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Abstract

Background: Idiopathic pulmonary fibrosis (IPF) is one of the interstitial lung diseases. To date, most drug trials for the treatment of IPF
have yielded disappointing results. Recently, selenium nano-particles (SeNP) have received attention for potential use in treatments, due in part
to their established abilities to exert size-dependent anti-oxidant/-inflammatory effects.

Materials and Methods: the rats were treated with SeNPs by intraperitoneal injection (0.5mg SeNP/kg) for five consecutive days in the
inflammatory phase (a day after injection of bleomycin) and fibrotic phase (a week after injection of bleomycin).

Results: The results showed that administration of SeNP during the inflammatory phase improved the activity of enzymes antioxidant (i.e.,
glutathione peroxidase and superoxide dismutase) and also led to significant decreases in interleukin (IL)-6 and malondialdehyde (MDA) levels
in lung homogenates. Histopathology, measures of lung index and body weight, and evaluations of lungs using Ashcroft criteria supported the
mitigative effects found above. Notably, treatment with the SeNP during the fibrotic phase imparted no ameliorative effects. Lastly, the SeNP
themselves seemed to impart no overt toxicities in naive rat hosts.

Conclusion: Thus, the findings suggest that SeNP, in part by improving the antioxidant enzyme activities, might impart a therapeutic effect
against PF induced by bleomycin in rats. This potentially might mean that SeNP could represent a new therapeutic for treatment of this disease,
at least in its earliest phases.

Keywords: Pulmonary fibrosis; Selenium nanoparticles; Bleomycin; Antioxidant enzymes; Interleukin- 6

Abbreviation: IPF: Idiopathic Pulmonary Fibrosis; SOD: Superoxide Dismutase; CAT: Catalase GPx: Glutathione Peroxidase; BLM: Bleomycin;
PF: Pulmonary Fibrosis; IL: Interleukin; MDA: Malondialdehyde; Se: Selenium; TrxR: Thioredoxin Reductase; IP: Intraperitoneal; DLS: Dynamic
Light Scattering; TEM: Transmission Electron Micrograph; ANOVA: Analysis Of Variance; Lavage BAL: Bronchoalveolar

Introduction
dismutase (SOD), catalase (CAT), and glutathione peroxidase (GPx)

Idiopathic pulmonary fibrosis (IPF) is an interstitial lung [3]. A decrease in overall antioxidant defenses/status in the lung
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disease that is a chronic, advanced fibrosis of u own cause [1] leads to increased oxidative stress, inflammation, and ultimately,

The prognosis is poor and average survival time after diagnosis is activation of fibroblasts. Such deposition of extracellular matrix

5 years [2]. All organs, including the lungs, possess a wide range elements into the lung parenchyma results in the destruction of

of antioxidant enzymes to defend against oxidative stress. Among

) ) ) ) i alveolar structures and, even loss of lung function [4]. Hence, it
the various enzymes involved in this defense are superoxide

is believed that oxidative stress and oxidation/anti-oxidation
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imbalances are major mechanisms involved in the pathogenesis
and progression of IPF [5].

Bleomycin (BLM), an anti-cancer drug, causes lung damage
and induces pulmonary fibrosis (PF). Therefore, BLM is used to
create an animal model of PF [6,7]. BLM induces an oxidative
stress in the lung that is characterized by low endogenous GPx,
SOD, and CAT antioxidant enzymes activities [8]. In addition to
those changes, BLM induces formation of interleukin (IL)-6, a
cytokine that mediates inflammatory responses in lung fibrosis
[9]. The induced lung injury is biphasic, i.e., there is an initial
inflammatory phase characterized by leukocytic infiltration to the
lungs and damage to alveolar epithelial cells over the first week,
thatis then followed by a fibrotic phase characterized by fibroblast
proliferation and extracellular matrix deposition over the second
week [10]. In recent years, studies have been performed to
mitigate the adverse effects of BLM-induced pulmonary fibrosis
[11] in the hopes that development of such drugs might in turn be
used in the treatment of IPF. To date, such studies and novel drugs
have not been very promising [12].

