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Abstract. Radiation pneumonitis is a clinical problem 
with a high incidence. Once the onset of radiation pneumo-
nitis has occurred, the administration of antioxidants and 
anti‑inflammatory agents is the most commonly used method 
of clinical treatment. Quercetin (Que) is a common flavonoid, 
with potent anti‑inflammatory and anti‑oxidant activities. In 
the present study, the therapeutic effect of inhaled Que on radi-
ation‑induced radiation pneumonitis in rats was investigated. 
Treatment with Que via inhalation was shown to increase 
the number of leukocytes and erythrocytes in the blood, and 
reduce the number of inflammatory cells in bronchoalveolar 
lavage fluid. Histological examination of lung tissue indicated 
that inhaled Que reduced hemorrhaging and the infiltration 
of inflammatory cells, and suppressed the expression of the 
proinflammatory cytokines transforming growth factor‑β1 and 
interleukin-6. These results indicated that treatment with Que 
via inhalation ameliorates radiation pneumonitis by reducing 
the number of inflammatory cells, and attenuating the inflam-
matory response and pathological changes. This suggests 
that administration of Que via inhalation has the potential to 
become a novel treatment for radiation pneumonitis.

Introduction

Lung cancer is a major cause of cancer‑related mortality 
worldwide (1), despite advances in surgery, radiotherapy 
and chemotherapy. The majority of patients present at an 
advanced stage of the disease, and advanced lung cancer 
remains an important area of research (2). Advanced lung 
cancer is frequently treated with radiation; however, the use 
of high radiation doses and large lung volumes results in a 
high likelihood of radiation pneumonitis, which is defined as 
inflammation in the lung following radiation (3,4). Radiation 

pneumonitis has become a clinical problem due to its high 
incidence, reported to be 29.6-50.3% in Japan from 1983 to 
1992, and due to the difficulty in treating it (5,6). Previous 
studies have demonstrated that antioxidant molecules are able 
to protect the lung from radiation-induced damage (7,8). There 
has been a growing interest in the use of natural antioxidants 
derived from plants as additives in cosmetics and food (9), 
and traditional Chinese medicines, including quercetin (Que; 
3,3,4,5,7‑pentahydroxyflavone), curcumin and resveratrol 
are able to mitigate the inflammation induced by irradia-
tion (10,11).

Que is a member of the flavonol subclass of flavonoids, 
and is usually present in a glycosylated form (12). The 
major sources of Que are fruits, including apples, berries 
and cherries, vegetables, including onions and broccoli, and 
beverages, including red wine and tea (13). Que has been also 
identified in several medicinal plants, such as Ginkgo biloba, 
Aesculus hippocastanum and Hypericum perforatum (14). Que 
has been applied in various fields, due to its anti‑inflammatory, 
antiviral, anti‑allergy, antioxidant, anti‑asthmatic and anti-
tumor activities (15). Que has been reported to have protective 
effects against liver injury caused by chronic toluene exposure 
in rats (16). Despite this wide spectrum of pharmacological 
properties, the use of Que in the pharmaceutical field is limited 
due to its poor aqueous solubility, instability in physiological 
media and rapid photodegradation (17-19). The clinical appli-
cation of Que is limited by its poor bioavailability and low 
stability in aqueous medium (20). The achievement of effective 
concentrations of Que in the lung tissue is difficult; therefore, 
higher doses and administration frequency are required, 
which leads to higher treatment costs as well as increased side 
effects, such as arthralgia and inflammatory response (21). 
Thus, it is necessary to develop new dosage forms and admin-
istration routes for Que with increased solubility and improved 
bioavailability. Inhalation therapy holds great potential for the 
effective treatment of various diseases, such as lung cancer. 
An inhalation therapy approach to respiratory disease, such 
as asthma, chronic obstructive pulmonary disease and lung 
cancer, is a promising means of improving therapeutic effi-
ciency and minimizing unwanted systemic toxicity (22). A 
number of drugs, including dichromate flavonoid derivative 
and inhalative beclomethasone, have been investigated in vitro, 
in animal models and in human trials as targeted aerosol 
chemotherapies for lung cancer (23-25). Previous studies have 
also reported that lipid microparticles loaded with Que have 
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enhanced stability in topical formulations (26-29). However, 
studies on the use of Que inhalation to treat radiation pneumo-
nitis are lacking.

