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The effect of moderate-intensity aerobic training on serum
levels of TNF-α and IL-6 in rats undergoing radiotherapy
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Abstract
Background and aims: One of the main potential problems of radiotherapy (RT) in breast cancer is the increase in treatment-related
inflammation. This study aimed to investigate the effect of eight weeks of moderate-intensity aerobic training (AT) on serum levels of tumor
necrosis factor α (TNF-α) and interleukin-6 (IL-6) in rats undergoing RT.
Materials and Methods: In this experimental study, 32 male rats were randomly divided into four groups of eight members including (1)
healthy control (C), (2) AT, (3) RT, and (4) AT + RT groups. Rats were first anesthetized with ketamine-xylazine solution (K, 60-90 kg/mg;
Z, 6-10 kg/mg) and then located on a Plexiglas plate with a thickness of 1 cm. Photon beam RT was performed using X-rays with a dose
of 11 Gy from an Elekta compact linear accelerator (Elekta Compact 6-MV China). AT program was performed for eight weeks, five days a
week, and one session a day for 60 minutes (70-75% of VO2max). Afterwards, one-way ANOVA was run to examine the research variables.
Results: According to the results, TNF-α was significantly higher in the RT group compared to the C group (P = 0.003), whereas IL-6 levels
were significantly lower in the AT + RT group compared to the RT group (P = 0.001) and the C group (P = 0.027). Further, the levels of this
cytokine were significantly lower in the AT group compared to the RT group (P = 0.006) and similarly in the RT group compared to the C
group (P = 0.03).
Conclusion: RT led to an increase in pro-inflammatory cytokines; however, performing AT could only significantly reduce the IL-6 levels.
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Introduction
Systemic inflammation is a risk factor for cardiovascular
diseases and is considered the most common disorder and
outcome of cancer treatment. Today, more than half of
cancer patients receive radiotherapy (RT) treatment (1).
RT is one of the main therapeutic methods used alone
or in combination with other treatments. This method
is invasive and not only eliminates cancer cells but also
damages normal cells (2). Cardiac problems caused by RT
are among the most significant potential problems of this
treatment in breast cancer, affecting all three parts of the
pericardium, myocardium, and coronary arteries (3).
Mild accumulation of pericardial fluid is the most
prevalent type of complication after RT (4). Tumor
necrosis factor α (TNF-α) is a proinflammatory factor
involved in the local and systemic inflammation and
also in the early stages of atherosclerosis until complete
vessel occlusion. TNF-α stimulates the production of
the membrane-bound interleukin-6 (IL-6) receptor
(mIL-6R) in the endothelium, smooth muscle cells, and
macrophages, leading to atherosclerotic plaque rupture