Selenium (Se) is an essential element due to its action in the
active site of antioxidant enzymes such as GPx and thioredoxin
reductase (TrxR), as well as having a role in immune responses
and inflammation in humans [13]. By itself, Se has antioxidant
and anti-inflammatory effects [14,15], and its presence insures
malondialdehyde (MDA) levels to remain normal [16,17].
Nevertheless, there is a narrow margin between effective and
toxic doses for selenium, regardless of its chemical form [18].

Table1: Experimental groups.

Elemental selenium nanoparticles (SeNP), because of low toxicity
and high biological activities, have received great attention as a
potential therapeutic agent [19]. In part, due to findings SeNPs
(5-200nm) have shown size-dependent effects in scavenging free
radicals in vitro [20]. SeNPs have also been revealed to have anti-
inflammatory/-oxidant effects in vivo [21-24]. The present study
was carried out to evaluate possible anti-inflammatory/-oxidant
activities of SeNP against BLM-induced pulmonary fibrosis in
male rats. Potential effects of the particles were evaluated in
both the inflammatory and fibrotic phases of the disease, as it is
completely unknown if there is any preferential period in which
the SeNP might be most beneficial.

Materials and methods
Animals

Male Wistar rats 200-250g weight (eight to ten weeks of age)
were purchased from the Laboratory Animal Breeding Center of
Iran University of Medical Sciences for the study. All rats were
housed under controlled conditions (temperature 22 + 2°C, and
50% relative humidity) with a 12-hr light/dark cycles. All rats
had ad libitum access to filtered water and standard rodent chow.
For the experiment, after a 2-wk acclimatization period, rats were
randomly allocated into six experimental groups (10/group)
(Table 1). All experimental protocols were approved by the Iran
University of Medical Sciences Ethics Committee. The study was
performed according to the animal ethics committee guidelines
of the Principles of Laboratory Animals Care”(NIH Publication No.
85-23, revised 2011).

Experimental groups

Treatment protocol

Control Healthy animals without treatment

Sham received normal saline intratracheally

SeNPs Selenium Nanoparticles treatment without PF induction
BLM received bleomycin treatment intratracheally

BLM+SeNPs (Inflammatory phase)

PF + Selenium Nanoparticles treatment (a day after PF)

BLM+SeNPs (Fibrotic phase)

PF + Selenium Nanoparticles treatment (a week after PF)

SeNPs: Selenium Nanoparticles, BLM: Bleomycin, PF: pulmonary fibrosis.

Pulmonary fibrosis (PF) induction

Bleomycin-induced PF was induced in rats using the
protocols of Zaafan et al. [25]. In brief, rats were anesthetized via
intraperitoneal (IP) injection of a mixture of ketamine (100mg/kg)
and xylazine (10mg/kg). Thereafter, the trachea was cannulated.
For induction of PF, the rats received a single dose of 4mg BLM /kg
(Bleomycin, Cell Pharm Gmbh, Hannover, Germany) in 50l saline.
Sham animals received saline without BLM. The cannula was then
removed and the skin was sutured.

Characteristics of selenium nanoparticles (SeNP)

The hydrodynamic size of the nanoparticles was measured
by dynamic light scattering (DLS) (Malvern, Worcestershire,
UK) and zeta potential was measured by Zeta Sizer (Malvern,
Worcestershire, UK) according to the manufacturer’s instructions.

