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Abstract

Background: Pulmonary fibrosis is a deadly and destructive disease. Various chemicals, drugs, and environmental factors are re-
sponsible for pulmonary fibrosis. The disease can also be idiopathic. A number of inflammatory mediators and cytokines, such
as interleukin-13 (IL-13), platelet-derived growth factor (PDGF), and tumor necrosis factor α (TNF-α), play an important role in pul-
monary fibrosis. Profibrotic cytokines accelerate the maturation and proliferation of fibroblasts, which ultimately increases the
amount of collagen deposits in the alveolar cell wall. In contrast, the interferon-γ (INF-γ) cytokine has antifibrotic properties.
Objectives: This study investigated and compared the inhibitory effects of quercetin hydrate with those of vitamin E (Vit E), a well-
known antioxidant, on bleomycin (BLM)-induced pulmonary fibrosis in rats.
Materials andMethods: This study used Sprague-Dawley male rats, with a weight range of 200 - 250 g. The positive control group
received a single-dose of BLM (7.5 IU/kg) through an intratracheal injection (positive control group). The negative control group
received normal saline. The other groups were treated with different doses of quercetin hydrate (25, 50, and 75 mg/kg) or daily
intraperitoneal injections of Vit E (10 mg/kg) for 1 week before and 3 weeks after a single dose of BLM via intratracheal administration.
Four weeks later, bronchoalveolar lavage fluid (BALF) was collected for measurement of cytokines.
Results: The administration of quercetin hydrate significantly reduced the concentration of IL-13, PDGF-β, and TNF-α and increased
the concentrations of INF-γ in BALF.
Conclusions: According to the experimental results, quercetin hydrate reduced the concentration of inflammatory fibrotic factors,
such as IL-13, PDGF-β, and TNF-α, and increased the level of the antifibrotic factor INF-γ, and the effects of quercetin hydrate appeared
stronger than those of Vit E. In cases of exposure to fibrogenic factors, quercetin hydrate can be prescribed as a prophylactic agent
for pulmonary fibrosis.
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1. Background

Quercetin, a plant flavonoid, has the highest antioxi-
dant capacity of all the flavonoids and is about six times
more potent than vitamin C (1). Flavonoids, which are
found in many plants and vegetables, especially onions
and broccoli, as well as in green tea, apples, and grapes,
have anti-inflammatory, anticoagulant, antibacterial, and
antihypertensive effects (2-5). Numerous epidemiologi-
cal studies have demonstrated a relationship between the
consumption of quercetin by enhance the treatment of
cardiovascular diseases, lung cancer, asthma, and other
respiratory disorders (6). Despite a large number of stud-
ies in recent years, there is not any standard and perfect

treatment for pulmonary fibrosis. In addition, an ideal
drug or combination of drugs is not available (7, 8).

Pulmonary fibrosis is an interstitial lung disease of the
respiratory alveolar system (9). In general, it commences
with damage to the air bags and can be accompanied by
inflammation, collagen accumulation, and accumulation
of extracellular matrix components (9). Pulmonary fibro-
sis results in the stimulation of endothelial and epithelial
cells, followed by the release of free radicals and the secre-
tion of a variety of cytokines. By stimulating fibroblast pro-
liferation in the interstitial area of air sacs, these factors
cause deposition of collagen on the surface of the wall of
the alveolus (10).
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In contrast to pulmonary fibrosis, where the cause of
the disease is clear, there is no known cause of the disease
in idiopathic pulmonary fibrosis (11). Pulmonary fibrosis
disease has been called an industrial society disease be-
cause most of its causes are the result of the side effects of
industrialization. Among the known causes of the disease
are viral infections caused by some herpes viruses and bac-
teria, injury resulting from some mineral compositions
like asbestos and silica, and side effects of chemical drugs,
such as bleomycin (BLM), cyclophosphamide, parquat, and
methotrexate (12). BLM is an anticancer antibiotic drug
that has abundant applications for chemotherapy of the
cervical testicular cancer (13). Its potency and lack of ad-
verse effects make BLM ideal for the treatment of these
kinds of cancers. However, pulmonary fibrosis is a com-
mon side effect of BLM (13, 14). Although the mechanisms
underlying the pulmonary pathology of BLM are not well
known, the drug is thought to chelate various elements,
such as iron and copper, which bind to oxygen molecules.
The resulting complex binds to DNA molecules and by
transferring electrons from iron II to oxygen molecules
produces free radical spices, like hydroxyl and super oxide.
These radicals cause cleavage of DNA, eventually leading to
the death of cells (15). The accumulation of inflammatory
cells in lung tissue and collagen deposition in the alveolar
wall are additional adverse effects of BLM.