and potential acute coronary syndrome (5). Some studies
displayed a significant relationship between increased
levels of TNF-α and the incidence of myocardial infarction
(6). For example, Xu et al reported that TNF-α sensitized
chemotherapy and RT against breast cancer cells (7).
On the other hand, IL-6 is part of a complex mixture of
some chemokines and cytokines in the microenvironment
of the tumor. IL-6 acts via mIL-6R or by binding to the
receptor (8). In the classical pathway, IL-6 was shown
to bind to mIL-6R, which is mainly confined to a small
number of cells and is responsible for homeostatic
processes, acute phase response, and hematopoiesis (9).
RT can also affect IL-6 levels. In this regard, Xu et al
reported an increase in IL-6 in samples receiving RT (10).
On the other hand, research has substantiated that
regular exercise training (ET) has anti-inflammatory
effects and thereby reduces the risk of heart disease (11).
When levels of Interleukin 10 in the heart tissue increases,
the TNF-α levels decrease as a result of ET, leading to
reduced fibrosis and improved cardiac function (12). In
addition, it has been demonstrated that aerobic physical
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activity can reduce the expression of the TNF-α gene
expression in breast cancer in mice (13). However, Sprod
et al did not report any significant changes in TNF-α
because of ET in RT groups (14). According to the results
obtained from some studies, regular aerobic training (AT)
can also reduce the levels of proinflammatory cytokines
such as IL-6 in tumor tissue (15). However, there are no
definite results regarding the effects of ET on IL-6 and
TNF-α levels in samples undergoing RT. Overall, given
the possible effects of RT on IL-6 and TNF-α levels and
also the lack of previous results on the effect of aerobic
exercise on IL-6 and TNF-α levels in samples undergoing
RT, the present study aimed to evaluate the effect of eight
weeks of AT on serum levels of TNF-α and IL-6 in rats
undergoing RT.
Materials and Methods
Study design
This experimental study was conducted on 32 male rats in
the Animal Breeding Center at Arak University of Medical
Sciences. Rats were kept in 12 hours of light followed by 12
hours of dark conditions within the temperature range of
23°C with free access to water and food.
Accordingly, 32 rats were randomly divided into the
following 4 groups with 8 members: (1) C group, which
did not exercise during the study period and received
no RT, (2) AT group, which performed AT for 8 weeks,
(3) RT group, which underwent RT according to the
protocol mentioned below, and (4) AT + RT group, which
performed AT for 8 weeks and underwent RT (Figure 1).
Radiotherapy
Rats were first anesthetized with ketamine-xylazine
solution (K, 60-90 kg/mg; Z, 6-10 kg/mg) and then
located on a Plexiglas plate with a thickness of 1 cm. This
plate was finally placed on a plate with the same material
and a thickness of 2 cm, which was under the device. A
plate with a thickness of 1 centimeter was located at a
distance of 2 cm from the rat’s chest to achieve mpp = 3
cm. The distance of the source to the top Plexiglas plate

was considered 100 cm. The dose of 11 Gy was selected
according to other studies in this field. Photon beam RT
was performed using X-rays with a dose of 11 Gy from an
Elekta compact linear accelerator (Elekta Compact 6-MV
China) at the RT center of Khansari hospital in Arak
province, Iran (16).
Aerobic training protocol
A moderate-intensity aerobic exercise program was
performed on rodents’ treadmill for eight weeks, five days
a week, and one session per day for 60 minutes between 8
and 12 in the morning at different speeds. After complete
adaptability, the animals were placed on a treadmill with
a zero-degree incline for the first week and walked at a
speed of 15 meters per minute for 15 minutes (to adapt
to performing training protocol). During the second to
fifth weeks of training, the running speed on the treadmill
increased gradually to 28 meters per minute, equivalent to
70%-75% of the maximum oxygen consumption. Overall,
the training had moderate intensity (8.4 km/wk). At the
end of the training program, the speed inversely reduced
to reach zero and cool the device (17).
Blood samples (5 cc) of the rats were taken 24 hours
after the last training session. After blood sampling and
clotting, the samples were centrifuged whereby their
serum was extracted at 3500 rpm for 10 minutes and
stored at -70°C for measurement. Serum levels of TNF-α
and IL-6 were measured using ELISA Kits (Eastbiopharm
Company) for rats (made in China and licensed in the
USA) according to the manufacturer’s instructions.
In this study, the Shapiro-Wilk test was used to
investigate the normal distribution of data. Analysis
of variance (ANOVA) and Tukey’s post hoc test were
also conducted to examine the research variables. All
investigations were performed at the P≤0.05 level using
SPSS software version 21.
Results
According to the results, the data had a normal distribution,
hence parametric tests were used (Table 1). The results of
one-way ANOVA represented a significant difference in
the levels of TNF-α among the groups (P = 0.004, F = 6.02,
eta squared = 0.745). The results of Tukey’s post hoc test
also revealed significantly higher levels of TNF-α in the RT
group compared to the C group (P = 0.003); nonetheless,
no significant difference was reported among the other
groups (Table 2, Figure 2).
Table 1. Marker levels in all groups
AT+RT

RT

AT

C

Mean ± SD

Mean ± SD

Mean ± SD

Mean ± SD

TNF-α
(pg/mL)

54.93±15.37

70.66±10.68

59.76±14.78

39.73±9.37

IL-6 (pg/
mL)