Administration of selenium nanoparticles (SeNP)

SeNPs (size ~23nm) were purchased from the Iranian
Nonmaterials Pioneers Company; NANOSANY (Mashhad, Iran).
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The purchased SeNPs were examined by transmission electron
micrograph (TEM) to confirm integrity (Figure 1). One day after
the treatment with BLM [or saline] (i.e., inflammatory phase), rats
received an IP dose of 0.5g SeNP/kg; this was repeated on each
of four successive days. On day 7 after treatment with BLM [or

saline] (i.e., fibrotic phase) parallel sets of rats received an IP dose
of 0.5g SeNP/kg; this was repeated on each of four successive days
[22]. This particular dose of SeNP was selected based upon the
study by Peng et al. [20].
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Figure 1: Transmission Electron Micrograph (TEM) of selenium nanoparticles (SeNP).
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Sample collection and analytical procedures

On day 21 after induction of PF (or dosing with saline), rats
were anesthetized with ketamine/xylazine and blood samples
were collected from the abdominal aorta. After euthanization
(exsanguination), the lungs were removed, weighed, and washed

with ice-cold saline. From this, the lung index was determined
[ratio of net lung weight (g): body weight (g)]. The right lung was
then immersed in 10% buffered formaldehyde for histopathologic
analysis. The left lung was placed at -80°C for later measures of
SOD and GPx activity, as well as of MDA and IL-6 levels. Each blood
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sample was centrifuged (10,000 RPM, 5min, 4°C), and the serum
was isolated and stored at -80°C, until later analysis of SOD, GPx
and MDA.

Body weight and lung index

All rats were weighed in the course of the experiment every 7
days. The changes in body weight were measured. Also, to assess
lung index, lung tissue was weighed. Lung index was determined
by the ratio of net lung weight (g) to the body weight (g) for each
rat.

Histopathology
Therightlung was fixed in buffered formaldehyde for one week

Table 2: Criteria for classification lung fibrosis described by Ashcroft et al.

atroom temperature. After this, the tissue was dried using graded
ethanol, fixed in paraffin, and then sectioned with 4um thickness.
The sections were then stained with hematoxylin and eosin (H&E)
to permit evaluation of the severity of interstitial fibrosis; Masson'’s
trichrome stain was also used to analyze collagen content. All
slides were examined by a certified histologist (blinded manner)
using alabomed 1x400 light microscope (Fremont, California, USA)
at 400 magnifications. The degrees of fibrosis and inflammation in
lung parenchyma were evaluated through the semi-quantitative
classification system Ashcroft et al. [26] (Table 2). A total of 10
fields/slide (and 10 slides/rat) was examined. The mean score of
all fields in each section was considered as the fibrosis score.

Score Historical features
0 Normal lung
1 Minimal fibrous thickening of alveolar or bronchiolar walls
2 Moderate thickening of walls without obvious damage to lung architecture
3 Increased fibrosis with definite damage to lung structure and formation of fibrous bands or small fibrous masses
4 Severe distortion of structure and large fibrous areas; “honeycomb lung” is placed in this category
5 Total fibrous obliteration of the field

Lung homogenate preparation

A small portion of the left lung (lower lobe) was isolated
and placed in phosphate-buffered saline (PBS, pH 7.4 to 100mg
tissue/ml). The samples were then homogenized using a WiseTis
HG-15D Homogenizer (Witeg Labortechnik GmbH, Wertheim,
Germany), centrifuged (4000-6000 RPM, 4°C) for ~20min, and
each supernatant was then recovered for use in the assaying of
SOD and GPx activities, as well as of MDA and IL-6 levels.

SOD, GPx and MDA

SOD, GPx, enzyme activities and MDA levels were analyzed
in lung homogenates and serum using commercial ELISA
kits (ZellBio, GmbH, Veltlinerweg, Germany), according to
manufacturer protocols. Homogenate IL-6 level was measured
via an ELISA kit (Biorbyt, Cambridge, UK). The sensitivity of the
kits was 1 U SOD/ml, 10U GPx/ml, 0.1pM MDA, and 15pg IL-6/ml.
All samples were analyzed in triplicate. All ELISAs were evaluated
using a Synergy HT Multi-microplate reader (BioiTek, Winooski,
VT).