Fibrotic factors, such as tumor necrosis factor-α (TNF-
α), platelet-derived growth factor (PDGF), and interleukin-
13 (IL-13), as well as antifibrotic factors, such as interferon-γ
(INF-γ), play a very important role in the occurrence and
prevention of pulmonary fibrosis (16). PDGF, which is pro-
duced by macrophages, causes the growth and prolifera-
tion of fibroblasts, thereby exacerbating pulmonary fibro-
sis. The inhibition of PDGF is one of the goals of fibrosis
treatment (17). IL-13 is an inflammatory factor that results
in the proliferation of myofibroblasts and the production
of collagen (18). It can lead to the production of tumor
growth factor-β (TGF-β), which is strong fibrotic factor (18).
TNF-α is one of the strong and well-known factors that by
IL-13 gene expression lead to the proliferation of fibroblasts
and production of collagen and fibrosis (19). INF-γ has ex-
tremely strong antifibrotic properties (20). It inhibits the
activity of profibrotic factors, such as TGF-β, reducing the
growth and differentiation of fibroblasts and collagen syn-
thesis (20).

In previous studies, the therapeutic approach of this
disease was in two directions: first, the use of antioxidant
compounds, chemical, or plant, to remove free radicals in-
duced and prevent the process of inflammation and sec-
ond the use of antifibrotic compounds for the treatment
and removal of collagen deposited in the alveolar wall. In
most previous studies, the use of antioxidant compounds,

such as bilirubin (21), N-acetyl cysteine (22), vitamin E (Vit
E) (23), Ginkgo bilobia (24) and some compounds of plant
considered.

2. Objectives

According to studies in the field of the use of antioxi-
dant compounds for the prevention and treatment of pul-
monary fibrosis in rats were investigated. This study aimed
to compare the effects of quercetin hydrate and Vit E on
levels of IL-13, INF-γ, TNF-α, and PDGF in BLM-induced pul-
monary fibrosis in rats.

3. Materials andMethods

3.1. Animals

Sixty healthy male Sprague-Dawley rats weighing 200
- 250 g were obtained from the animal house and research
center of Ahvaz Jundishapur University of Medical Sciences
(AJUMS), Ahvaz, Iran. The animals had free access to stan-
dard rat chow and tap water ad libitum. They were kept
in a temperature-controlled environment at 23± 2°C, with
an alternating 12 hours light: 12 hours dark cycle. The ani-
mal experimental protocol was approved by AJUMS Animal
care and use committee (25).

3.2. Chemicals

The chemical materials used in this study were as fol-
lows: Bleomycin sulfate (Bleocip), was obtained from the
chemical company CIPLA (India), quercetin hydrate was
obtained from Sigma (St. Louis, Mo, Germany), and ELISA
kits for TNF-α, INF-γ, PDGF-β, and IL-13 were purchased
from bioassay technology (China).

3.3. Classification and Animal Treatments

The animals were randomly divided into six groups of
10 rats. The composition of the groups was as follows:

Saline group: The animals received equal amounts of
saline every day during the experimental period.

BLM group: The animals received a single intratracheal
instillation of BLM (7.5 IU/kg) dissolved in normal saline
and monitored for 3 weeks after the administration of BLM.

