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ABSTRACT
PURPOSE: To study if the pre-radiotherapy physical activity has radio-protective elements, by measuring the radio-induced activation 
of pro-inflammatory cytokines as interleukin-6 (il-6), transforming growth factor -b (tgf -b), tumor necrosis factor -a (tnf-a) and protein 
beta kinase b (ikkb), through western blotting analysis.
METHODS: A randomized study with 28 Wistar hannover rats, males, with a mean age of 90 days and weighing about 200 grams. The 
animals were divided into three groups: (GI, GII and GIII). GIII group were submitted to swimming for eight weeks (zero load, three 
times a week, about 30 minutes). Then, the groups (except the control group) were submitted to irradiation by cobalt therapy, single dose 
of 3.5 gray in the whole body. All animals were sacrificed by overdose of pentobarbital, according to the time for analysis of cytokines, 
and then a fragment of the lower lobe of the right lung went to western blotting analysis.
RESULTS: The cytokines IKK b, TNF-a and IL-6 induced by radiation in the lung were lower in the exercised animals. However, 
exercise did not alter the radiation-induced increase in tgf-b.
CONCLUSION: The results show a lower response in relation to inflammatory cytokines in the group that practiced the exercise pre-
radiotherapy, showing that exercise can protect tissues from tissue damage due to irradiation.
Key words: Radiotherapy. Radiation Pneumonitis. Pulmonary Fibrosis. Physical Therapy Modalities. Rats.

RESUMO
OBJETIVO: Verificar se a radioterapia pré-atividade física tem elementos de rádio-proteção, medindo-se a ativação de citocinas pró-
inflamatórias como a interleucina-6 (IL-6), fator transformador de crescimento - b (TGF - b), fator de necrose tumoral - a (TNF-a) e 
quinase de proteína beta b (IKK b), por meio da análise blotting ocidental.
MÉTODOS: Um estudo randomizado empregando 28 ratos Wistar Hannover, machos, com idade média de 90 dias e pesando cerca 
de 200 gramas. Os animais foram divididos em três grupos: (GI, GII e GIII). Os animais do grupo GIII foram submetidos à natação 
durante oito semanas (carga zero, três vezes por semana, cerca de 30 minutos). Então, os grupos (exceto o grupo controle) foram 
submetidos à irradiação por cobalto terapia, dose única de 3,5 cinza em todo o corpo. Todos os animais foram sacrificados por overdose 
de pentobarbital, de acordo com o tempo de análise de citocinas, em seguida, um fragmento do lobo inferior do pulmão direito foi a 
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análise de mata-borrão ocidental.
RESULTADOS: As citocinas IKK b, TNF-a e IL-6 induzidas por radiação no pulmão foram menores nos animais que se exercitaram. 
No entanto, o exercício não alterou o aumento induzido pela radiação na TGF-b.
CONCLUSÃO: Os resultados mostraram uma menor resposta em relação às citocinas inflamatórias no grupo que praticou o 
exercício físico pré-radioterapia, evidenciando que o exercício pode proteger os tecidos das lesões teciduais decorrentes da irradiação.
Descritores: Radioterapia. Pneumonite por Radiação. Fibrose Pulmonar. Modalidades de Fisioterapia. Ratos.

Introduction

Esophageal cancer still remains a health threat. This 
type of cancer has had a special attention in the last three 
decades because of the changing of the epidemiological profile 
and increase of the treatment options. Worldwide, the esophagus 
cancer is the sixth leading cause of cancer death, and the survival 
time employing surgical and oncological treatments is very low in 
five years1,2. 

Recently, the therapeutics for such subjects has been well 
studied, including the neoadjuvant therapies3. Esophagectomy 
was the only and the best option for the esophageal cancer for 
decades4. In order to improve the prognosis of esophageal cancer, 
multimodality therapy including surgery, radiotherapy and 
chemotherapy, has been introduced3,4. Advances in radiotherapy 
technique in particular, according to Liao et al.1, allow to reach 
more precisely the tumor volume and preserve the normal tissue, 
with a consequent improvement of the results presented. Radiation 
pneumonitis is a major complication in this type of cancer in 
subjects treated with a definitive radiochemotherapy5. In addition, 
other malignant tumors are inoperable and the radiotherapy is 
the most important treatment modality, such as, for instance, for 
the non-small cells lung cancer (NSCLC) (advanced, located and 
non-operable)6. The lung is the organ with a higher limit dose for 
cancer within the radiotherapy of the chest area7.