Statistical Analysis

All data are presented as mean * SEM. To compare differences
in body weight between groups, a two-way analysis of variance
(ANOVA) was performed using student’s t-test. For evaluation of
outcomes based on histology, as well as lung indices, a one-way
ANOVA was used. In all cases, a p-value <0.05 was considered

significant. All analyses were performed using SPSS v.21.0
(Sacramento, CA).

Result

Hydrodynamic size and surface charge of selenium
nanoparticles

The results of DLS showed that the hydrodynamic size was 25
+2nm and the results of Zeta potential indicated that the surface
charge was -29mV.

Body weights and lung Index

Body weights of BLM rats were significantly decreased
compared with control rats at 21 days’ post-treatment (p <0.001).
Dosing with SeNP during the inflammatory phase inhibited the loss
of weight (p <0.001). In contrast, administration of SeNP initiated
during the fibrotic phase did not affect body weights (p = 0.11)
(Figure 2A). As with body weights, the lung index was significantly
changed on Day 21 (df: 5; F = 120.13; p <0.001) (Figure 2B). In
BLM-only-treated rats, there was a significant increase in lung
index compared to in control rats (p <0.001). Dosing with SeNP
during the inflammatory phase led to a significant decrease in
index compared with values for the BLM-only counterparts (p
<0.001). In contrast, administration of SeNP initiated during the
fibrotic phase did not affect lung index compared to the BLM-only
values (p = 0.41). There were no significant differences between
score values among the control, sham, and SeNP-only rats.
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Figure 2: Effect of SeNP administration on body weights (A) (means + SD) and lung index (B) (means + SEM). Body weights significantly
increased following SeNP dosing during inflammatory phase compared to in BLM-only animals (PF). Lung index significantly decreased
following SeNP dosing during inflammatory phase compared to in BLM-only animals (PF). **p <0.01 vs. control; #p <0.01 vs. BLM.
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Masson’s trichrome were seen 21 days after BLM injection
(Figure 3A, 3B). Control animals showed normal histological

evidence of extracellular matrix deposition. There was also
increased interstitial collagen deposition. In rats dosed with SeNP
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Figure 3: Effect of SeNP on histology of lung at Day 21. Masson’s trichrome (Figure A): Increased interstitial collagen deposition in
BLM compared to normal animals. Hematoxylin and eosin staining (Figure B): Normal lung rat showing normal histological structure of
bronchioles and clear alveoli. BLM group showed increased inflammatory cell infiltration, proliferation of fibroblasts, and extracellular matrix
deposition. SeNP administration during inflammatory phase improved the histological alterations caused by BLM. Viewed at a magnification
of x400. Ashcroft’s fibrosis scoring (Figure C): Data shown are means + SEM (n = 10/group). Fibrosis scores significantly decreased
following SeNP dosing during inflammatory phase compared to in BLM-only animals (PF). **p <0.01 vs. control; #p <0.01 vs. BLM
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Administration of SeNP during the fibrotic phase did not
give rise to pathologic changes similar to what occurred with
dosing during the inflammatory phase. Ashcroft’s fibrosis scoring
showed the differences between the groups on day 21 after
BLM injection (p <0.001) (Figure 3C). Administration of BLM
resulted in significant increase in scores for fibrosis (p <0.001).
Administration of SeNP during the inflammatory phase led to a
significantly lowered score compared to BLM-only rats (p <0.001).
Administration of SeNP during the fibrotic phase had no effects
on the BLM-induced fibrosis (p = 0.99). In no cases were there
significant differences between score values among the control,
sham, and SeNP-only rats.