BLM + Q25 group: The animals were treated with
quercetin hydrate at a dose of 25 mg/kg (Q25) for 7 days be-
fore and 3 weeks after a single dose of BLM (7.5 IU/kg).

BLM + Q50 group: The animals were treated with
quercetin hydrate at a dose of 50 mg/kg (Q50) for 7 days
before and 3 weeks after instillation of a single dose of BLM
(7.5 IU/kg )
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BLM group + Q75: The animals were treated with
quercetin hydrate at a dose of 75 mg/kg (Q75) for 7 days be-
fore and 3 weeks after instillation of a single dose of BLM
(7.5 IU/kg).

BLM group + Vit E: The animals were treated with Vit E
at a dose of 10 mg/kg (IP) for 7 days before and 3 weeks after
instillation of a single dose of BLM (7.5 IU/kg)

3.4. BLM-Induced Pulmonary Fibrosis

According to the method of Schraufnagel et al. (26),
the rats were anesthetized with ether, placed on a slanted
board, and hanged from their upper incisors. Keeping the
nose of the animal closed and its tongue out, the BLM so-
lution (7.5 IU/kg) was delivered via the mouth into the tra-
chea by a modified needle in a volume of 1 mL/kg animal
body weight. Control rats received intratracheal instilla-
tions of the same volume of saline. After recovery from
anesthesia, the rats were returned to their cages.

3.5. Collection of Bronchoalveolar Lavage Fluid (BALF)

BALF was obtained by washing the right lung three
times with a total of 1.5 ml of saline through a tracheal can-
nula (27). The BALF was then centrifuged immediately at
1100 rpm for 10 minutes. The supernatants of BALF were
stored at -80°C until the time of the cytokine measure-
ment.

3.6. Measurement of the Cytokines

The concentrations of the cytokines in the BALF were
measured by ELISA kits (Bioassay Technology Company,
China) using the direct sandwich ELISA method.

3.7. Statistical Analysis

A one-way analysis of variance (ANOVA) was used for
the analysis of the average differences of quantity. In cases
of a significant difference between the groups, Tukey’s test
was applied (P ≤ 0.05).

4. Results

4.1. INF-γ in BALF

The concentration of INF-γ 21 days after the injection
of BLF in the BALF was reduced (24.1 ± 3.4 Pg/mL). The con-
centrations of INF-γ 21 in the BLM + Q25 mg/kg, BLM + Q50
mg/kg, BLM + Q75 mg/kg, BLM + Vit E 10 mg/kg, and saline
group were 48.7 ± 2.9 Pg/mL, 58.4 ± 1.9 Pg/mL, 61.5 ± 1.9
Pg/mL, 55 ± 2.6 Pg/mL, and 40.1 ± 3.4 Pg/mL, respectively
(Figure 1).

Figure 1. IFN-γ Level in the BALF of Rats (n = 10)
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Each value represents the mean ± SEM. There was no significant difference in the
IFN-γ level of the treatment groups and those of the saline group (P < 0.05). *De-
notes a significant difference versus the positive control group (P < 0.05).

4.2. IL-13 in BALF

Twenty-one days after the instillation of BLM, the con-
centration of IL-13 increased significantly in the BALF (515.1
± 45 Pg/mL) in the saline group and 397.8 ± 3 Pg/mL (P <
0.05). The concentration of IL-13 decreased significantly in
the BLM + Q75 mg/kg (279 ± 23 Pg/mL), BLM + Q50 mg/kg
(372.4 ± 29 Pg/mL), and BLM + Q25 mg/kg (393 ± 32 Pg/mL)
groups compared to the BLM-only group (P < 0.05). How-
ever, there was no significant difference in the concentra-
tion of IL-13 of the BLM and Vit E groups (448.8± 41 Pg/mL),
suggesting that Vit E did not reduce the level of IL-13. There
was a significant difference between the Q25 mg/kg groups
and Vit E group with the Q75 mg/kg group (Figure 2).

