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ARTICLE INFO ABSTRACT

Allergic asthma is a chronic respiratory disease with a prevalent T helper (Th2)-mediated immune reaction.
Crocin, the major bioactive constituent of saffron, has been reported in multiple studies to have numerous
pharmacological activities, including prominent anti-oxidant activities. In the current study, the anti-asthmatic
potential of crocin was evaluated. Adult male Swiss Albino mice were administered 10 mg of ovalbumin (OVA)
mixed with 1 mg of aluminum hydroxide intraperitoneally on days 0 and 7 and were administered crocin
(25 mg/kg) orally daily for 16 days. Asthma progression was associated with significant increase in the lung/
body weight index, inflammatory cell counts in bronchoalveolar lavage fluid (BALF), lung total protein content,
and serious index of lung permeability, indicating pulmonary edema with accumulation of serous fluids within
the lungs. Serum lactate dehydrogenase (LDH) activity and lung malondialdehyde (MDA) content were sig-
nificantly increased, while lung superoxide dismutase (SOD) activity, reduced glutathione (GSH) levels, and
serum and lung catalase activities were significantly decreased. These changes reflect significant pulmonary
inflammation with concomitant disturbance of oxidant/antioxidant homeostasis. Moreover, tumor necrosis
factor (TNF)-a, interleukin (IL)-4, and IL-13 contents in the lung were also significantly high after OVA sensi-
tization. Crocin treatment significantly alleviated the OVA-induced allergic asthma-associated alterations in
inflammatory and oxidative stress biomarkers. Crocin enhanced anti-oxidant defenses, reduced the incidence of
oxidative stress, and restored pro-inflammatory cytokines to normal levels. Histopathological analysis showed
significant lung improvement in crocin-treated mice. In conclusion, crocin showed a significant protective effect
against allergic asthma progression, which was associated with down-regulation of inflammatory cytokine ex-
pression and restoration of oxidant/antioxidant homeostasis.
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1. Introduction

The lungs are a pair of spongy, air-filled structures located on both
sides of the chest. Inhaled air is conducted through the trachea down to
the lungs and through its tubular branches, the bronchi and bronch-
ioles, finally to microscopic air sacs called alveoli. Within the lungs,
pulmonary macrophages, neutrophils, and eosinophils are the first line
of defense against any form of tissue injury [1].

Allergic asthma is a progressive, chronic, pulmonary inflammatory
disorder with a prevalent T helper (Th) 2- mediated immune reaction to
inhaled allergens. It is usually characterized by bronchial hyper-re-
activity and recruitment of various types of inflammatory cells, parti-
cularly mast cells, eosinophils, and lymphocytes, with hyperplasia of
both smooth muscle and goblet cells and elevated serum IgE levels [2].
Several cytokines, including IL-4, IL-5, and IL-13 have been reported to
contribute to both the initiation and challenge phases of an asthmatic

attack [3].

Understanding the mechanisms by which allergen challenge modi-
fies immune and tissue responses can contribute to the development of
new effective therapies with high safety profiles and wide therapeutic
indices, which may offer an attractive treatment approach for the
millions of asthmatic patients worldwide [4].

Crocin is a hydrophilic carotenoid that constitutes 6-16% of the
total dry matter of saffron. It is a diester of the disaccharide gentiobiose
and the dicarboxylic acid crocetin. Crocin 1 is the most abundant water
soluble crocin derivative, due to the presence of sugar moieties [5].
Historically, saffron was widely used to promote health and fight dis-
ease [6]. In traditional medicine, saffron has been used as diaphoretic,
eupeptic, expectorant, tranquilizer, aphrodisiac, as emmenagogue, and
abortifacient. It has also been reported to be effective for the treatment
of hepatic disorders, vomiting, spasms, flatulence, gingival and dental
pain, insomnia, cognitive disorders, seizures, depression, lumbago,
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cold, asthma, cough, bronchitis, fever, cancer, and cardiovascular dis-
orders [7].

This study was conducted to evaluate the potential beneficial effects
of crocin against progression of allergic asthma and its associated pa-
thological and biochemical consequences in an experimental model of
ovalbumin (OVA)-induced allergic asthma in mice.

2. Materials and methods
2.1. Animals

Forty adult male Swiss Albino mice (obtained from the Egyptian
Organization for Biological Products and Vaccines [VACSERA], Giza,
Egypt), weighing 20-25 g, were used in this study. The animals were
housed under standard environmental conditions and fed a standard
diet during the entire study. All animal handling and experimentation
were conducted in compliance with the ethical guidelines for labora-
tory animal experimentation adopted by the Research Ethics Committee
of the Faculty of Pharmacy, Mansoura University, Egypt.

2.2. Drugs and chemicals

Crocin, as an orange fine powder, was purchased from Sigma
Chemical Co. (St. Louis, MO, USA). It was dissolved in 0.5% carboxy
methyl cellulose (CMC) for oral administration and was prepared im-
mediately before use. OVA, as a cream-colored white powder, was
obtained from Loba Chemie PVT. Ltd. (Bombay, India).

2.3. Experimental design and treatment

Allergic airway asthma was induced as described by Hsu et al. [8].
Briefly, mice were sensitized by an intraperitoneal (IP) injection of
10 mg of OVA mixed with 1 mg of aluminum hydroxide on days 0 and 7
of the experiment, and the mixture was vortexed prior to injection to
ensure uniform sampling. Animals were randomly allocated into four
experimental groups (10 mice/group): the normal control, which was
administered 0.2 mL of (0.9% w/v) NaCl IP on days 0 and 7 and 0.5%
CMC (5 mL/kg, orally) daily for 16 days (days 0-16); the crocin control
group, which was administered 0.2 mL of (0.9% w/v) NaCl IP on days 0
and 7 and crocin (25 mg/kg, orally) daily for 16 days; the allergic
airway control group, which was sensitized with OVA as described
above and was administered 0.5% CMC (5 mL/kg, orally) daily for
16 days; and the crocin-treated group, which was sensitized with OVA
as described above and was administered crocin (25 mg/kg, orally)
daily for 16 days, starting from day 0 [9].