112.58±28.79

174.46±7.81

137.26±10.21 143.7±11.93

Markers

Figure 1. Schematic diagram of different groups.
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Note. SD: Standard deviation; TNF-α: Tumor necrosis factor α; IL-6:
Interleukin-6; C: Healthy control; AT: Aerobic training; RT: Radiotherapy; AT
+ RT: Aerobic training with undergoing radiotherapy.
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Table 2. Tukey’s post-hoc test results for TNF-α and IL-6
Group

AT+RT
TNF-α
AT
RT

AT+RT
IL-6
AT
RT

Mean
difference

SD

P value

AT

-4.83

7.39

0.99

RT

-15.73

7.39

0.27

Group

C

15.2

7.39

0.32

RT

-10.9

7.39

0.93

C

20.03

7.39

0.081

C

30.93

7.39

*

AT

-24.68

9.73

RT

-61.88

9.73

*

C

-31.12

9.73

*

RT

-37.19

9.73

*

C

6.43

9.73

0.99

C

30.75

9.73

*

0.003
0.11
0.001
0.027
0.006

0.03

Note. TNF-α: Tumor necrosis factor α; IL-6: Interleukin-6; C: Healthy
control; AT: Aerobic training; RT: Radiotherapy; AT + RT: Aerobic
training with undergoing radiotherapy; SD: Standard deviation;
*
Significant by Tukey’s post-hoc test.

Further, the results of the one-way ANOVA statistical
test demonstrated a significant difference among the
groups in terms of IL-6 levels (P = 0.001, F = 13.67, eta
squared = 0.672). Accordingly, the results of the Tukey
post hoc test showed significantly lower IL-6 levels in the
AT+RT group compared to the RT group (P = 0.001) and
the C group (P = 0.027). In addition, there was a significant
difference in terms of IL-6 levels between the AT group
and the RT group (P = 0.006), as well as between the RT
group and the C group (P = 0.03, Table 2, Figure 3).
Discussion
The results of this study showed a significant difference
in the TNF-α levels between the RT group and the C
group (P = 0.003); however, no significant difference was
observed among other groups. In other words, exercise
had no significant effects on TNF-α in neither the C nor
RT groups. In this regard, Wu et al also demonstrated high
sensitivity of TNF-α to RT (18). Likewise, Di Maggio et
al reported an increase in TNF-α among RT samples in a
review study (19).
Studies evidenced that cardiac stressors such as
changes in hemodynamic load or lack of oxygen led to
cardiac damage, and they were activated in response to
proinflammatory cytokines such as TNF-α as the first step
in the defense mechanism. Heart tissue regeneration is
primarily promoted by anti-inflammatory cytokines (20,
21). However, as TNF-α inhibits the function of adrenergic
B receptors, it can disable these receptors to respond to
sympathetic stimuli and inhibits cardiac responses through
alterations in vascular mechanical demand (22). Reduced
B-adrenergic receptor response can lead to a feedback
increase in sympathetic hormones, which in turn results
in a feedforward increase in pro-inflammatory cytokine
TNF-α, leading to a self-perpetuating cycle that is now
independent of pro-and anti-inflammatory response