Glutathione peroxidase (GPx) activity

Analysis revealed changes in GPx activity in the serum on day

21 after BLM injection (p <0.001), with values being significantly
decreased compared to control (Figure 4A). Injection of SeNP
during the inflammatory phase caused a significant increase
in serum GPx compared to that of the BLM-only rats (p = 0.02),
with values reaching those of control rats (p = 0.30). GPx in lung
homogenates (p <0.001) were significantly decreased as a result
of BLM (Figure 4B). Injection of SeNP during inflammatory phase
caused a significantincrease in lung homogenate GPx compared to
that seen in the BLM rats (p = 0.008), with levels reaching those in
control rats (p = 0.30). In contrast, administration of SeNP during
the fibrotic phase did not results in any changes of GPx in serum
or lung homogenates compared to BLM-only rats (p = 0.33 and p
=0.93, respectively). In no cases were there significant differences
between values among the control, sham, and SeNP-only rats.
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Figure 4: Effect of SeNP on glutathione peroxidase [GPx] in serum and lung homogenates. Data shown are means + SEM (n = 10/group).
Serum GPx significantly increased after SeNP dosing during inflammatory phase compared to in BLM-only animals (PF). **p <0.01 vs.
control; #p <0.05 vs. BLM; *p < 0.05 vs. control (Figure A). Homogenate GPx significantly increased after SeNP dosing during inflammatory
phase compared to in BLM-only animals (PF) **p <0.01 vs. control; #p <0.01 vs. BLM; *p <0.05 vs. control (Figure B).
\ J

Superoxide dismutase (SOD) activity

Treatment with BLM led to a significant decrease in serum
SOD on day 21 (p <0.001) (Figure 5A). Administration of SeNP
during the inflammatory phase caused significant increase
in serum SOD compared to that of BLM-only rats (p = 0.035).
Similarly, BLM administration caused significant decrease in SOD
in lung homogenates (p<0.001) (Figure 5B). Administration of
SeNP during the inflammatory phase caused a significant increase
in lung homogenate SOD compared to that of BLM-only rats (p =
0.017), with levels reaching those seen in control rats (p = 0.55).
No changes were seen in SOD in the serum or lung homogenates
((p = 0.66 and p = 0.38, respectively, relative to in BLM-only rats)
in rats that received the SeNP during the fibrotic phase. In no
cases were there significant differences between values among
the control, sham, and SeNP-only rats.

Malondialdehyde (MDA) levels

On day 21 after BLM administration, rats presented enhanced
serum MDA levels (index of lipid peroxidation) (p <0.001) (Figure
6A). Treatment with SeNP during the inflammatory phase resulted
in significant decrease in serum MDA (p = 0.021). It was also seen

that BLM alone led to a significant increase in MDA level in lung
homogenates (p <0.001) compared with the controls (Figure 6B).
Compared to the BLM-only rats, SeNP treatment led to significant
decrease in these levels in the homogenates (p <0.001) to the
point that they were on par with control group levels (p = 0.26).
There were no significant differences in MDA levels in serum and
homogenates between the BLM and fibrotic groups (p = 0.60 and p
= 0.12 respectively). In no cases were there significant differences
between values among the control, sham, and SeNP-only rats.

Interleukin (IL)-6 levels

Lung homogenate IL-6 levels were significantly increased in
BLM rats after 21 days (p <0.001) (Figure 7). Administration of
SeNP during the inflammatory phase caused a significant decrease
in homogenate IL-6 levels compared to those in the BLM-only
rats (p = 0.006), with levels reaching those seen in control rats
(p = 0.10). In contrast, administration of SeNP during the fibrotic
phase did not lead to any change in lung homogenate IL-6 levels
relative to those in the BLM-only rats (p = 0.072). In no cases were
there significant differences between values among the control,
sham, and SeNP-only rats.
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Figure 5: Effect of SeNP on superoxide dismutase [SOD] in serum and lung homogenates. Data shown are means + SEM (n = 10/group).
Serum SOD significantly increased after SeNP dosing during inflammatory phase compared to in BLM-only animals (PF)** p <0.01 vs.
control; #p <0.05 vs. BLM (Figure A). Homogenate SOD significantly increased after SeNP dosing during inflammatory phase compared to
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in BLM-only animals (PF)**p <0.01 vs. control; #p <0.05 vs. BLM; *p <0.05 vs. control (Figure B).