Mice in all experimental groups, except the normal and crocin
control groups, were challenged by exposure to 1% OVA in normal
saline using an ultrasonic nebulizer. A large exposure box system was
used, in which all the mice in the same experimental group were ex-
posed to nebulized OVA (1%), with an adjusted flow rate for 1 h per day
on days 14-16 [10,11], whereas the normal and crocin control groups
were exposed to a normal saline aerosol.

The crocin control group showed no significant differences com-
pared to the normal control group; thus, the data from the crocin
control group were omitted to simplify the presentation of the results.

2.4. Specimen collection

Mice were sacrificed 24 h after the last OVA challenge, and blood
samples were collected under deep sodium thiopental (40 mg/kg) an-
esthesia via the retro-orbital plexus. Collected blood samples were al-
lowed to coagulate for 20 min, and then sera were separated by cen-
trifugation (765 g for 15 min). Prepared serum samples were used
immediately for biochemical assessments.
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2.5. Bronchoalveolar lavage fluid (BALF) preparation and quantification of
total and differential inflammatory cells

After blood samples were collected, the thoracic cavity was opened,
and the upper segments of the trachea were exposed and cannulated.
Ice-cold saline (0.5 mL) was infused and then extracted twice to collect
BALF. The mean total retrieval volume was approximately
0.70 = 0.30 mL per mouse. The BALF was centrifuged (340 g, 4 °C,
10 min) [12], and the cell pellets were resuspended in 200 pL of fresh
saline. Total and differential inflammatory cells were quantified using a
hemocytometer by the trypan blue exclusion method as described by
Said et al. [13]. Lymphocytes, neutrophils, eosinophils, and monocytes
were quantified using cytospin smears stained with DiffQuick [14].
After BALF collection, the lungs were harvested, rinsed in ice-cold
saline, and weighed to calculate the lung/body weight index.

2.6. Lung homogenate preparation (10% w/v) and biochemical assessment
of lung malondialdehyde (MDA) content, superoxide dismutase (SOD)
activity, reduced glutathione (GSH) content, catalase activity, and total
protein content

Tissue samples (500 mg) from the isolated right lobes of the lungs
were homogenized by sonication in 5 mL of ice-cold KCl [15]. Mal-
ondialdehyde (MDA) content [16], superoxide dismutase (SOD) activity
[17], reduced glutathione (GSH) concentration [18], and catalase ac-
tivity [19] in lung homogenates were determined using Biodiagnostic
assay kits (Giza, Egypt) according to the manufacturer's instructions.
The BCA Protein Assay kit (Thermo Scientific, Rockford, IL, USA) was
used for quantitative assessment of total lung protein content.

2.7. Biochemical assessment of serum LDH and catalase activities

Serum LDH and catalase activities were determined using com-
mercially available Biodiagnostic assay kits (Giza, Egypt) according to
the manufacturer's instructions and as described previously [20,19],
respectively.

2.8. Biochemical assessment of tumor necrosis factor-a (TNF-a),
interleukin-4 (IL-4), and IL-13 levels in the lungs

TNF-a, IL-13, and IL-4 levels in the lung were determined using
commercially available ELISA assay kits (Bender MedSystems GmnH,
Vienna, Austria) according to the manufacturer's instructions. The de-
tection limits for mouse IL-4, IL-13, and TNFa were 2.0 pg/mL, 2.8 pg/
mlL, and 3.7 pg/mL, respectively.

2.9. Histopathology

The left lobes of isolated lungs were fixed with 10% buffered for-
malin, and tissue slides were prepared. The slides were stained with
hematoxylin and eosin (H&E) to evaluate the histopathological al-
terations due to allergic asthma and the effects of crocin administration.
Slides were examined randomly, and the pathologist was blinded to the
experimental group.

Inflammation was scored semi-quantitatively as described by Zeldin
et al. [21] and Elekes et al. [22] and based on the evaluation of peri-
vascular edema, perivascular/peribronchial acute inflammation, and
the numbers of macrophages/mononuclear cells in the alveolar spaces.
The scores of the individual parameters were summed to yield a com-
posite inflammatory score of 0-10.

2.10. Statistical analysis

+

Data are expressed as mean SEM. ANOVA followed by Tukey-
Kramer's post-hoc test and Kruskal-Wallis followed by Dunn's post-hoc
test were used for statistical comparisons between parametric and non-
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Fig. 1. Effect of daily oral administration of crocin (25 mg/kg) for 16 days on the lung/
body weight index in asthmatic mice

Data are expressed as mean * SEM of 10 mice per group.

Allergic airway inflammation was induced by IP injection of 10 mg of ovalbumin and
1 mg of aluminum hydroxide, on days 0 and 7, and crocin was administered orally once
daily from days O to 16.

Statistical analysis was performed using ANOVA followed by Tukey-Kramer's multiple
comparisons test.

*Significantly different vs. the normal control, p < 0.05.

#Significantly different vs. the asthmatic control, p < 0.05.

parametric data, respectively, using Instat-3 software (V2. 04; Graph
Pad Software Inc., San Diego, CA, USA). P values < 0.05 were con-
sidered statistically significant.

3. Results

3.1. Effect of daily oral administration of crocin (25 mg/kg) for 16 days on
lung/body weight index in asthmatic mice

As shown in Fig. 1, OVA sensitization and repeated challenge in-
duced a significant increase in the lung/body weight index when
compared to that in normal control mice (by ~ 1.5 fold). Administration
of oral crocin (25 mg/kg) once daily for 16 days significantly reduced
the lung/body weight index by approximately 16% compared to that of
the diseased asthmatic control.

3.2. Effect of daily oral administration of crocin (25 mg/kg) for 16 days on
the total and differential cell counts in BALF from asthmatic mice

As shown in Fig. 2, the total inflammatory cell count in asthmatic
mice was significantly (~5-fold) higher than that in normal control
mice, and the numbers of eosinophils and neutrophils were ~12-fold
and ~ 6-fold higher, respectively, in asthmatic mice. Administration of
crocin (25 mg/kg, orally) once daily for 16 days led to significant de-
creases in the differential cell counts (monocytes, 59%; neutrophils,
63%; and eosinophils, 58%) compared to the numbers in asthmatic
control mice (Fig. 2).