The aim of the present was to evaluate the preventive effect 
of inhaled Que on radiation pneumonitis using a rat model of 
induced radiation pneumonitis, and to identify a novel route of 
administration for Que.

Materials and methods

Materials. Pentobarbital sodium was purchased from 
Sinopharm Chemical Reagent Co., Ltd. (Shanghai, China); 
immunohistochemistry kits for the detection of interleukin 
(IL)-6 (cat no. EIA-1008) and transforming growth factor 
(TGF)-β1 (cat no. EIA‑1122) were supplied by Beijing 
Zhongshan Golden Bridge Biotechnology Co., Ltd. (Beijing, 
China); Que was supplied by Wuhan Tianyu Technology 
Co., Ltd. (Wuhan, China). Sodium dihydrogen phosphate 
and sodium hydrogen phosphate were purchased from 
Shanghai Chemical Reagent Co., Ltd. (Shanghai, China; batch 
nos. 20070604 and 20070509, respectively). All other chemi-
cals and solvents were reagent grade.

Animals. A total of 48 male Wistar rats (5‑6 weeks old; 
150-180 g) were obtained from Shandong Lukang Animal 
Center (animal license no., Slxklu no. 2011002; Jining, China). 
The animals were maintained in a room at 23±2˚C, with a rela-
tive humidity of 50±5%, and a 12‑h light/dark cycle. The rats 
were given a standard laboratory diet and water ad libitum. 
The study was approved by the Ethics Committee of Weifang 
Medical University (Weifang, China). All animal procedures 
were conducted in accordance with the rules and regula-
tions approved by the Animal Care and Use Committee for 
Biological Studies of Shandong Province (Weifang, China).

Rat model of radiation pneumonitis. The 48 Wistar rats were 
randomly divided into four groups (each n=12) for treatment 
via inhalation as follows: i) No treatment (normal group); 
ii) 20 ml 0.9% normal saline (model group); iii) 20 ml inhaled 
Que at a dose of 10 mg/100 g (Que group), as previously 
described (30); and iv) 20 ml dexamethasone at a dose of 
5x10-4 mg/100 g (positive control group). Rats in the normal, 
model, Que and positive control groups were exposed to X‑ray 
irradiation of the pulmonary apex (15 Gy) using a 6‑MV linear 
accelerator (ELEKTA AB, Stockholm, Sweden) to establish a 
radiation pneumonitis model. The 15‑Gy dose was delivered to 
the pulmonary apex in a single fraction. For administration via 
inhalation, animals were placed in a 15x15x20 cm Plexiglass 
box, and treatment was administered using an air compressor 
pump atomizer (PARI TurboBoy nebulizer; PARI GmbH, 
Starnberg, Germany) from a week before irradiation. Rats 
were administered the treatment by atomization for 30 min 
once a day, for 4 months.

Erythrocyte and leukocyte counts in blood. At 1, 2, 3 and 
4 months, a quarter of the rats from each group were anesthe-
tized with 0.3% pentobarbital (3 mg/100 g) by intraperitoneal 
injection, the chest was opened to expose the heart, and a 2 ml 
sample of blood was taken from the heart. The blood was 
placed in an EDTA‑K2 vacuum tube for measurement of the 

number of erythrocytes and leukocytes using a Sysmex KX‑21 
automated hematology analyzer (Sysmex Corporation, Osaka, 
Japan).