Figure 6: Effect of SeNP on malondialdehyde [MDA] level in serum and lung homogenates. Data shown are means + SEM (n = 10/group).
Serum MDA levels significantly decreased following SeNP dosing during inflammatory phase compared to in BLM-only animals (PF). **p
<0.01 vs. control; #p <0.05 vs. BLM (Figure A). Homogenate MDA levels significantly decreased after SeNP dosing during inflamma-tory
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phase compared to in BLM-only animals (PF). **p <0.01 vs. control; #p <0.01 vs. BLM (Figure B).

Figure 7: Effect of SeNP on lung homogenate IL-6 level. Data shown are means + SEM (n = 10/group). Homogenate IL-6 level significantly
decreased following SeNP dosing during inflammatory phase compared to in BLM-only animals (PF) **p <0.01 vs. control; #p <0.01 vs.

BLM.
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Discussion

The current study evaluated the effects of administration of
SeNP on oxidant/antioxidant status and potential improvements
against BLM-induced pulmonary fibrosis (PF) in rats. The results
showed that administration of SeNP during the inflammatory
phase increased GPx and SOD enzymes activities, and decreased
levels of MDA and inflammatory IL-6. The data also showed
SeNP application at that point mitigated BLM-related effects on
body weight and lung indices, as well as on histologic markers of
damage. Treatment with SeNP starting in the fibrotic phase did
not have any beneficial effects. The main part of the pathogenesis
of pulmonary fibrosis is an inflammatory response. That is the
initial response, as a result, the employment of both residents and
circulating lymphocytes, neutrophils, and macrophages.

These Inflammatory cells can produce large quantities of
reactive oxygen species (ROS) and inflammatory cytokines like IL-
6, which stimulate proliferation, migration, secretory activities, and
production of collagen by fibroblasts which eventually contributes
to pulmonary fibrosis [9,27,28]. It is well-known that BLM causes
oxidative damage and increases ROS production by inflammatory
cells in the lungs [29]. In addition to oxidative stress, intratracheal
injection of BLM leads to increased expression of IL-6 and this
cytokine could exacerbate the lung injury [30]. SeNPs have lower
toxicity and high biological activities than selenium itself (or
various forms, soluble/insoluble selenium) [19]. Several studies
have shown that SeNPs have anti-inflammatory and antioxidant
activities in vivo and in vitro [21,31,32] which this confirms our
results in the antioxidant and anti-inflammatory effects of SeNP in
inflammatory phase.

In the present study, BLM led to increased levels of MDA
(marker for lipid peroxidation) in the blood and lung tissues,
inflammatory IL-6 in lung tissues, and a simultaneous reduction
amount and activity of antioxidant GPX and SOD in sera and lung
tissues. These findings were similar to those in previous reports
[25]. Furthermore, the study here found that treatment with SeNP
during the inflammatory phase significantly reduced MDA levels
in serum and lung tissues, IL-6 in lung tissues, and simultaneously
increased levels of GPx and SOD in serum and lung tissues. These
data are consistent with results of Ali E et al. who showed that
SeNP had a potential to significantly increase GPx and SOD and
improve the markers of oxidative damage during lung cancer [23].
Here, SeNP treatment during the inflammatory phase seemed
to mitigate negative effects of BLM on SOD, GPx and MDA; such
outcomes might be related to antioxidant effects from the SeNP
[33,34].