3.3. Effect of daily oral administration of crocin (25 mg/kg) for 16 days on
total protein content in the lung and serum LDH activity in asthmatic mice

As shown in Fig. 3, OVA sensitization induced a significant increase
(~1.5 fold) in total protein content in the lung compared to that in
normal control mice. Administration of crocin (25 mg/kg, orally) once
daily for 16 days failed to significantly reduce total protein content
compared to that in diseased asthmatic control mice. In contrast, OVA
sensitization and repeated challenge induced a significant increase (~3
fold) in serum LDH activity when compared to the LDH activity in
normal control mice (Fig. 4). Administration of crocin (25 mg/kg,
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Fig. 2. Effect of daily administration of oral crocin (25 mg/kg) for 16 days on total and
differential cell counts in bronchoalveolar lavage fluid (BALF) from asthmatic mice
Data are expressed as mean * SEM of 10 mice per group.

Allergic airway inflammation was induced by IP injection of 10 mg of ovalbumin and
1 mg of aluminum hydroxide on days 0 and 7, and crocin was administered orally once
daily from days O to 16.

Statistical analysis was performed using ANOVA followed by Tukey-Kramer's multiple
comparisons test.

*Significantly different vs. the normal control, p < 0.05.

#Significantly different vs. the asthmatic control, p < 0.05.

Total lung protein content (ug/mg lung)

Fig. 3. Effect of daily oral administration of crocin (25 mg/kg) for 16 days on total lung
protein content in asthmatic mice

Data are expressed as the mean *= SEM of 10 mice per group.

Allergic airway inflammation was induced by IP injection of 10 mg of ovalbumin and
1 mg of aluminum hydroxide on days 0 and 7, and crocin was administered orally once
daily from days 0 to 16.

Statistical analysis was performed using ANOVA followed by Tukey-Kramer's multiple
comparisons test.

*Significantly different vs. the normal control, p < 0.05.

*#Significantly different vs. the asthmatic control, p < 0.05.
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Fig. 4. Effect of daily oral administration of crocin (25 mg/kg) for 16 days on serum LDH
activity in asthmatic mice

Data are expressed as the mean SEM of 10 mice per group.

Allergic airway inflammation was induced by IP injection of 10 mg of ovalbumin and
1 mg of aluminum hydroxide on days 0 and 7, and crocin was administered orally once
daily starting from day O to day16.

Statistical analysis was performed using ANOVA followed by Tukey-Kramer's multiple
comparisons test.

*Significantly different vs. the normal control, p < 0.05.

#Significantly different vs. the asthmatic control, p < 0.05.

+

orally) once daily significantly decreased serum LDH activity by ~52%
compared to the activity in diseased asthmatic control mice.

3.4. Effect of daily oral administration of crocin (25 mg/kg) for 16 days on
oxidative stress biomarkers: lung MDA content, SOD activity, and GSH
concentration in asthmatic mice

As shown in Table 1, OVA sensitization and repeated challenge
significantly increased lung MDA content by (~2.5 fold), with con-
comitant reductions in lung SOD activity and GSH concentration (by 3-
and 2-fold, respectively) when compared to the levels in the normal
control.

Administration of crocin (25 mg/kg, orally) once daily significantly
reduced lung MDA content (by ~59%) and significantly increased lung
SOD activity and GSH levels (by ~76.5%) and 28%, respectively,
compared to the levels in the asthmatic control group. Moreover, MDA
content in the lung was comparable to that in the normal control.

Table 1

Effect of daily oral administration of crocin (25 mg/kg) for 16 days on malondialdehyde
(MDA) content and the oxidative stress biomarkers superoxide dismutase (SOD) and re-
duced glutathione (GSH) in the lungs of asthmatic mice.
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Table 2
Effect of daily oral administration of crocin (25 mg/kg) for 16 days on serum and lung
catalase activities in asthmatic mice.

Experimental group Serum catalase (U/L)  Lung catalase (U/g)

Normal control 580.920 =+ 18.268 567.237 + 33.883
Asthmatic control 351.206 =+ 37.384 344.817 + 48.279
Crocin (25 mg/kg, orally) 676.394 + 30.133" 860.684 * 54.364°"

+ OVA (IP)

+

Data are expressed as mean SEM of 10 mice per group.
Allergic airway inflammation was induced by I'P injection of 10 mg of ovalbumin and
1 mg of aluminum hydroxide, on days 0 and 7, and crocin was administered orally once
daily starting from days O to 16.
Statistical analysis was performed using ANOVA followed by Tukey-Kramer's multiple
comparisons test.

* Significantly different vs. the normal control, p < 0.05.

# Significantly different vs. the asthmatic control, p < 0.05.

Administration of crocin restored MDA and GSH levels in the lung to
near normal levels, and lung SOD activity was increased beyond the
level in the normal control (Table 1).

3.5. Effect of daily oral administration of crocin (25 mg/kg) for 16 days on
serum and lung catalase activities in asthmatic mice

As shown in Table 2, OVA sensitization significantly decreased
serum and lung catalase activities when compared to those in normal
control (by ~2 fold). Administration of crocin (25 mg/kg, orally) once
daily significantly increased serum catalase activity (by about 48%)
compared to the activity in the diseased control group. Moreover, ad-
ministration of crocin (25 mg/kg, orally) once daily significantly in-
creased lung catalase activity (by ~60%) compared to the activity in
the asthmatic control; crocin administration also elicited a significant
increase in lung catalase activity (by ~50%) compared to the activity in
the normal control group (Table 2).

3.6. Effect of daily oral administration of crocin (25 mg/kg) for 16 days on
TNF-a levels in asthmatic mice

As shown in Table 3, TNF-a levels in the lungs of mice in the
asthmatic control group were significantly higher (~4 fold) than those
in mice of the normal control group. Administration of crocin (25 mg/
kg, orally) significantly reduced lung TNF-a levels (by ~67%) when
compared to those in asthmatic control mice, and the TNF-a levels in
the lungs of treated mice were comparable to those in the normal
control group.

Table 3
Effect of daily oral administration of crocin (25 mg/kg) for 16 days on lung tumor ne-
crosis factor-a (TNF-a) content, interleukin-13 (IL-13) and IL-4 levels in asthmatic mice.