Figure 2. Level of IL-13 in the BALF of Rats (n = 10)
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Each value represents the mean ± SEM. *Denotes a significant difference versus the
positive control group (P < 0.05).

4.3. TNF-α in BALF

Twenty-one days after the injection of BLM, the concen-
tration of TNF-α in the BALF of the BLM group was (207.7
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± 7 Pg/mL), which was significantly (P < 0.05) higher than
that of the saline group (145.8 ± 6.3 Pg/mL). Compared to
the BLM group, the concentration of TNF-α decreased sig-
nificantly in the BLM group and BLM + Q25 mg/kg (126.1 ±
7.3 Pg/mL), BLM + Q50 mg/kg (117.2 ± 3.4 Pg/mL), BLM + Q75
mg/kg (99 ± 6.4 Pg/mL), and Vit E treatment groups (133 ±
14.2 Pg/ml). The results suggest that quercetin hydrate re-
duced the TNF-α level in the BALF (Figure 3).

Figure 3. The level of TNF-α in the BALF of the rats (n = 10)
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4.4. PDGF in BALF

Twenty-one days after the injection of BLM, the concen-
tration of PDGF in the BALF of the BLM group was 3.3 ±
0.26. Compared to the saline group (2.6 ± 0.18), the level
increased significantly (P < 0.05). Compared to the BLM
group, the level of PDGF was significantly different in the
BLM + Q25 mg/kg (2.4 ± 0.21), BLM + Q50 mg/kg (0.21 ±
2.2), and BLM + Q75 mg/kg (2.1 ± 0.17) treatment groups (P
< 0.05). As shown in Figure 4, the level of PDGF in the BLM
group was also significantly different compared to that of
the Vit E group (2.2 ± 0.23).

5. Discussion

Pulmonary fibrosis is a complex disease, which be-
gins with edema and inflammation of the alveolar and
bronchial walls. An important step in this process is
the release of cytokines and growth factors in lung tis-
sue. Further, mesenchymal cells of the alveolar walls are
reproduced, and fibroblasts and myofibroblasts move to
the alveolar spaces and secrete extracellular matrix com-
pounds, mainly collagen and proteoglycan (28). Such
events lead to lung fibrosis. Fibroblasts and myofibrob-
lasts have contractile activity and play an important role

Figure 4. PDGF Level in the BALF of the Rats (n = 10)
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in ventilation and perfusion. However, during fibrosis,
actin filaments in fibroblast cells are polymerized, and the
accumulation of these cells leads to increased contractile
power (29, 30). An increase in nonmuscle cells in the in-
terstitial area of pulmonary fibrosis tissue has been estab-
lished in human samples.

A point that we must take into consideration is the di-
rect effect of the cytokines INF-γ, PDGF, TNF-α, and IL-13
on the growth, differentiation, and maturation of fibrob-
lasts. These cytokines have a very important role in the
treatment and diagnosis of pulmonary fibrosis (16, 31). IL-
13 is known as one of the dominant cytokines in the major-
ity of experimental studies on pulmonary fibrosis (18), and
the treatment of pulmonary fibrosis with anti-IL13 drugs is
part of the main strategy for treating and preventing the
progression of the disease (32, 33).

In this study, the concentration of IL-13 in the BLM
group increased significantly compared with that of the
saline group, suggesting that IL-13 was partly responsible
for pulmonary fibrosis in the BLM group. In contrast, the
level of IL13 decreased significantly in the quercetin treat-
ment groups. This finding demonstrates the potential of
quercetin to inhibit the production of IL-13. There was
no significant difference between BLM and Vit E, which
means the lack of Vit E effect in reducing the IL-13. Perhaps
quercetin has priority on Vit E in this field.