As the lung is a very radiosensitive organ, the 
radiotherapy for both esophagus and the lung itself can lead to 
serious complications over 50% of the subjects. The sequel 
typically occurs in two phases: acute inflammatory pneumonitis 
and later pulmonary fibrosis8. Inflammatory cytokines are the key 
to improve and optimize the effects of pneumonitis caused by 
pulmonary radiation7. The clinical symptoms of this pneumonitis 
include dispnea, cough, fever and even death from respiratory 
failure. These symptoms occur about one month after the 
completion of radiotherapy6.

The pro-inflammatory cytokines as interleukin-6 (IL-
6), transforming growth factor b1 (TGF-b1) and tumor necrosis 
factor a (TNF-a) perform a very important role, both directly and 
indirectly, in the pulmonary injury induced by radiation and the 

consequently process of fibrosis9. Schmid et al.10 demonstrated that 
the beta kinase protein (IKK) also plays a role in the inflammation 
and changes in activity and/or regulation of IKKb are found in 
many diseases associated to the acute or chronic inflammation.

Physical exercise reduces the deleterious effects of 
cardiovascular and inflammatory disorders. Currently, the healthy 
lifestyle has been associated with the regular practice of a physical 
activity. Evidence shows that this practice causes the individual 
to have more longevity, in addition to decrease the morbidity 
and mortality grade. Therefore, evidence has shown that a 
regular physical activity exerts protective effects against diseases 
associated to systemic inflammation11.

Exercises that induce the muscle cell injury cause 
a sequence of pro-inflammatory cytokines release, such as: 
TNF-a, IL-1b E IL-6, followed very little by anti-inflammatory 
cytokines, such as IL-10 and IL-111. TNF-a and IL-1b stimulate 
the production of IL-6, which induces the acute phase of the 
inflammatory response11-13.

The objective of this study is to associate the aerobic 
physical activity of Wistar rats to the possible increase in 
cardiopulmonary fitness, in order to verify the potential decrease 
of post-radiation pulmonary injury.

Methods

After the approval by the Ethics Committee on Animal 
Experiments, from the Biology Institute (UNICAMP - Protocol 
number 1349-1), the experimental study included 28 Wistar-
Hannover rats, C3H/HeJ, male, with a mean age of 90 days 
and weighing about 200 grams. The animals origined from the 
Multidisciplinary Laboratory Animals (CEMIB – UNICAMP) 
were kept in the Bioterium of the Associated Colleges of 
Education (UNIFAE - Sao Joao da Boa Vista, Sao Paulo, Brazil) 
in a number of 5 per cage, on sawdust bedding type, with filtered 
and chlorinated water ad libitum, receiving an industrial food 
(Biobase®, Santa Catarina, Brazil), three times a day.

The animals were randomized in three groups, with the 
first group being the control (GI) with 4 animals.

The GII group was subdivided into subgroup GIIa, which 
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was subjected to irradiation and was sacrificed on day 1 after the 
radiotherapy (6 animals) and subgroup GIIb, which was subjected 
to irradiation and was sacrificed on day 7 after the radiotherapy 
(six animals).

The GIII group was subdivided into subgroup GIIIa, who 
performed an aerobic physical activity prior to irradiation and 
was sacrificed on day 1 after the radiotherapy (six animals) and 
subgroup GIIIb, who performed an aerobic physical activity prior 
to irradiation and was sacrificed on day 7 after the radiotherapy 
(six animals).

Physical activity
The animals of GIII were submitted to swimming for 8 

weeks, divided into 3 sessions each, zero load, lasting 30 minutes 
each session in the first week, progressing to 2 minutes each week, 
and the last one reached 44 minutes. The animals remained in glass 
tanks, with 120 x 60 x 120 centimeters (cm) - length, width and 
height, respectively - in size, and containing water supply of from 
Bioterium of the Associated Colleges of Education (UNIFAE), at 
a room temperature.