Experimental group MDA (nmol/mg)  SOD (U/g) GSH (mg/mg) Experimental group TNF-a (pg/mL) IL-13 (pg/mL) IL-4 (pg/mL)

Normal control 0.48 + 0.031 44.230 = 2.282 0.869 = 0.074 Normal control 15.76 = 1.257 17.115 = 0.662 2.868 = 0.324
Asthmatic control 1.15 * 1.106 12.019 *= 1.500 0.543 = 0.013 Asthmatic control 60.66 *+ 4.078 68.629 = 5.479 8.066 = 0.739
Crocin (25 mg/kg, 0.47 = 0.046" 61.380 + 1.978" 0.759 = 0.016" Crocin (25 mg/kg, 20.28 + 1.978" 21.831 + 2.568" 3.634 + 0.565"

orally) + OVA
(IP)

orally) + OVA
(IP)

Data are expressed as mean * SEM of 10 mice/group.
Allergic airway inflammation was induced by IP injection of 10 mg of OVA + 1 mg of
aluminum hydroxide on days 0 and 7, and crocin was administered orally once daily from
day 0 to day 16.
Statistical analyses were performed using ANOVA followed by Tukey-Kramer multiple
comparisons test.

* Significantly different vs. the normal control, p < 0.05.

# Significantly different vs. the asthmatic control, p < 0.05.
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Data are expressed as mean + SEM of 10 mice per group.
Allergic airway inflammation was induced by IP injection of 10 mg of ovalbumin and
1 mg of aluminum hydroxide on days 0 and 7, and crocin was administered orally once
daily on days 0-16.
Statistical analysis was performed using ANOVA followed by Tukey-Kramer's multiple
comparisons test.

* Significantly different vs. the normal control, p < 0.05.

# Significantly different vs. the asthmatic control, p < 0.05.
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3.7. Effect of daily oral administration of crocin (25 mg/kg) for 16 days on
lung IL-4 levels in asthmatic mice

OVA sensitization and repeated challenge significantly increased
lung IL-4 levels (~ 3 fold) when compared to those in normal control
mice (Table 3). Administration of crocin (25 mg/kg, orally) once daily
for 16 days led to a significant reduction in lung IL-4 levels (by ~55%)
compared to the levels in the asthmatic control, and IL-4 levels in the
lungs of crocin-treated mice were comparable to those in normal con-
trol mice.

3.8. Effect of daily oral administration of crocin (25 mg/kg) for 16 days on
lung IL-13 levels in asthmatic mice

IL-13 levels in the lungs of mice in the asthmatic control group were
significantly higher than those in the lungs of mice in the normal
control group (by ~4 fold). Administration of crocin (25 mg/kg) for
16 days significantly reduced lung IL-13 levels (by ~68%) compared to
those in the asthmatic control group, and IL-13 levels in the lungs of
crocin-treated mice were comparable to those observed in the normal
control group (Table 3).

3.9. Effect of daily oral administration of crocin (25 mg/kg) for 16 days on
lung histopathology

Histopathological examination of hematoxylin and eosin (H & E)-
stained lung sections from the normal control group revealed normal
lung architecture, without any evidence of perivascular edema or
peribronchial inflammation (Fig. 5A), whereas sections from asthmatic
control mice showed a significant increase (by 100%) in perivascular
edema, peribronchial infiltration, and macrophages in the alveolar
space when compared to that of the normal control (Table 4; Fig. 5B).
Examination of lung specimens in the asthmatic control group revealed
a severe inflammatory reaction, with perivascular edema affecting >
75% of the perivascular circumference, and peribronchial mono-
nuclear infiltration. Moreover, the alveolar spaces were congested with
alveolar macrophages and inflammatory cells, which filled > 25% of
the alveolar space (Fig. 5B). In contrast, daily oral crocin administration
induced a significant decrease in perivascular edema (by 30%), de-
crease in peribronchial inflammation (50%) and macrophage infiltra-
tion in the alveolar space (43%) compared to the levels in the asthmatic
control (Table 4; Fig. 5C, D, E).

4. Discussion

Allergic asthma is considered one of the most serious respiratory
disorders. Given its increased prevalence worldwide, asthma manage-
ment is of serious concern. The results of the current study highlight the
protective and immunomodulatory effect of crocin in the pathogenesis
of asthma.

OVA sensitization and subsequent challenge significantly impaired
pulmonary function as shown by the biochemical and histopathological
parameters evaluated in the current study. The production of active
metabolites and the generation of reactive free radicals are thought to
contribute to OVA-induced pulmonary dysfunction. This was reflected
in the current study as seen with the marked negative shift in several
biomarkers and parameters under investigation.

OVA exposure has been reported to induce the production of highly
reactive hydroxyl radicals, stimulate lipid peroxidation, and cause
cellular damage. This effect may be mediated in part by increased
membrane permeability to several ions, such as Ca* 2. MDA is a stable
metabolite produced by lipid peroxidation. In the current study, MDA
contents in the lung were significantly increased after OVA sensitization
and challenge. In agreement with this result, lung MDA levels have
been reported to increase significantly following OVA sensitization
[23].
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In the current study, the lung/body weight index, total lung protein
content, and BALF cell counts significantly increased after OVA chal-
lenge, indicating the onset of pulmonary edema and increased leakage
of serous fluids into the lung tissue. Lung histopathological examination
supported these conclusions. These observations are in agreement with
the observations by Klinger et al. and Zhang et al. [24,25].

Serum LDH activity and lung TNF-a, IL-4, and IL-13 levels also
significantly increased, along with significant decrease in lung SOD
activity, GSH concentration, and serum and lung catalase activity, re-
flecting significant pulmonary inflammation with a disturbance in
oxidant/antioxidant homeostasis.

The antioxidant enzymes SOD and catalase and the free radical
scavenger GSH play major roles in maintaining cellular redox hemos-
tasis [26]. A decrease in SOD and catalase activities reduces cellular
removal of hydrogen peroxide (H>0O,) and superoxide ion (O, ™) radi-
cals [27].

Saffron and its ingredients have been reported to be useful remedies
against several disorders, such as neurodegenerative disorders and re-
lated memory impairment, blood pressure abnormalities, coronary ar-
tery diseases, age-related macular degeneration and/or ischemic re-
tinopathy, acute and/or chronic inflammatory diseases, Parkinsonism,
and seizures and depression. Furthermore, saffron and its ingredients
have also been shown to have tumoricidal, anti-genotoxic, anti-muta-
genic, and antioxidant activities [28].