TNF-α is one of the most potent cytokines and plays a
critical role in inflammatory lung diseases. Several stud-
ies have reported a high level of TNF-α in pulmonary fi-
brosis (34). In this study, the amount of TNF-α in the BLM
group was significantly elevated compared to that of the
saline group. The administration of quercetin, especially
at a dose of 75 mg/kg, significantly reduced the concentra-
tion of TNF-α. A significant difference was also seen be-
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tween the BLM and Vit E groups.
PDGF is a powerful fibrogenic factor, which intensi-

fies the process of pulmonary fibrosis by increasing the
growth and proliferation of fibroblasts. The inhibition of
PDGF is one of the main goals of fibrosis treatment (17). In
this study, the level of PDGF decreased significantly in the
quercetin treatment groups compared to the BLM group.
The potency of Vit E in reducing the level of PDGF was sim-
ilar to that of quercetin.

INF-γ exerts antifibrotic effects by inhibiting the activ-
ity of profibrotic factors, such as TGF-β. Its effect is mainly
due to inhibition of the growth and differentiation of fi-
broblasts and subsequently a reduction in collagen syn-
thesis (35). In this study, the level of INF-γ decreased sig-
nificantly following the administration of BLM compared
with that of the control group. However, the level of INF-
γ increased in all the treatment groups in response to
quercetin and Vit E. An important finding in this work is
that the elevation in INF-γ was considerably higher in the
quercetin-treated groups than in the saline group. Possi-
bly, quercetin may be useful as an immunomodulator in
other diseases.

A previous study of the effects of sirolamus in BLM-
induced pulmonary fibrosis in rats reported that it de-
creased the concentration of IL-13 and PDGFT PGF-β and
significantly increased the concentration of INF-γ, demon-
strating that it had antifibrotic and anti-inflammatory ef-
fects (36). Another study of the effect of lycopene on pul-
monary fibrosis found that it reduced the concentration of
TNF-α, NO, and MDA, establishing that lycopene had antifi-
brotic effects (37). A study of the influence of simvastatin
on BLM-induced pulmonary fibrosis in rats showed that it
reduced the concentration of IL-13, PDGF, and TGF-β and in-
creased the concentration of INF-γ (38).

Quercetin hydrate is a polyphenolic compound found
in plants and one of the best known of the flavonoids, with
the strongest antioxidant effect (39, 40). Quercetin has a
wide range of activities within the cell, including interfer-
ing with the functioning of enzymes and cell receptors (19).
The mechanism of its effect varies in different physiologi-
cal processes. Several studies have investigated the effect
of quercetin and its derivatives on a variety of factors af-
fecting pulmonary fibrosis (41). One study indicated that
quercetin significantly decreased the levels of cytokines,
such as TNF-α, IL-6, and IL-1-β (42). In addition, this com-
pound lowered hydroxyproline and caused a reduction in
collagen deposition in tissue by preventing TGF-β gene ex-
pression (42). The administration of quercetin also pre-
vented the progression of pulmonary damage caused by
the consumption of paraquat, likely due to its antioxidant
properties (43).

In the present study, all three doses of quercetin hy-

drate reduced the concentration of the fibrotic factors IL-
13, TNF-α, and PDGF. Furthermore, its potency was compa-
rable to that of Vit E. On the other hand, both quercetin
hydrate and Vit E increased the concentration of the
antifibrotic factor INF-γ. The antioxidant properties of
quercetin hydrate are greater than those of Vit E. The use
of higher doses of quercetin hydrate and longer durations
of the treatment may yield better results.

The results of this study showed that the therapeutic
profile of quercetin hydrate with regard to the inhibition
of pulmonary fibrosis was superior to that of Vit E. Herbal
source of quercetin with negligible adverse effects is an op-
portunity to make the preparations containing this com-
pound. Using quercetin-derived preparations as a com-
plementary treatment is recommended in patients with
lung fibrosis. However, more studies may required to de-
termine the detailed mechanism underlying the effects of
quercetin on pulmonary fibrosis.
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