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ABSTRACT
Background: The purpose of this study was to compare the effects of saffron and
methylprednisolone on bleomycin-induced pulmonary fibrosis in rats.
Methods: This study was conducted in Bushehr, southern Iran in 2017.The animals were divided
into four groups of five rats each. Three groups were injected with a single intratracheal dose of
bleomycin (5 mg/kg). The fourth group was administered with normal saline at the same volume
(200 µl). Saffron extract dissolved in water was given to one group (100 mg /body weight) orally
while intraperitoneal injection of methylprednisolone (2.5 mg/kg) injected to another one for 16
days. The rats were sacrificed 28 days following surgery and their right and left lungs were
removed and washed for measuring lung indices, myeloperoxidase activities and finally
histopathological examination.
Results: Injection of bleomycin caused decrement of body weight aggravated by intraperitoneal
methylprednisolone treatment. Lung indices were increased in the bleomycin-treated group
compared with the control, while methylprednisolone, unlike saffron, had no preventive effects on it.
Both saffron and methylprednisolone treatment prevented the increase in lung myeloperoxidase as
a destructive enzyme. In addition, excessive collagen deposition and thickening of alveolar septa
were significantly prevented with saffron treatment as compared to methylprednisolone injection
following hematoxylin and eosin staining.
Conclusion: Saffron with established antioxidant properties could prevent some detrimental
effects in bleomycin-induced pulmonary fibrosis even more than methylprednisolone injection
known as a standard therapy in this murine model. More investigations must be carried out to
examine the beneficial or harmful effects of this remedy.
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INTRODUCTION
Idiopathic pulmonary fibrosis (IPF) is considered
to be a chronic and developing lung disorder with
poor prognosis leading to death among all
interstitial lung diseases. It usually affects people
over 50 yr old with median survival of 2-4 yr after
medical diagnosis [1]. Unfortunately, there is no
effective remedy to overcome the fibrotic process
induced by this disorder. Pulmonary fibrosis can be
produced by intratracheal injection of bleomycin as
one of the best animal model resembling IPF. In
this model, the disorder is well characterized and
clinically relevant to the original disease [2].

Methyl-prednisolone is known as an effective
corticosteroid drug used for treatment of chronic
lung diseases including idiopathic pulmonary
fibrosis since 50 years ago [3]. Huge fibrosis
without significant inflammation will not be cleared
by using corticosteroid therapy in elderly patients
[4].
The saffron (Crocus sativus) is collected and
dried as flavor for food all over the world,
especially in northeastern of Iran. This plant has
significant antioxidant, antinociceptive, cardio
protective and anti-inflammatory effects [5, 6].
Lung transplantation is the final procedure to
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increase the life span in IPF since effectiveness of
the different drugs to overcome this disorder is
questionable. Antioxidant properties of different
plants like curcumin and naringin could attenuate
the fibrotic process [7, 8].
The purpose of this preliminary study was to
evaluate the antifibrotic effects of saffron on
bleomycin-induced fibrosis in rats by measuring
myeloperoxidase level as one of the destructive
enzymes in lung tissue homogenates in addition to
histopathological evaluation. Moreover, the effects
of saffron on bleomycin-induced fibrosis will be
compared with methylprednisolone therapy as a
standard treatment in rats [9].

MATERIALS AND METHODS
Animals
Male Wistar rats (200–250 gr) were purchased
from Animal Breeding Center, Shiraz, Iran in 2017.
They were housed in groups of three in
polycarbonate cages with 12-h light and dark cycles
and had free access to water and normal laboratory
chow in animal house of Bushehr University of
Medical Sciences.
All experimental procedures were approved by
the Ethical Committee for animal care of this
university.

Chemical Agents
Aqueous Saffron solution (10 g dissolved in 100
ml of distilled water) was kindly donated from
Iranian Zardband Pharmaceutical Company.
Myeloperoxidase ELISA assay kit was purchased
from ZellBio GmbH Company of life sciences
(Germany). Methylprednisolone acetate ampule
(40mg/ml) was purchased from Iranian Caspian
Tamin Company.