Toxicological studies have confirmed the wide safety margin and
high therapeutic index of crocin [29]. Both acute and sub-acute toxi-
cities have been evaluated in rodents. At pharmacological doses, no
marked damage to major organs of the body was reported. Even fol-
lowing administration of high doses, up to 3 g/kg (either IP or orally),
no mortality was reported after 24 and 48 h [9]. According to Loomis
and Hayes [51], chemicals with LD50 in the range of 1-5 g/kg are
considered to have low toxicity.

In the current study, administration of crocin (25 mg/kg) orally for
16 days significantly reduced lung MDA content, indicating decreased
lipid peroxidation secondary to decrease ROS generation. This reduc-
tion in MDA highlights the role of crocin as an antioxidant that mod-
ulates the lung damage associated with the progression of allergic
asthma. Stabilization of bio-membranes, ROS scavenging, and de-
creased peroxidation of unsaturated lipids have been reported to be
among the mechanisms underlying the antioxidant properties of saffron
and its components [30,31].

In the present study, administration of crocin also induced a sig-
nificant increase in lung GSH content and SOD activity, along with
recovery of lung and serum catalase activities, suggesting that crocin
plays an important role in the modulation of anti-oxidative response.
Such observations are in agreement with those by Asdag and Inamdar
[40]. In two independent studies, Ochiai et al. [41] and Saleem et al.
[42] reported the protective effects of saffron and its carotenoid con-
stituents against in vivo and in vitro neuronal cell injuries, respectively.
Hosseinzadeh et al. [43] reported that saffron extract and crocin have
renoprotective effects against ischemia reperfusion-induced oxidative
stress.

Parallel to the improvement in oxidant/antioxidant balance, there
was significant attenuation of serum LDH activity, suggesting the cy-
toprotective effect of crocin, which is in agreement with the findings of
Dianat et al. [44], who observed that administration of oral crocin
significantly decreased LDH activity in heart tissue, and conferred a
protective effect on myocardium cell membrane integrity.

Inhibition of inflammatory cell recruitment within the airways of
OVA-challenged mice after crocin treatment was clearly observed in the
current study, and these observations are validated by earlier studies
reporting that saffron extract prevents allergic inflammation [32].

The significant reduction in lung TNF-a content observed in the
current study may account for the anti-inflammatory and immune-
modulating effects of crocin. The protective effect of crocin against
OVA-induced asthmatic changes was confirmed by the concomitant
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observation of attenuated inflammatory cell recruitment within the
lung and BALF. The lung histopathology showed significant improve-
ment following administration of crocin, as shown by the significant
decrease in perivascular edema, peribronchial inflammation, and
macrophage infiltration in the alveolar space.

The role of TNF-a in the initiation of inflammation and its con-
tribution to the extent of tissue injury have been described by Giebelen
et al. [45]. TNF-a induces neutrophil adherence to the pulmonary ca-
pillaries and extravasation into the alveolar space [46]. Moreover, TNF-
a-induced sensitization of infiltrating leukocytes has been reported to
increase oxidant production, thus augmenting oxidative stress [47].
Neutrophils and macrophages convert molecular oxygen to ROS [48],
contributing to local lung damage and the buildup of edematous fluid in
the airspaces [49,50], which may explain the observed increase in
lung/body weight index in asthmatic control mice in the present study.

Increased production of IL-4 and IL-13 is known to be essential in
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Fig. 5. H & E-stained lung specimens isolated from (A) the
normal control group (100 x); (B) diseased asthmatic con-
trol, showing perivascular edema in 75% of the perivascular
circumference, peribronchial inflammation (> 5/hpf), and
alveolar macrophages and inflammatory cells filling > 25%
of the alveolar spaces;. (C) crocin-treated group, showing
mild perivascular edema in < 25% of perivascular space
(100 x); (D) crocin-treated group, showing a significant
decrease in the number of perivascular and peribronchial
inflammatory cells (< 5/hpf; 400 x); (E) crocin-treated
group, showing a significant reduction in the numbers of
macrophages and inflammatory cells in < 25% of the al-
veolar spaces (400 x).

D); Crocm ("5 mgILg, orall\)
Decreased peri-bronchial inflammation

pathogenesis of allergic asthma [33]. IL-4 and IL-13 are released by
mast cells, lymphocytes, and eosinophils, along with a wide array of
other cytokines [34], and are reported to be crucial for switching B
lymphocytes to IgE production [35]. In addition, IL-4Ra subunit sig-
naling has been proven to be essential for enhanced bronchial reactivity
in murine models of asthma [36,37].

IL-13 has also been reported to stimulate the activation of signal
transducer and activator of transcription 6 (STAT6) through IL-4-
mediated signal transduction, leading to airway hyper-responsiveness
(AHR) in the allergic lung. A temporal relationship appears to exist
between either IL-4 or IL-13 and the development of AHR. Blockade of
IL-13 signaling, but not IL-4 signaling before aeroallergen exposure has
been reported to be sufficient to attenuate AHR [37,38]. As IL-4 is a key
regulator of Th2 phenotype development during sensitization [39],
AHR during allergen inhalation appears to be primarily dependent on
1L-13 [37,38].
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Table 4

Effect of daily oral administration of crocin (25 mg/kg) for 16 days on perivascular
edema, peribronchial inflammation, the numbers of macrophages and mononuclear cells
in the alveolar space of asthmatic mice.

Experimental Perivascular Peribronchial Macrophages and

groups edema inflammation mononuclear cells in
the alveolar space

Normal control 0.0 = 0.00 0.0 = 0.00 0.0 = 0.00

Asthmatic control 1.7 * 0.30" 1.5 = 0.10" 2.0 = 0.00"

Crocin (25 mg/ 0.5 + 0.1297 0.75 * 0.095" 0.85 * 0.095"

kg, orally)
+ OVA (IP)

Data are expressed as mean * SEM of 10 mice per group.
Allergic airway inflammation was induced by IP injection of 10 mg of ovalbumin and
1 mg of aluminum hydroxide on days 0 and 7, and crocin was administered orally once
daily from days O to 16.
Statistical analysis was performed using Kruskal-Wallis test followed by Dunn's post-hoc
test.