Irradiation
After the physical training, the animals of group GIII and 

GII, were submitted to the gamma radiation in a telecobalt therapy 
device, from the brand Alcyon II®, with an energy of 1.25 MeV (1 
million of electrons-volts), having a source of 60CO with a yield of 
67.77 cGy/min (centigray by minute), in a field of 10 x 10 cm, at 
a distance of 80 cm from the source, used an isocenter radiation. 
At the time of the exposition to the radiation, the animals were 
placed in wood boxes of 10 x 10 x 10 cm (height, length and deep, 
respectively), with a lid also in wood and internal divisions that 
make possible the immobilization of them and, therefore, with no 
need to anesthesia. They were radiated with the dosage of 3.5 Gy 
(Gray) in the whole body, calculated in the whole body volume, 
with the technique of opposed parallel, in a field of 10 x 10 cm, 
with a source-surface distance of 75 cm and source-point distance 
of calculation of 80 cm.

Western blotting
After the irradiation, all animals were sacrificed by 

overdose of pentobarbital, according to the time for analysis of 
cytokines: within 1 day (GI, n = 2; GIIa, n = 6 and GIIIa, n = 
6) or 7 days (GI, n = 2; GIIb, n = 6 and GIIIb, n = 6) and the 
lungs were removed. A fragment of the lower right lung lobes of 
all animals were removed and were preserved by cooling to -80°C 
for immunoblotting analysis of their respective pro-inflammatory 

cytokines: IL-6, TGF-b and TNF-a and IKKb.

Extraction of tissue and proteic analysis by 
immunoblotting:

The lung fragments from the rats with and without 
radiotherapy were homogenized in extraction buffer, with a 
polytron PTA 20S (Brinkmann Instruments model PT 10/35). This 
buffer is composed of Triton-X 100 1%, TRIS (PH 7.4) 100 mM, 
sodium pyrophosphate 100mM, sodium fluoride 100mM, EDTA 
10mM, sodium orthovanadate 10mM, PMSF 2mM and aprotinin 
0.1 mg/ml, at 4°C.

The samples were subjected to centrifugation (12,000 
rpm at 4°C for 20 minutes) to remove the insoluble material. The 
protein concentration was determined using a spectrophotometer 
reading. After that, the samples received a buffer having DTT 
100mM and heated in boiling water for 5 minutes and were 
subjected to polyacrylamide gel electrophoresis (SDS-PAGE 
6.5%), with the gel being marked by a high-molecular weight 
marker from Bio Rad® (California, USA), containing: myosin (206 
kDa), ß-galactosidase (116 kDa), bovine serum albumin (80 kDa) 
and ovalbumin (49.5 kDa). Electrophoresis was performed in a tank 
of Bio Rad® minigel, with a buffer solution for the electrophoresis 
previously diluted. The SDS-PAGE always subjected to 20 volts 
initially up to the passage through the stacking phase and 100 volts 
until the end of the resolving gel.

The transfer of separated proteins in the gel was 
electrically done to a nitrocellulose membrane, through a device 
also from Bio Rad® for 90 minutes at 120 volts. The membranes 
with transferred proteins were incubated in a blocking solution 
(skimmed milk Molico® - Sao Paulo, Brazil) 5%, Tris 10mM, NaCl 
150mM and Tween 20 0.02%) for two hours at room temperature. 
After washed in a baseline solution, these membranes were then 
incubated with specific antibodies. Kept at 4°C overnight under a 
continuous stirring, the membranes were again washed with the 
baseline solution. Then, the membranes were incubated with 60 
ml of protein A labeled with 125I for two hours at room temperature 
and washed again.

The protein A labeled with radioactive iodine binds to 
antibodies and can be detected and viewed in autoradiographs using 
intensifiers, and kept at -80°C for 12 to 48 hours. Once identified, 
the bands of autoradiographs proceeded to the reading by optical 
densitometry. Since then, it was executed the analysis of data, by 
comparing the control animal tissue to the other under experiment, 
on such a way that there always were an intra-experiment control. 
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Statistical analysis
All numeric data were expressed as mean + SEM of 

the indicated number of experiments, except the control data 
(control group). The results of the blots were expressed as direct 
comparisons of bands or spots in autoradiographs and quantified 
by optical densitometry (Scion Image). The statistical analysis was 
performed through the ANOVA test with Bonferroni post test, and 
the level of significance was pre-fixed at p<0.05.