Experimental Protocol
Rats were anesthetized with intraperitoneal
injection of ketamine (100mg/kg) and xylazine (10
mg/kg) and placed supine on the heated operating
table to keep the temperature at 37 °C monitored
with a rectal tube connected to a thermistor
(Physitemp BAT-12; Texas Scientific Instruments,
San Antonio, Texas, USA). The animals were
randomly divided into four groups of five rats each,
i.e., negative control (NC), positive control (PC),
saffron (S) and methylprednisolone (MP). Rats in
the group NC were instilled normal saline (200µl)
intratracheally, and the other groups received
bleomycin (5mg/kg dissolved in NS at the same
volume) to induce bleomycin mediated pulmonary
fibrosis. The animals in MP group were treated with
2.5 mg/kg of methylprednisolone intraperitoneally
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for 16 d while normal saline solution was injected
into the other groups with the same schedule. Rats
in group S were treated with 100mg/kg saffron
solution orally (once daily) while the other groups
received water alone [9-11]. At the end of our study
(28 days following bleomycin injection), the
animals were anesthetized and sacrificed. The lungs
were removed and washed with cold normal saline.
The left lungs were kept in 10% formaldehyde for
histological analysis by using Hematoxylin and
Eosin staining. The right lungs were minced and
reserved at -80 °C until analysis.
For light microscopic analysis, small pieces were
fixed in 10% formaldehyde and placed in paraffin.
Tissue segments were stained with H&E to find out
the general morphology and detection of pulmonary
fibrosis under a photomicroscope (Olympus BX51
Tokyo, Japan).
Lung samples were homogenized in a (10%)
phosphate buffer on ice powder. The supernatants
were collected and stored at -20 °C after
centrifugation
(2000
gr
for
20
min).
Myeloperoxidase activity was measured with the
Commercial kit (Zellbio Company, Germany) [8].

Statistical Analysis:
Statistical analysis was performed using SPSS,
version 16.0 (Chicago, IL, USA). Data are
presented as mean ± SD. Statistical differences
between groups were analyzed by one-way analysis
of variance, followed by Tuckey multiple
comparison tests. P-value <0.05 was considered as
statistically significant.

RESULTS
Body Weight and Lung Indices
A
significant
weight
decrement
in
methylprednisolone treated rats was observed,
peaking at day 15, as compared with the other
groups (Fig. 1A). There was a statistically
significant increase (P<0.05) in lung indices
(dividing lung weight by body weight, multiplying
by 100) of bleomycin group when compared to the
normal saline. Moreover, saffron instillation
(100mg/kg) showed a notable decrease in this
parameter compared to bleomycin group, while
methylprednisolone treatment had no effects
(P<0.05).

Myelo Peroxidase Activity
This parameter increased significantly following
administration of bleomycin as compared with the
control (0.43 IU/ml versus 0.166 IU/ml). Saffron
consumption and methylprednisolone treatment
showed notable decrease of this marker (0.21 IU/ml
and 0.29 IU/ml) respectively (P<0.05) (Fig. 2)
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Figure 1. Effects of saffron and methylprednisolone treatment on body weight (1A) and lung indices (1B) in
rats with fibrosis. Data are given as mean ± SD from five rats in each group. aP<0.05 compared with the control
group, bP<0.05 compared with bleomycin group.

Figure 2. Effects of normal saline, bleomycin, bleomycin plus saffron and finally bleomycin plus
methylprednisolone on MPO in lung homogenates.Data are presented as mean ±SD (n=5).Treatment with
saffron and methylprednisolone lowered the lung MPO activity on day 28 versus bleomycin group .aP<0.05
versus saline control group; bP<0.05 versus bleomycin group.

Histopathological Differences
The lungs were examined with light microscope
at the end of study. Contrary to control group, in
bleomycin-treated rats, narrowing of alveolar sacs,
gross thickening of alveolar septa, and
accumulation of inflammatory cells were seen (Fig
3A-B).