* Significantly different vs. the normal control, p < 0.05.

# Significantly different vs. the asthmatic control, p < 0.05.

Indeed, in the current study, allergic airway induction was asso-
ciated with significant increase in lung IL-4 and IL-13 levels, mediating
immune response stimulation and airway hyperactivity, respectively.
Administration of crocin significantly reduced lung IL-4 and IL-13 levels
and improved markers of oxidative stress and inflammatory as well as
the histopathological changes.

In conclusion, crocin treatment conferred significant pulmonary and
lung protective effects against OVA-induced allergic asthmatic damage.
These results implicate the free radical scavenging impact of crocin, and
its ability to decrease in their harmful effects on pulmonary and lung
tissues, to boost antioxidant defenses, to attenuate TNF-a activity, and
to modulate IL-4 and IL-13 signaling in the observed therapeutic and
protective effects of crocin.

Conflicts of interest
None.
References

[1] V.C. Broaddus, J.R. Mason, Murray & Nadel's Textbook of Respiratory Medicine,
sixth ed, Elsevier Saunders, Philadelphia, 2016.

M. Wills-Karp, Immunologic basis of antigen-induced airway hyperresponsiveness,
Annu. Rev. Immunol. 17 (1999) 255-281.

D. D'Ambrosio, A. Iellem, R. Bonecchi, D. Mazzeo, S. Sozzani, A. Mantovani,

F. Sinigaglia, Selective up-regulation of chemokine receptors CCR4 and CCR8 upon
activation of polarized human type 2 Th cells, J. Immunol. 161 (1998) 5111-5115.
C.A. Herrick, K. Bottomly, To respond or not to respond: T cells in allergic asthma,
Nat. Rev. Immunol. 3 (2003) 405-412.

M.J. Gregory, R.C. Menary, N.W. Davies, Effect of drying temperature and air flow
on the production and retention of secondary metabolites in saffron, J. Agric. Food
Chem. 53 (2005) 5969-5975.

F. Abdullaev, C.H. Ortega, P.R. Miranda, HPLC quantification of major active
components from 11 different saffron (Crocus sativus L.) sources, Food Chem. 100
(2007) 1126-1131.

S. Kianbakht, K. Mozaffari, Effects of saffron and its active constituents, crocin and
safranal, on prevention of indomethacin induced gastric ulcers in diabetic and
nondiabetic rats, J. Med. Plant Res. 8 (2009) 30-38.

D.Z. Hsu, C.T. Liu, P.Y. Chu, Y.H. Li, S. Periasamy, M.Y. Liu, Sesame oil attenuates
ovalbumin-induced pulmonary edema and bronchial neutrophilic inflammation in
mice, Biomed. Res. Int. 905677 (2013).

H. Hosseinzadeh, M.V. Shariaty, A.K. Sameni, M. Vahabzadeh, Acute and sub-acute
toxicity of crocin, a constituent of Crocus sativus L. (saffron), in mice and rats,
Pharmacol. Online 2 (2010) 943-951.

A. Beigelman, S. Gunsten, C.L. Mikols, I. Vidavsky, C.L. Cannon, S.L. Brody,

M.J. Walter, Azithromycin attenuates airway inflammation in a noninfectious
mouse model of allergic asthma, Chest 136 (2009) 498-506.

M.W. Foster, Z. Yang, E.N. Potts, W. Michael Foster, L.G. Que, S-nitrosoglutathione
supplementation to ovalbumin-sensitized and challenged mice ameliorates metha-
choline-induced bronchoconstriction, Am. J. Physiol. Cell Mol. Physiol. 301 (2011)
739-744.

R. Dhami, R.E. Gordon, E.H. Schuchman, Analysis of lung pathology and alveolar
macrophage function in acid sphingomyelinase-deficient mouse model of Niemann-

[2]
[3]

[4]

[5]

[6]

[71

[8]

[91

[10]

[11]

[12]

[13]

[14]

[15]
[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

International Immunopharmacology 50 (2017) 305-312

Pick Disease, Lab. Investig. 81 (2001) 987-999.

E. Said, W.F. Elkashef, R.R. Abdelaziz, Tranilast ameliorates cyclophosphamide-
induced lung injury and nephrotoxicity, Can. J. Physiol. Pharmacol. 94 (2016)
347-358.

N.R. Locke, S.G. Royce, J.S. Wainewright, C.S. Samuel, M.L. Tang, Comparison of
airway remodeling in acute, subacute and chronic models of allergic airway dis-
eases, Am. J. Respir. Cell Mol. Biol. 36 (2007) 625-632.

J.A. Buege, S.D. Aust, Microsomal lipid peroxidation, in: S. Feischer, L. Packer
(Eds.), Methods in Enzymology, 52 Academic Press, New York, 1978, pp. 302-310.
K. Satoh, Serum lipid peroxide in cerebrovascular disorder determined by a new
colorimetric method, Clin. Chem. Acta 90 (1978) 37-43.

M. Nishikimi, N. Appaji, K. Yagi, The occurrence of superoxide anion in the reaction
of reduced phenazine methosulfate and molecular oxygen, Biochem. Biophys. Res.
Commun. 46 (1972) 849-854.

E. Beutler, O. Duron, B.M. Kelly, Improved method for the determination of blood
glutathione, J. Lab. Clin. Med. 61 (1963) 882-888.

H. Aebi, P. Fossati, L. Prencipe, G. Berti, Catalase in vitro, Methods Enzymol. 105
(1984) 121-126Use of 3,5-dichloro-2-hydroxybenzenesulfonic acid/4-aminophe-
nazone chromogenic system in direct enzymatic assay of uric acid in serum and
urine, Clin. Chem. 26 (1980) 227-231.

Scientific Committee, Recommandations pour la mesure de la concentration cata-
lytique de la lactate deshidrogenase dans le serum humain a 30 °C, Ann. Biol. Clin.
40 (1982) 87-164.

D.C. Zeldin, C. Wohlford-Lenane, P. Chulada, J.A. Bradbury, P.E. Scarborough,

V. Roggli, R. Langenbach, D.A. Schwartz, Airway inflammation and responsiveness
in prostaglandin H synthase-deficient mice exposed to bacterial lipopolysaccharide,
Am. J. Respir. Cell Mol. Biol. 25 (2001) 457-465.