Such antioxidant proprieties of SeNP have previously been
demonstrated through decreases in MDA levels and increasing
the activity of GPx and SOD in the livers of mice treated
with cyclophosphamide [35]. It has been reported that BLM
administration in rat leads to an immediate increase in the

008

production of IL-6 [9]. In accordance with these findings, in the
current study, it was seen that levels of this inflammatory cytokine
were significantly increased in BLM groups. Application of the
SeNP during the inflammatory phase causes significant decreases
in lung levels of IL-6. Such results were in agreement with those
of Zaid et al. who showed SeNP administration led to decreased
levels of brain tissue IL-6 that had been altered in association with
a neurotoxicity induced by acrylamide [24].

It has been shown that the prescription of SeNP is capable
to ameliorate the activity of antioxidant enzymes such as GPx,
CAT, and SOD and decrease the level of MDA [36]. Turgut et al.
witnessed a significant improvement in lung fibrosis score, body
weight, lung Index, activity of antioxidant enzymes, MDA, I-6 levels
by intratracheal BLM application into rat lung by the treatment
of naringin, an antioxidant and anti-inflammatory agent, given
5min after administration of BLM for 14 consecutive days [6].
In addition, Akgedik et al. reported that lung fibrosis score,
hydroxyproline content, accumulation of inflammatory cells in
bronchoalveolar lavage (BAL) fluid, MDA and total antioxidant
capacity in the lung tissue and serum were improved following
oral administration of Resveratrol as an antioxidant and anti-
inflammatory compound compared to the BLM group [37].

In another study, Kilic et al. [38] reported administration of
apocynin as an ROS production inhibitor before (12hr before) and
after (14 days after) BLM injection. Apocynin caused a significant
increase in GPx activity and significantly decreases in lung levels
of MDA, IL-6, and IL-8, and reversed/mitigated histological
damage (all compared to lungs of rats that received only the BLM
treatments) [38]. The authors in the above studies suggested that
their test agents might have protective and therapeutic effects
against BLM-induced lung fibrosis. In contrast, the present data
showed that SeNP only was effective during the inflammatory
phase (i.e., could improve [reduce] pulmonary fibrosis scores,
cause increase in GPx and SOD activity, decrease MDA and IL-6
levels) but did not show any therapeutic effects during the fibrotic
phase. In another study, Hassanin et al. evaluated the effect of
antioxidant SeNP on thyroid damage by oxidative stress. They
showed that the prescription of SeNP for 5 consecutive days was
able to improve the activity of antioxidant enzymes in the thyroid
gland.

Furthermore, the prescription of SeNP alone in the nano-
selenium-treated group had no toxic effect in compared to
control group [22]. Mohammed et al. [34] reported that selenium
nanoparticles in two different sizes, i.e.,, 3-5nm and 10-20nm,
exerted antioxidant effects and could decrease the MDA level
and tumor necrosis factor (TNF)-a [34]. The mechanism through
which SeNP could limit fibrosis seems probably to be related to
its capability to diminish oxidative damage and IL-6 in the lung
structures in the inflammatory phase of the disease process.
However, with advancement of the disease and onset of fibrotic
processes (i.e., proliferation of fibroblasts. collagen deposition),
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treatment with SeNP was not effective. It appeared that anti-
fibrotic agents would be needed for treatment at this phase
of the disease. The present study was the first in vivo study to
investigate potential effects of SeNP on the restoration of the
activity of antioxidant enzymes and levels of anti-inflammatory
factor following induction of PE.

Conclusion

The results of the current study have shown that SeNP due to
anti-inflammatory and antioxidant properties could significantly
suppress BLM-induced pulmonary fibrosis (PF) in rats when
administered during the inflammatory phase of PE These
changes were accompanied by significant reductions in lung lipid
peroxidation levels and increases in the activities of antioxidant
enzymes. On the other hand, when provided during the fibrotic
phase of PF, the SeNP could not have any ameliorative effects.
Thus, it seems these compounds are not a viable option for the
treatment of PF in its advanced stages. Still, based on the findings,
SeNP may be a promising new therapeutic for potential use in
early stages of PF.
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