(20,21,23). Currently, this cycle of increased TNF-α
inhibits B-adrenergic receptors, resulting in feedback and
feed-forward cycles with subsequent deleterious signaling
mechanisms, which underlie cardiac hypertrophy,
deleterious regeneration, and heart failure (24). Cancer
and radiation therapy seem to increase TNF-α.
RT can induce a multilayer signaling response in
mammalian cells by activating several pro-survival
pathways that converge to transiently activate main
transcription factors. This multilayer signaling response
involves nuclear factor kappa B (NF-κB) and signal
transducers and activators of transcription (STATs).
Together, these transcription factors activate a wide range
of genes involved in the regulation of inflammation,
apoptosis, invasion, and angiogenesis pathways, which
lead to tumor cell radio-resistance (25,26).
NF-kB plays a key role in immune and inflammatory
responses due to the regulation of the expression of proinflammatory cytokines and chemokines (i.e., TNF-α,
IL-1, IL-2, and IL6). RT can activate NF-κB through the
mutated protein of ataxia telangiectasia or DNA-PK,
potentially by using the MEK/ERK/p90 pathway (19).
Although the ET was supposed to reduce TNF-α, no
significant changes were reported. The results of the
present study were consistent with the findings of Sprod
et al (14) who did not report any significant changes in
TNF-α due to ET in RT groups. However, Monazzami et
al reported that AT can be an effective way to improve
hormone levels and the TNF-α/IL-12 ratio in patients
with breast cancer (27). Training intensity seems to be
the reason for the insignificant changes in TNF-α in the
present study.
The results of the present study also suggested a
significantly lower IL-6 level in the AT+RT group
compared to the RT group and the C group. Furthermore,
with regard to IL-6 levels, significant differences were
observed between the AT group and the RT group as well
as between the RT group and the C group (P = 0.03).
Wu et al et al reported no increase in IL-6 in samples
undergoing RT (7) while Bower et al proved its significant
increase (28). In the same fashion, Xu et al reported that

Figure 2. TNF-α levels. Note. TNF-α: Tumor necrosis factor α;
IL-6: Interleukin-6; C: Healthy control; AT: Aerobic training;
RT: Radiotherapy; AT + RT: Aerobic training with undergoing; *
Significant compared with C.
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Conclusion
According to the results of this study, RT led to an
increase in some pro-inflammatory Cytokines levels.
However, moderate-intensity aerobic exercise only led
to a significant reduction in IL-6 and had no significant
effects on TNF-α levels. One of the limitations of the
present study was that the amount of mir-21, NF-KB, and
IL2 were not measured.

Figure 3. IL-6 levels. Note. TNF-α: Tumor necrosis factor α;
IL-6: Interleukin-6; C: Healthy control; AT: Aerobic training;
RT: Radiotherapy; AT + RT: Aerobic training with undergoing
radiotherapy; SD: Standard deviation; * Significant compared with
C; # Significant compared with RT.v

increased serum IL-6 and soluble IL-6 receptors in breast
cancer patients after RT were correlated with proportions
of immune cells (10). High concentrations of IL-6 were
associated with an increased risk of a heart attack in
healthy men. In addition, IL-6 and its receptor levels had
an early peak in the acute phase of myocardial infarction,
possibly due to plaque instability (29). The association
between high concentrations of IL-6 and some cardiac
disorders (e.g., endothelial dysfunction, arterial stiffness,
and coronary atherosclerosis) has also been documented
(30).
Different factors such as growth factors in the cellular
environment (e.g., PGE2, NF-KB, IL-1β, and low O2),
lack of STAT3 inhibitors, and an increase in their active
receptors resulted in an increase in the secretion of IL-6
in the tumor environment. A microRNA (miRNA) has a
paracrine function, which contributes to the effect of the
positive feedback loop on the IL-6/JAK/STAT cascade.
Colon-derived dendritic cells secrete 29b and miRNA-21,
which leads to the production of IL-6, which in turn
increases miRNA secretion. miRNA binds to the TLR8
receptor in immune cells and, while increasing the attack
on tumor cells in vitro, produces IL-6 as well as other
cytokines (31).
The results of the present study proved that AT could
significantly reduce IL-6. Bianchi et al (32) and Donatto et
al (33) reported that since factors such as NF-KB, PGE2,
and hypoxia were involved in IL-6 activation, exercise
may be effective in reducing IL-6. In this regard, Liu et
al found that moderate-intensity endurance training
could significantly reduce NF-KB in diabetic rats (34).
In the same vein, Valenti et al reported a decrease in IL-1
antagonist receptors in tumor tissue. Likewise, Lira et al
reported a decrease in PGE2 in rat cancer cells as a result
of moderate-intensity aerobic exercise. Valenti et al also
demonstrated that endurance exercise led to a decrease
in mir-21 expression (35,36). Similarly, Khori et al also
evidenced that endurance exercise could reduce mir-21 in
tumor tissue (37).
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