K. Elekes, Z. Helyes, J. Németh, K. Sandor, G. Pozsgai, L. Kereskai, R. Borzsei,

E. Pintér, A. Szabd, J. Szolcsanyi, Role of capsaicin-sensitive afferents and sensory
neuropeptides in endotoxin-induced airway inflammation and consequent bron-
chial hyperreactivity in the mouse, Regul. Pept. 141 (2007) 44-54.

S. Tewtrakul, H. Miyashiro, N. Nakamura, M. Hattori, T. Kawahata, T. Otake,

T. Yoshinaga, T. Fujiwara, T. Supavita, S. Yuenyongsawad, P. Rattanasuwan, S. Dej-
Adisai, HIV-1 integrase inhibitory substances from Coleus parvifolius, Phytother.
Res. 17 (2003) 232-239.

J.R. Klinger, J.D. Murray, B. Casserly, D.F. Alvarez, J.A. King, S.S. An,

G. Choudhary, A.N. Owusu-Sarfo, R. Warburton, E.O. Harrington, Rottlerin causes
pulmonary edema in vivo: a possible role for PKC, J. Appl. Physiol. 103 (2007)
2084-2094.

L. Zhang, M. Wang, X. Kang, P. Boontheung, N. Li, A.E. Nel, J.A. Loo, Oxidative
stress and asthma: proteome analysis of chitinase-like proteins and FIZZ1 in lung
tissue and bronchoalveolar lavage fluid, J. Proteome Res. 8 (2009) 1631-1638.

B. Rasoulian, M. Jafari, A. Noroozzadeh, H. Mehrani, H. Wahhab-Aghar,

M.H. HashemiMadani, E. Ghani, M. Esmaili, A. Asgari, A. Koshbaten, Effects of
ischemia-reperfusin on rat renal tissue antioxidant systems and lipid peroxidation,
Acta Med. Iran. 46 (2008) 353-360.

P.R. Rao, R.K. Vismanath, Cardioprotective activity of silymarin in ischemia re-
perfusion-induced myocardial infarction in albino rats, Exp. Clin. Cardiol. 12
(2007) 179-187.

F.I. Abdullaev, J.J. Espinosa-Aguirre, Biomedical properties of saffron and its po-
tential use in cancer therapy and chemoprevention trials, Cancer Detect. Prev. 28
(2004) 426-432.

S.C. Nair, S.K. Kurumboor, J.H. Hasegawa, Saffron chemoprevention in biology and
medicine: a review, Cancer Biother. 10 (1995) 257-264.

M.A. Papandreou, M. Tsachaki, S. Efthimiopoulos, P. Cordopatis, F.N. Lamari,

M. Margarity, Memory enhancing effects of saffron in aged mice are correlated with
antioxidant protection, Behav. Brain Res. 219 (2011) 197-204.

A.N. Assimopoulou, Z. Sinakos, V.P. Papageorgiou, Radical scavenging activity of
Crocus sativus L. extract and its bioactive constituents, Phytother. Res. 19 (2005)
997-1000.

M. Mahmoudabady, A. Neamati, S. Vosooghi, H. Aghababa, Hydroalcoholic extract
of Crocus sativus effects on bronchial inflammatory cells in ovalbumin sensitized
rats, Avicenna J. Phytomed. 3 (2013) 356-363.

P.M. Hansbro, G.V. Scott, A.T. Essilfie, R.Y. Kim, M.R. Starkey, D.H. Nguyen,

P.D. Allen, G.E. Kaiko, M. Yang, J.C. Horvat, P.S. Foster, Th2 cytokine antagonists:
potential treatments for severe asthma, Expert Opin. Investig. Drugs 22 (2013)
49-69.

B.N. Lambrecht, H. Hammad, The airway epithelium in asthma, Nat. Med. 18
(2012) 684-692.

A. Bellini, M.A. Marini, L. Bianchetti, M. Barczyk, M. Schmidt, S. Mattoli,
Interleukin (IL)-4, IL-13, and IL-17A differentially affect the profibrotic and
proinflammatory functions of fibrocytes from asthmatic patients, Mucosal
Immunol. 5 (2012) 140-149.

D. Kuperman, B. Schofield, M. Wills-Karp, M.J. Grusby, Signal transducer and ac-
tivator of transcription factor 6 (Stat6)-deficient mice are protected from antigen-
induced airway hyperresponsiveness and mucus production, J. Exp. Med. 187
(1998) 939-948.

G. Griinig, M. Warnock, A.E. Wakil, R. Venkayya, F. Brombacher, D.M. Rennick,
D. Sheppard, M. Mohrs, D.D. Donaldson, R.M. Locklsley, D.B. Corry, Requirement
for IL-13 independently of IL-4 in experimental asthma, Science 282 (1998)
2261-2263.

M. Wills-Karp, J. Luyimbazi, X. Xu, B. Schofield, T.Y. Neben, C.L. Karp,

D.D. Donaldson, Interleukin-13: central mediator of allergic asthma, Science 282
(1998) 2258-2261.

D.B. Corry, H.G. Folkesson, M.L. Warnock, D.J. Erle, M.A. Matthay, J.P. Wiener-
Kronish, R.M. Locksley, Interleukin 4, but not interleukin 5 or eosinophils, is


http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0005
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0005
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0010
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0010
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0015
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0015
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0015
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0020
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0020
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0025
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0025
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0025
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0030
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0030
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0030
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0035
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0035
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0035
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0040
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0040
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0040
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0045
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0045
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0045
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0050
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0050
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0050
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0055
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0055
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0055
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0055
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0060
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0060
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0060
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0065
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0065
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0065
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0070
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0070
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0070
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0075
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0075
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0080
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0080
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0085
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0085
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0085
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0090
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0090
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0095
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0095
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0095
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0095
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0100
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0100
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0100
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0105
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0105
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0105
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0105
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0110
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0110
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0110
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0110
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0115
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0115
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0115
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0115
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0120
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0120
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0120
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0120
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0125
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0125
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0125
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0130
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0130
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0130
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0130
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0135
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0135
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0135
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0140
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0140
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0140
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0145
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0145
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0150
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0150
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0150
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0155
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0155
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0155
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0160
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0160
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0160
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0165
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0165
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0165
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0165
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0170
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0170
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0175
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0175
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0175
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0175
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0180
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0180
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0180
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0180
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0185
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0185
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0185
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0185
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0190
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0190
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0190
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0195
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0195

H. Yosri et al.

[40]

[41]

[42]

[43]

[44]

required in a murine model of acute airway hyperreactivity, J. Exp. Med. 183
(1996) 109-117.