Results

For all cytokines studied, no significant difference 
occurred between the groups GIIa and GIIIa, i.e., in the first day 
post-irradiation, in relation to the group GI (control).

Regarding IKKb, there was a greater expression of such 
protein in GIIb, followed by GIIIb. There were a statistically 
significance (p<0.05) of GIIb in relation to GI, as well as the 
GIIIb in relation to GI and also of GIIIb in relation to GIIb. This 
means that the IKKb showed a greater response in the 7th day 
post-irradiation, regardless the physical activity or otherwise, in 
relation to the 1st day. However, the increase in IKKb in the 7th day 
post-irradiation in Group IIIb was significantly lower in relation 
to the Group IIb.

The expression of TNF-a showed the same pattern of 
cytokine IKKb, i.e., the expression of TNF-a in the GIIb and 
GIIIb had similar statistical significance both in relation to the GI 
and in the GIIb.

There was a statistical significance in relation to IL-6 
(p<0.05) of GIIb compared to GI, as well as GIIIb compared to 
GIIb. It means that there was a greater expression statistically 
significant of IL-6 in the 7th day post-irradiation, in addition to 
the group that only performed irradiation compared to the control 
group, as the group in the 7th day that performed irradiation + 
physical activity in relation to group of the 7th day post-irradiation 
only.

Regarding TGF-b, there was a statistical significance 
of GIIb and GIIIb in relation to GI, but there was no statistical 
significance between the groups GIIb and GIIIb, i.e., there was no 
difference between them as there was to the other proteins.

The records of the tissue expression of cytokines studied 
can be seen in Figure 1.

FIGURE 1 - (A) Imunoblotting of pIKKb. (B) Imunoblotting of TNF-a. 
(C) Imunoblotting of IL-6. (D) Imunoblotting of TGF-b. C: control group 
(GI). 1st day: IR: sacrifice of the group that performed only irradiation 
(GIIa) and IR E.g.: sacrifice of the group that performed irradiation and 
physical activity (GIIIa). 7th day: IR: sacrifice of the group that performed 
only irradiation (GIIb) and IR E.g.: sacrifice of the group that performed 
irradiation and physical activity (GIIIb).

Discussion

Triboulet and Mariette14 emphasized that patients with 
advanced esophageal carcinoma should be given the combination 
therapy in order to extend the survival time. Hermann et al.15 
concluded that neoadjuvant radiochemotherapy may resolve the 
clinical stage of the tumor and increase the rate of resection. Other 
studies showed that the radiochemotherapy improves the quality of 
life postoperative and extend the survival time, but also increases 
the risk of complication and mortality in the medium term16.

This study examined the expression of some pro-
inflammatory cytokines in the pulmonary tissue, such as IL-6, 
TNF-a, TGF-b and IKK in the Wistar rat lungs after the aerobic 
physical training in a group, followed by a single dose irradiation 
of the whole body, with a subsequent sacrifice at 1 and 7 days, 
respectively.

The elevation of pro-inflammatories cytokines TNF-a 
and IL-6 showed the same pattern in order to irradiation and 
physical exercise, in the animals sacrificed at the 7th day post-
irradiation, as well as IKKb. Such expression increased was lower 
in all cytokines, including TGF-b, in relation to the groups that 
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also performed physical activity in the 7th day post-irradiation. 
IKKb showed the same behavior. Rübe et al.17, in similar studies 
on the exposure of mice to 12 Gy irradiation, showed a significant 
increase in radiation-induced TNF-a in the 1th day post-irradiation, 
in contrast to our study. However, must be considered the high 
dose of irradiation applied to animals, which had about 20 grams 
of weight.

The results of increased IL-6 suggests a correlation 
between the development of pneumonitis after irradiation in lung 
inflammation as it becomes increasingly pronounced in a few days 
after lung injury, since that IL-6 is synthesized by a variety of cells 
in the lung parenchyma, including alveolar macrophages, type 
II pneumocytes, T lymphocytes and lung fibroblasts18. Despite 
the post-irradiation pneumonitis, Chen et al.19 demonstrated the 
exclusion of much evidence contained in several studies of such 
lung injury, reported between 45 and 75% of cases.