Bronchoalveolar lavage fluid (BALF) analysis. At 1, 2, 3 and 
4 months, a quarter of the rats from each group were anesthe-
tized and the trachea was cannulated. BALF was collected by 
flushing the lung with 2 ml PBS via the trachea immediately 
following sacrifice. Approximately 5.0 ml BALF was recov-
ered following three lavages. The BALF was centrifuged (4˚C, 
3,230 x g, 10 min) and the supernatant was stored at ‑80˚C. The 
pellet was resuspended in 5 ml PBS. The number of leukocytes 
was measured using a Sysmex KX‑21 automated hematology 
analyzer.

Histological analysis with hematoxylin and eosin staining. 
Following the collection of BALF, lung tissues were fixed 
in 10% paraformaldehyde for 24 h at room temperature, 
then paraffin‑embedded, sectioned at 5‑8 µm thickness, and 
subjected to routine hematoxylin (5 min) and eosin staining 
(2-3 min) (31) at room temperature for observation using a 
37XC microscope (Shanghai Optical Instrument Factory Co., 
Ltd., Shanghai, China).

Immunohistochemistry. Immunohistochemical detection of 
IL-6 and TGF-β1 was performed using immunohistochem-
istry kits. The lung sections (prepared using the same steps 
mentioned above) were incubated with 0.3% hydrogen peroxide 
for 20 min at room temperature to block endogenous peroxidase 
activity, followed by rinsing with PBS, pH 7.4, and the absorp-
tion of excess fluid using filter paper. The sections were then 
treated with rabbit anti-murine IL-6 (EIA: 1008) or TGF-β1 

(EIA: 1122) antibody (1:10 dilution; Beijing Zhongshan Golden 
Bridge Biotechnology Co., Ltd., Beijing, China) overnight at 
4˚C. Subsequently, the sections were treated with polymer 
enhancer (Beijing Zhongshan Golden Bridge Biotechnology 
Co., Ltd.) for 20 min at 37˚C, followed by rinsing with PBS 
and the absorption of excess fluid using filter paper. The 
sections were then treated with murine anti‑rabbit antibody 
(1:100 dilution) for 30 min at 37˚C, washed and visualized by 
3,3‑diaminobenzidine tetrahydrochloride DAB. Finally, the 
sections were counter‑stained with hematoxylin for 5 min at 
room temperature. For each section, five random microscopic 
fields were selected and observed. The total cell count and 
positive cell count were calculated in order to determine the 
percentage of positive cells. The positive cells were counted 
using the system: ‑ ‑(strong negative sample), ‑(negative sample), 
+(positive sample) and ++ (strong positive sample).

Statistical analysis. Data are reported as the mean ± standard 
deviation. Statistical analysis was performed using SPSS 13.0 
software (SPSS, Inc., Chicago, IL, USA). Data were analyzed 
using one‑way analysis of variance followed by the Least 
Significant Difference post hoc test. P<0.05 was considered to 
indicate a statistically significant difference.

Results

Behavior and general observations. Rats in the normal 
group exhibited significant activity, fine and smooth fur, 
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and normal body weight. In all groups exposed to radiation, 
arched backs, piloerection, quietness and a reduction in body 
weight were observed in the first month. For rats in the Que 
group, the symptoms of arched back and piloerection were 
alleviated and body weight was gradually increased in the 
second month. Rats in the model group exhibited signifi-
cantly delayed reactions, dispiritedness, and a reduction in 
body weight compared with the normal group. In the Que 
inhalation group, weight loss was prevented, and the rats had 
significantly higher body weights in comparison with the 
model group from the second month after irradiation until 
the end of the study. The positive control group was generally 
comparable with the Que group.