S.M.B. Asdag, M.N. Inamdar, Potential of Crocus sativus (saffron) and its constituent,
crocin, as hypolipidemic and antioxidant in rats, Appl. Biochem. Biotechnol. 163
(2010) 358-372.

T. Ochiai, H. Shimeno, K. Mishima, K. Iwasaki, M. Fujiwara, H. Tanaka,

Y. Shoyama, A. Toda, R. Eyanagi, S. Soeda, Protective effects of carotenoids from
saffron on neuronal injury in vitro and in vivo, Biochim. Biophys. Acta 1770 (2007)
578-584.

S. Saleem, M. Ahmad, A.S. Ahmad, S. Yousuf, M.A. Ansari, M.B. Khan, T. Ishrat,
F. Islam, Effect of saffron (Crocus sativus) on neurobehavioral and neurochemical
changes in cerebral ischemia in rats, J. Med. Food 9 (2006) 246-253.

H. Hosseinzadeh, H.R. Sadeghnia, T. Ziaee, A. Danaee, Protective effect of aqueous
saffron extract (Crocus sativus L.) and crocin, its active constituent, on renal
ischemia-reperfusion induced oxidative damage in rats, J. Pharm. Pharm. Sci. 22
(2005) 387-393.

M. Dianat, M. Esmaeilizadeh, M. Badavi, A.R. Samarbaf-Zadeh, B. Naghizadeh,
Protective effects of crocin on ischemia-reperfusion induced oxidative stress in
comparison with vitamin E in isolated rat hearts, Jundishapur J. Nat. Pharm. Prod.
9 (2014) e17187.

312

[45]

[46]

[47]

[48]

[49]

[50]

[51]

International Immunopharmacology 50 (2017) 305-312

LA. Giebelen, D.J. van Westerloo, G.J. LaRosa, A.F. de Vos, T. van der Poll, Local
stimulation of alpha7 cholinergic receptors inhibits LPS-induced TNF-alpha release
in the mouse lung, Shock 28 (2007) 700-703.

L.B. Ware, Pathophysiology of acute lung injury and the acute respiratory distress
syndrome, Semin. Respir. Crit. Care Med. 27 (2006) 337-349.

S.K. Manna, H.J. Zhang, T. Yan, L.W. Oberley, B.B. Aggarwal, Overexpression of
manganese superoxide dismutase suppresses tumor necrosis factor-induced apop-
tosis and activation of nuclear transcription factor-kappaB and activated protein-1,
J. Biol. Chem. 273 (1998) 13245-13254.

S. Koyama, A. Takamizawa, E. Sato, T. Masubuchi, S. Nagai, T. Izumi,
Cyclophosphamide stimulates lung fibroblasts to release neutrophil and monocyte
chemoattractants, Am. J. Phys. Lung Cell. Mol. Phys. 280 (2001) L1203-L1211.
R. Zhai, X. Ge, H. Li, Z. Tang, R. Liao, J. Kleinjans, Differences in cellular and
inflammatory cytokine profiles in the bronchoalveolar lavage fluid in bagassosis
and silicosis, Am. J. Ind. Med. 46 (2004) 338-344.

B. Rimal, A. Greenberg, W.N. Rom, Basic pathogenetic mechanisms in silicosis:
current understanding, Curr. Opin. Pulm. Med. 11 (2005) 169-173.

T.A. Loomis, A.W. Hayes, Loomis's Essentials of Toxicology, Academic Press,
California, 1996, pp. 208-245.


http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0195
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0195
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0200
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0200
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0200
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0205
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0205
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0205
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0205
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0210
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0210
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0210
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0215
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0215
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0215
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0215
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0220
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0220
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0220
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0220
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0225
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0225
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0225
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0230
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0230
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0235
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0235
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0235
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0235
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0240
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0240
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0240
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0245
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0245
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0245
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0250
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0250
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0255
http://refhub.elsevier.com/S1567-5769(17)30279-5/rf0255

	Crocin modulates IL-4/IL-13 signaling and ameliorates experimentally induced allergic airway asthma in a murine model
	Introduction
	Materials and methods
	Animals
	Drugs and chemicals
	Experimental design and treatment
	Specimen collection
	Bronchoalveolar lavage fluid (BALF) preparation and quantification of total and differential inflammatory cells
	Lung homogenate preparation (10% w/v) and biochemical assessment of lung malondialdehyde (MDA) content, superoxide dismutase (SOD) activity, reduced glutathione (GSH) content, catalase activity, and total protein content
	Biochemical assessment of serum LDH and catalase activities
	Biochemical assessment of tumor necrosis factor–α (TNF-α), interleukin-4 (IL-4), and IL-13 levels in the lungs
	Histopathology
	Statistical analysis

	Results
	Effect of daily oral administration of crocin (25mg/kg) for 16days on lung/body weight index in asthmatic mice
	Effect of daily oral administration of crocin (25mg/kg) for 16days on the total and differential cell counts in BALF from asthmatic mice
	Effect of daily oral administration of crocin (25mg/kg) for 16days on total protein content in the lung and serum LDH activity in asthmatic mice
	Effect of daily oral administration of crocin (25mg/kg) for 16days on oxidative stress biomarkers: lung MDA content, SOD activity, and GSH concentration in asthmatic mice
	Effect of daily oral administration of crocin (25mg/kg) for 16days on serum and lung catalase activities in asthmatic mice
	Effect of daily oral administration of crocin (25mg/kg) for 16days on TNF-α levels in asthmatic mice
	Effect of daily oral administration of crocin (25mg/kg) for 16days on lung IL-4 levels in asthmatic mice
	Effect of daily oral administration of crocin (25mg/kg) for 16days on lung IL-13 levels in asthmatic mice
	Effect of daily oral administration of crocin (25mg/kg) for 16days on lung histopathology

	Discussion
	Conflicts of interest
	References