Sriwijitkamol et al.20 related that acute physical activity 
in experiments with humans was efficient in blocking via IKK/
NFkappab. In addition, this lock prevents NFkappab start the 
transcription of proinflammatory proteins such as TNF-a. In our 
study a similar result in relation to the IKK in the 7th day post-
irradiation, with increasing evidence of its lower expression, when 
performed physical activity, even if it is chronic.

Increased expression of TGF-b was only statistically 
significant groups of 7th day post-irradiation compared the control 
group. This may be explained by the fact that TGF-b participate in 
the process of fibrosis, which occurs at a later stage (beyond seven 
days) tissue repair. The predictive value of TGF-b1 in pulmonary 
toxicity was first reported by Anscher et al.21 in patients with 
advanced breast cancer treated with high doses of chemotherapy 
and the bone marrow transplant. Fu et al.22 also concluded that 
elevated plasma levels of TGF-b1 to the end of radiation therapy 
in humans is an independent risk factor for lung injury.

There was no statistically significant difference in the 
expression of cytokines measured in the study on the 1st day post-
irradiation. This fact may be justified due to the short time for the 
change of the expression of such proteins, which become changed 
quantitatively in a period greater than 24 hours, mainly TGF-b, 
in addition to the irradiation dose not being significantly high. 
These findings are similar to those of Mattos et al.23 and contradict 
others, such as Rübe et al.17.

 The NF-kappa b is an essential factor in chronic and 
acute inflammation, according to Schmid and et al.10 and Lixuan 
et al.24, and plays an important role in the inflammatory response, 
reinforcing the findings already cited on the protein.

The literature shows several studies about physical 

activity. However, some of them correlate the benefits of the 
physical practice to the pulmonary and systemic deleterious 
effects of radiotherapy.

According to Colbert et al.25, many researchers have 
examined the effects of exercise in the blood flow in humans, 
by quantifying the inflammatory cytokines. Typically, the 
concentration of plasma IL-1b does not tend to increase with 
exercise. However, a prolonged or a high-intensity exercise has 
increased the plasma concentration of TNF-a and IL-6, with peaks 
reached up to 2 hours after the exercise. Particularly, these other 
studies have already demonstrated an association between the 
eccentric exercise and exhaustion and induction of IL-626. Studies 
involving moderate exercise suggesting that the inflammatory 
response is dependent on other variables27.

Although many inflammatory cytokines were evaluated 
through the circulation, the expression of these proteins in tissues 
require further studies, especially in low-intensity physical 
exercises. In addition, it is speculates about other potential ways 
of cytokine production in response to this practice, which are not 
directly associated to skeletal muscle injury25.

It is speculated that the physical activity may have 
contributed significantly to what was the increase of cytokines 
TNF-a, IKKb and IL-6 in the lung, as a response to the aerobic 
physical conditioning and pulmonary adaptation to the new 
ventilatory condition.

Oliveira et al.28 studied the effects of acute and chronic 
exercise on insulin sensitivity in obese mice. The exercise protocol 
included chronic swimming for eight weeks, with progressively 
increasing load greater than 5% of body weight. In our study the 
objective was mainly to improve cardiorespiratory fitness. So, 
progressive loads were not used. Moreover, an analogy must be 
made of training animals to impaired patients with thoracic tumor, 
for the purpose of the study. Some studies also show that the 
relationship of the effects of physical activity with an overload 
and short recovery period on the pro-inflammatory cytokines is 
still unknown29.

Ropelle et al.30 demonstrated that the physical 
activity suppresses the excess of appetite and the hypothalamic 
activation of IKKb/NF-kappab by a mechanism dependent on 
the proinflammatory cytokine IL-6. Excessive food intake leads 
to hypothalamic activation of IKKb and endoplasmic reticulum 
stress, leading to the central resistance to insulin and leptin, 
excessive appetite and obesity. The physical activity performed 
in an experimental model with rats C3H/HeJ, increased the 
central anti-inflammatory response, with an increased expression 
of IL-6 and IL-10. It was postulated that there is a reduction 
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of the hypothalamic activation of IKKb and the endoplasmic 
reticulum stress, restoring the production of insulin and leptin, and 
rearranging the nutritional balance.

