intervention
periods, a broader range of inflammatory and
apoptotic markers, and subsequently in human
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models. In general, combining regular exercise
with drug therapy could be a valuable
complementary strategy to improve the
inflammatory status and reduce doxorubicin-
induced tissue toxicity.
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