Erythrocyte and leukocyte counts in blood. Erythrocytes and 
leukocytes were counted following irradiation of the whole 
thorax (Tables I and II, respectively). There were a significantly 
higher number of erythrocytes in the positive control group 
compared with the model group at 3 months (P<0.05). However, 
the number of leukocytes was decreased following irradiation 
in the model, Que and positive control groups during the first 
three months. There was a significant difference in the number 
of leukocytes between the model and normal groups at 1, 2 
and 3 months (P<0.05), and no significant difference between 
the normal and Que groups at any time‑point (P>0.05). 
Furthermore, at 4 months after irradiation, the numbers of 
erythrocytes and leukocytes in irradiated rats treated with Que 
was increased compared with those in the model group. These 
data indicate that Que inhalation ameliorates the inflammatory 
response in the blood of rats following whole-thorax irradiation.

Leukocytes in BALF. To evaluate the effect of Que on inflam-
matory cells in BALF, leukocytes were measured following 
irradiation of the whole thorax (Table III). The number of 
leukocytes in the BALF peaked in the model group at 2 months 
after irradiation, and then decreased at 3 and 4 months. At 
2 months, the number of leukocytes in the model group was 
significantly increased compared with that in the normal group 
(P<0.05). However, no significant difference was observed 
between the Que and normal groups (P>0.05), or between the 
Que and positive control groups (P>0.05) at this time‑point. 
There were significant differences in the number of leukocytes 
between the model group and normal, Que, positive control 
group at 3 months (P<0.05). At 4 months after irradiation, the 
number of leukocytes of the model and Que groups was mark-
edly decreased compared with that at the first month.

Lung histopathological changes. To examine the changes in 
lung tissue following thoracic irradiation combined with Que 
treatment, the extent of lung inflammation was assessed histo-
logically at 2 months (Fig. 1) and 4 months (Fig. 2) following 
irradiation. In the normal group, the lung tissue exhibited 
normal lung alveoli, normal alveolar septum and well‑distrib-
uted alveolar walls at 2 months; infiltration of inflammatory 
cells was not evident, and slight hemorrhaging was observed. 
In the model group, infiltration of inflammatory cells was 

Table I. Effect of Que on radiation‑induced erythrocytes in 
blood (mean ± standard deviation, x1012/l).

Time     Positive
(months) Normal Model Que control

1 6.75±0.37 7.38±1.15 7.40±0.41 6.89±0.34
2 7.23±0.16 7.34±0.40 7.04±0.10 7.12±0.21
3 7.10±0.14 6.88±0.29 7.13±0.18 7.43±0.11a

4 7.46±0.49 7.91±0.89 8.13±1.09 7.63±0.51

aP<0.05 vs. the model group. Que, quercetin.

Table III. Effect of Que on radiation‑induced leukocytes in 
bronchoalveolar lavage fluid (mean ± standard deviation, 
x109/l).

Time     Positive
(months) Normal Model Que control

1 2.82±0.95a 5.80±0.89 2.52±0.79a 2.62±0.48a

2 2.47±1.06a 10.55±1.47 2.94±1.27a 2.42±0.12a

3 2.44±0.05a 6.98±1.04 1.31±0.25a 2.37±1.54a

4 2.58±0.22a 4.81±0.47 1.10±1.13a,b 2.78±0.54a

aP<0.05 vs. the model group; bP<0.05 vs. the normal group. Que, 
quercetin.

Table II. Effect of Que on radiation‑induced leukocytes in 
blood (mean ± standard deviation, x109/l).

Time    Positive
(months) Normal Model Que control

1 7.87±1.20a 4.84±0.74 5.72±1.84 4.62±0.84b

2 10.55±0.30a 5.98±1.38 6.80±0.95b 6.82±0.92b

3 6.54±0.96a 4.66±0.47 5.08±0.72 4.97±1.04
4 4.28±1.40 4.93±0.58 5.20±1.49 4.68±0.24

aP<0.05 vs. the model group; bP<0.05 vs. the normal group. Que, 
quercetin.