The usage of the immunohistochemistry method for the 
assessment of the pulmonary proinflammatory cytokines, as well 
as the method used in this study (Western blotting), has been used 
for a long time successfully31-33. The usage of peripheral blood 
to evaluate the expression of such cytokines was not effective, 
such as, for instance, the studies performed by Morita et al.34 and 
Sakamoto et al.35.

In our study, it was used a cobalt therapy for the 
execution of the radiotherapy. Due to the fact that we deal about 
small animals and the need to irradiate tissue not too deep, Co-60 
appears to be more indicated for the usage of the linear accelerator 
machine.

Studies show that the simplicity of the cobalt units gives 
them the advantage of an easy maintenance, reduced and with a 
low cost, when compared to the linear accelerators36.

The advantages of the cobalt therapy, as its low cost and 
maintenance, are well known in the community of radiotherapy. 
It is considered one of the basis of the health care, because it is 
simple and economical and, despite complex techniques are being 
explored and some departments are abandoning the usage of cobalt 
therapy for these more sophisticated techniques, their advantages 
prevail and still makes it exceptional for the rehabilitation36. 

The graduation of the radiation dose is frequently limited 
by the tolerance to radiation of normal tissues. The pulmonary 
parenchyma itself is the most important dose-limit for radiotherapy 
in tumors in the thoracic region37. The graduation of the dose, 
however, also leads to an excessive exposure of organs at higher 
risk, such as lung, heart, esophagus and spinal cord. Esophagitis 
that occurs in less than 90 days after initiation of treatment is a 
common side effect of patients undergoing radiotherapy for 
thoracic tumors38.

Clinical studies have shown that the irradiation dose in 
the lower pulmonary regions is more associated to the pulmonary 
injury than the dose of irradiation applied to the upper pulmonary 
regions39,40. Other studies, such as Hope et al.41, found that the 
incidence of pneumonitis is higher in subjects with tumors of the 
lower lobes. However, Kocak et al.39, in a study, conclude that 
this pulmonary regional variable deserves further investigations. 
A number of researches performed by other groups did not find 
different rates of pneumonitis based on the tumor location42,43. 

It is necessary to establish the relationship between the 
dose of radiation used in animals and humans. Although there 
are few studies on the issue44, in a study where mice received 

higher doses (10 to 18 Gy) radiotherapy than that used in the 
present study, it was found increased lung density by computed  
tomography besides the death of animals after a dose of 15 Gy. It 
was not the purpose of this study lead to organic weakness or even 
death in animals in question, so the use of lower doses (3,5 Gy). 
Typically, the dose of irradiation in the thoracic region in humans 
is about 40 to 65 Gy3,45.

Ysayama et al.46 performed a study with the purpose to 
assess the benefits of the pre-operative respiratory muscle training 
in patients undergoing esophageal surgery. The results obtained 
suggest that the pre-operative conditioning is of great importance 
in the obtaining of a pulmonary improvement, increasing the 
respiratory muscle strength and endurance and, consequently, a 
shorter hospital stay. 

The respiratory physiotherapy has been mentioned as a 
conduct that reduces the incidence of postoperative pulmonary 
complications of open surgery47. In the study, such authors had 
as a purpose to assess the effects of respiratory physical therapy, 
among other effects, in subjects who underwent a subtotal right 
transthoracic esophagectomy for esophageal carcinoma of 
squamous cells and concluded that postoperative respiratory 
physical therapy plays an important role to reduce such 
complications. They also concluded that, in addition to physical 
therapy, systemic exercises also contributed to the satisfactory 
results. It is important to emphasize the lack of studies that 
mention the importance of respiratory physical therapy associated 
to esophageal and lung resection, and even the lack of studies 
in relation to the lung injury caused by radiotherapy (either 
pulmonary or esophageal cancer)47.

Conclusion

The pre-radiotherapy physical activity has radio-
protective elements, by measuring the radio-induced activation of 
pro-inflammatory cytokines as IKKb, TNF-a and IL-6. 
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