Furthermore,
saffron
treatment
exhibited
protection against bleomycin-induced detrimental
changes including decreased cellular infiltration and
thickening of alveolar septa (Fig. 3 D). In addition,
in methyl-prednisolone group less protective effects
on destructive pathological changes were seen
compared to saffron (Fig. 3 C).

Figure 3. Effects of saffron and methylprednisolone on bleomycin-induced lung injury on prepared lung tissue
with Hematoxylin and Eosin staining. A) Normal saline-treated group on day 28 showing no pathological
alterations. B) Bleomycin group, with marked inflammation in lung tissues and increasing lung septa.
C)Bleomycin/Methylprednisolone group showing moderate inflammation in lung tissues.
D)Bleomycin/Saffron-treated group with mild thickening of septa.
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DISCUSSION
Idiopathic pulmonary fibrosis is characterized by
an unknown lung disorder with a poor prognosis.
Airway inflammation and lung injuries due to cytokine release are involved in fibrotic nature. Overall,
Corticosteroids like methyl-prednisolone has been
introduced as an accepted anti-inflammatory therapy in animal models of bleomycin-induced pulmonary fibrosis [12]. Weight decline due to acute injury in lung parenchyma is a common observation in
this animal model [13].
In the present study, methylprednisolone
treatment decreased significantly the body weight
peaking at 15 d as compared to other groups
following the same procedure (Fig. 1). Based on
this study, this agent had a poor capacity for
maintaining weight gain and general well-being in
the murine fibrotic model. Saffron may be used as
an antitussive, anticatarrhal, carminative and
claimed to have aphrodisiac properties [14].
The ameliorative effects of saffron on bleomycininduced fibrosis in murine models were confirmed
in our previous experiment [11]. Contrary to
methylprednisolone, the measure of the body
weight had no change with oral saffron treatment
during our study compared to control (Fig. 1A). It is
indicated of the beneficial effects of this remedy in
maintaining weight gain similar to previous studies
on plants extract [15]. On the contrary to
methylprednisolone treatment, saffron had no
statistically significant differences in lung indices as
compared with the control (P<0.05), showing its
prominent antifibrotic properties (Fig. 1B). It
suggests similarities between this plant and other
established
antifibrotic
remedies
including
apigenin,
naringin,
and
baicalein
against
bleomycin-induced fibrosis [16, 17].
Lung myeloperoxidase measurement (U/mg
protein) is used to reveal leukocyte accumulation
and activity since these trapped immune cells
secrete different cytokines and reactive oxygen
species leading to the repair process [18, 19].
Notably, increased MPO activity in bleomycinexposed rat as compared to the control (0.43 U/mg
versus 0.16 U/mg) indicates the induction of lung
injury. Importantly, treatment with saffron
significantly decreased the activity of this enzyme
compared with bleomycin-treated rats (0.21 U/mg
versus 0.43 U/mg). The preventive effects of low
dose of dexamethasone were studied on bleomycininduced lung fibrosis [20]. Methylprednisone
treatment (2.5 mg/kg) after 16 d significantly
reduced lung MPO activity, while dexamethasone
12
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(0.5 mg/kg) showed no effects [20]. This finding
may be stemmed from differences between their
doses, salt retention and finally half-lives [21].
Fibroblasts as the producers of collagen in
pulmonary fibrosis originate from the epithelial
mesenchymal-transition in experimental animal
fibrosis [22, 23]. Saffron diminished the formation
and extent of the fibrotic process, induced by
bleomycin. This effect was obviously more than
methylprednisolone treatment as a standard
corticosteroid therapeutic drug. Nonetheless,
saffron diminished leukocyte infiltration and
alveolar thickness as compared with bleomycin
alone (Fig. 3D versus 3C).

CONCLUSION
This preliminary study introduces saffron as a
candidate to attenuate the fibrotic process induced
by bleomycin in rats. Our findings support the
notion of the beneficial effects of this plant on
weight gain, lung indices and histopathological
alterations compared with methylprednisolone as a
standard treatment in murine models [24].
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