Figure 1. Pathological images of rat lung tissue at 2 months after irradiation. 
(A) Normal group, (B) model group, (C) positive control group and (D) quer-
cetin group. Hematoxylin and eosin staining. Magnification, x400.
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evident at 2 months after thoracic irradiation, and extensive 
hemorrhaging were observed. In the model group, lung injury 
was evident with destruction of the alveoli, thickened alveolar 
septum and decreased alveolar spaces. In the Que group, slight 
hemorrhages and normal lung alveoli were observed, and 
infiltration of inflammatory cells was not evident. There was 
no clear difference between the Que group and the positive 
control group. At 4 months, the lung tissue exhibited normal 
lung alveoli, thinning of the alveolar septum and increased 
alveolar spaces in the normal group. In the lung tissue of the 
model group, slight hemorrhages, thin alveolar septum and 
increased alveolar spacing were observed. However, Que 
clearly reduced the local inflammation caused by irradiation, 
and infiltration of inflammatory cells was not evident.

Levels of TGF‑β1 and IL‑6. The levels of TGF‑β1 and IL-6 
in the lung tissue were measured at 4 months after radiation 
(Figs. 3 and 4 and Table IV). In the normal group, brown 
staining indicating the presence of inflammatory cytokines 
was not visible. In the model group, the expression of TGF‑β1 
was observed primarily in bronchial epithelial cells, peripheral 
lymphocyte and macrophages as brown staining of the lung 
tissue. However, the group treated with Que had only a small 
amount of brown staining of TGF-β1 in the bronchial epithe-
lial cells. Expression of IL‑6 was not observed in the normal 
group, as brown staining was not evident in the cytoplasm. 
In the model group, the expression of IL‑6 was primarily 
observed in the alveolar space. The group treated with Que 

had only a small amount of brown staining of IL‑6. No notable 
differences were observed in the levels of TGF‑β1 and IL-6 in 
the Que and positive control groups compared with the normal 
group.

Discussion

Radiation pneumonitis is a fairly common subacute side effect 
of radiotherapy in patients with lung cancer and the incidence 
is high. The incidence likely arises from different patient 
populations, the subjective scoring of radiation pneumonitis 
and treatment-related factors (32). In the present study, a rat 
model was used to investigate the effect of inhaled Que on 
the adverse effects of radiotherapy for lung cancer. The results 
demonstrated that the administration of Que by inhalation 
decreased inflammation in the lung. Previous studies have 
shown that rats survived pneumonitis following exposure to 
irradiation doses of 12, 13 and 20 Gy (33,34). In the present 

Figure 2. Pathological images of rat lung tissue at 4 months after irradiation. 
(A) Normal group, (B) model group, (C) positive control group and (D) quer-
cetin group. Hematoxylin and eosin staining. Magnification, x400.

Figure 4. Interleukin-6 immunohistochemical staining in lung tissue at 
4 months after irradiation. (A) Normal group, (B) model group, (C) positive 
control group and (D) quercetin group. Magnification, x400.

Figure 3. Transforming growth factor-β1 immunohistochemical staining in 
lung tissue at 4 months after irradiation. (A) Normal group, (B) model group, 
(C) positive control group and (D) quercetin group. Magnification, x400.

Table IV. Effect of Que on radiation‑induced levels of TGF‑β1 
and IL‑6 in bronchoalveolar lavage fluid.

    Positive 
Cytokine Normal Model Que control

TGF-β1 - - ++ + +
IL-6 - - ++ + +

Que, quercetin; TGF, transforming growth factor; IL, interleukin.
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study, rats were exposed to radiation of the apex pulmonis 
(15 Gy) using 6‑MV linearly accelerated X‑rays to establish 
a radiation pneumonitis model. In the model group, numerous 
symptoms were evident following irradiation, including 
piloerection, arching of the back, quietness and weight loss, 
which demonstrated that the model was successful. Numerous 
studies have administered agents prior to radiation exposure to 
evaluate their ability to act as radiation protective agents, such 
as TNF-α and TGF-β inhibitors (35,36). However, it is neces-
sary to investigate and identify agents that are effective for the 
reduction of radiation‑induced lung injury when administered 
following irradiation (37).

The effects of Que on radiation‑induced lung injury 
are unclear (30). The present study demonstrated that Que 
inhalation decreased the number of inflammatory cells in 
rats irradiated with X‑rays. Que reduced the characteristics 
of inflammation, including the infiltration of inflammatory 
cells. The number of inflammatory cells, including lympho-
cytes (38), neutrophils (39) and alveolar macrophages (40) 
increases following irradiation. However, the effect of Que 
on airway inflammation remains largely unknown (30). Que 
has the ability to suppress radiation‑induced inflammation and 
has beneficial effects on the lungs; however, it also has poor 
solubility, low bioavailability and low absorption (41,42). In 
the present study, Que was administered by nebulization to 
maintain Que at high local concentrations (29). Drug delivery 
to the respiratory tract via inhalation is influenced by the 
properties of the inhaled particles as well as the breathing 
patterns of the experimental animals (43). The ability of a 
system to efficiently deliver a drug to the animal respiratory 
tract depends particularly on the inhaled particles' proper-
ties (44). Compressed air nebulizers produce aerosols with 
small‑sized particles from drug‑containing solutions and these 
aerosols have suitable characteristics for animal testing (27). 
In the present study, rats were treated using compressor pump 
atomization.

In all groups exposed to radiation, the rats exhibited arched 
backs, piloerection and a reduction in body weight. In the 
model group, infiltration of inflammatory cells was evident 
following thoracic irradiation, and extensive hemorrhaging 
was observed. Lung injury was manifested by destruction of 
the alveoli, thickened alveolar septa and decreased alveolar 
spaces. Histopathological examination revealed that Que 
reduced the radiation-induced histopathological changes 
compared with those in saline-treated model rats.

The present study demonstrated that irradiation of the 
thorax affected the chronic inflammatory response in the lung 
tissue. Previous studies have shown that pro‑inflammatory 
cytokines, including TGF‑β1, IL-6 and tumor necrosis factor-α, 
are induced by irradiation of the thorax (34,42). In the present 
study, the levels of TGF‑β1 and IL‑6 were elevated by lung 
tissue challenge with radiation, and were reduced in the Que 
group compared with the model group. Histopathological 
investigation revealed increased submucosal and airway wall 
thickening following irradiation. In the model group, the levels 
of TGF-β1 and IL-6 were increased compared with those in 
the normal group. The infiltration of inflammatory cells was 
markedly attenuated by Que administration. Brown staining of 
lymphocytes and macrophages was observed in the lung tissue 
of model group. However, the group treated with Que inhalation 

only had a small amount of brown staining. Radiation injury is 
characterized by capillary permeability, edema and excessive 
fibroblast proliferation within the alveolar septa (34,42). The 
levels of TGF‑β1 and IL‑6 were markedly inhibited following 
Que administration compared with those in the model group. 
These results suggest that Que is an excellent candidate for use 
as an adjuvant therapy for radiation pneumonitis.

In conclusion, the present study demonstrated the preven-
tive effect of Que inhalation on radiation pneumonitis in a rat 
model. The administration of Que using a nebulizer inhib-
ited the inflammatory reaction of radiation pneumonitis by 
increasing the number of leukocytes and erythrocytes in the 
blood and decreasing the number of leukocytes in the BALF, 
and decreasing the levels of TGF‑β1 and IL-6. The results of 
histological observation also indicated that Que inhalation 
ameliorated radiation‑induced hemorrhage, inflammation and 
fibrosis, and reduced inflammatory cell infiltration in the respi-
ratory tract. These findings suggest that Que inhalation may be 
effective in protecting the lung tissue of radiation pneumonitis 
and is potentially clinically useful for use in patients with lung 
cancer who require radiotherapy.
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