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Asthma is a common prolonged inflammatory disease of the upper respiratory tract, affecting millions of 
people in all age groups. At present, the treatment of asthma has become a challenge for practitioners because 
of the regular increment in air pollution worldwide. Subsequently, during the new drug development process, 
preclinical assessment of active compounds through a quick and robust model is urgently required. Thus, 
this study aimed to establish an acute asthma model using ovalbumin and formaldehyde in mice. In this 
experimental study, all animals were sensitized with ovalbumin on 0th and 5th d and formaldehyde on the 
3rd, 4th, 6th, and 7th d followed by an ovalbumin challenge from 8th to 10th d. During induction of disease, 
individual groups received beclomethasone and rutin as standard and test drugs, respectively. At the end 
of the study, the whole lung was harvested, weighed, and assessed for lung weight index. Also, oxidative 
stress and inflammatory biomarkers were estimated, and lung histopathology was performed. In the 
results, it was observed that the lung weight index, total leukocyte count and differential leukocyte count, 
and malondialdehyde values, significantly (p<0.05) decreased, and superoxide dismutase, glutathione and 
catalase activity were markedly (p<0.05) increased in the rutin treated group as compared to the diseased 
group. Histopathological studies of lung tissue in the diseased group showed extensive perivascular edema. 
However, in the rutin-treated group, mucus gland hyperplasia was significantly decreased. Therefore, in 
this experimental research, an attempt was made to develop a successful acute asthma model within a short 
period, which reversed on repeated dosing with rutin in murine.
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Asthma is an allergic inflammatory condition of the 
lung airway[1], with symptoms comprising reversible 
obstruction of airflow, bronchospasm, wheezing, 
excessive mucus production, shortness of breath and 
chest tightness[2]. Ovalbumin (OVA) is the majorly 
used allergen to produce an asthmatic response in 
experimental models[3]. Asthma induced by OVA in 
mice is usually characterized by excess production 
of T- helper type II derived cytokines like Interleukin 
(IL) 4, IL-5, IL-13, nitric oxide, oxidative damage 
and accumulation of inflammatory cells[4].
Formaldehyde (FA) is an organic compound widely 
used in manufacturing industries as a preservative 
and disinfectant where a large amount of inhaled 
FA is absorbed in the upper respiratory tract. 
However, it causes sensitization in the airways at low 
concentrations, induces coughing, mucus formation 
and breathlessness, and may act as a potent asthmatic 
agent. Also, it suggested that the prevalent use of FA 

in industries considered it an allergen responsible for 
occupational asthma[5].   
Glucocorticosteroids are the standard drugs used 
for asthma treatment despite restricted adequacy in 
reversing airway inflammation. Using beclomethasone 
by inhalation causes many side effects like Cataracts, 
cushing's syndrome, anaphylactic reactions, oral 
candidiasis and infection in the airway. Long-term 
use of this drug causes mood change and adrenal 
insufficiency[6].
Nowadays, the use of natural products as alternative 
medicine has increased in treating various diseases[7]. 
These flavonoids mainly possess antioxidants, 
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scavenging free radicals, cyclo-oxygenase inhibitors, 
xanthine oxidase inhibitors, lipoxygenase inhibitors 
and immunoregulatory properties, mainly due to 
their high polyphenolic content[8,9].
Rutin is a flavonol class of flavonoids having a ketone 
group. Rutin (3, 3', 4', 5, 7-pentahydroxyflavone-
3-rahmnoglucoside) is also called quercetin-3-
rutinoside, rutoside and sophorin. Rutin is principally 
found in citrus fruits like grapefruit, lemon, apple, 
green tea, and buckwheat. It possesses powerful anti-
inflammatory and antioxidant action[10] and has other 
pharmacological activities like anti-Alzheimer’s, 
anti-depressant, anti-diabetic, anti-asthmatic, anti-
osteoporotic and anti-eczematous actions[11].

MATERIALS AND METHODS

Male healthy Swiss albino mice inbred strain, 20 in 
number, weighing between (22-28 g) were obtained 
from the animal house with conventional facilities 
of BIT, Mesra (1968/PO/Re/S/17CPCSEA). Animals 
were accommodated in propylene cages with straw 
bale under a 12 h light/dark cycle  at 25±5° of 
temperature with 60 %-70 % relative humidity and 
standard pellet food (Hindustan Lever Ltd., India), 
and water were given ad libitum. All experimental 
animals were sanctioned by Institutional Animal 
Ethics Committee (IAEC) with approval no 1972/
PH/BIT/66/18/IAEC.

Preparation of OVA:

The OVA used in this study was prepared by 
considering the previously discussed procedure 
elsewhere. In brief, 30 ml of the white portion from 
fresh unfertilized eggs were taken out and mixed 
with 100 ml and then centrifuged for 10 min at 2000 
rpm. The clear supernatant portion was poured out in 
dried test tubes up to a specific level. These test tubes 
were kept in the refrigerator to freeze the content 
at -80° for 48 h. Freeze drying was carried out by 
using Heto PowerDry LL3000 Freeze Dryer. The 
temperature of the freeze dryer was set at least below 
-50°, and the test tubes content were attached to the 
sample connecting tubes. From 4 ml of the content, 
approximately 460 mg of lyophilized powdered OVA 
was obtained after 7 h of freeze drying[12].

Experimental design:

All healthy male Swiss albino inbred strain mice were 
randomly divided into four treatment groups with 
five animals each. In group 1 (Normal control) mice 
were sensitized with aluminum hydroxide [Al(OH)3] 

after being suspended in saline via intraperitoneal 
(i.p.) route on 0th d and 5th d and challenged with 
inhaled saline on 8th to 10th d for 30 min. Group 2 
(Disease control) was designated as OVA+FA treated 
mice where they were sensitized by 10 mg OVA with 
1 mg Al(OH)3 in 250 µl of saline (i.p) on 0 d and 5th 
d, followed by inhaled exposure of 1 % v/v FA on 
3rd, 4th, 6th and 7th d for 30 min. After completion of 
sensitization, they were challenged with inhalational 
exposure of 1 % w/v OVA in saline solution on the 
8th to 10th d for 30 min[13,14]. In Group 3 (Standard 
treated), beclomethasone (150 µg/kg) was given to 
the animals as standard drug treatment. It was given 
in the inhaled form with a flow rate of 0.25 ml/20 s 
daily from 0 d to 10th d, followed by the OVA+FA 
sensitization and challenge phase[15]. An automatic 
compressor nebulizer (OMRON) of 8 l/min flow rate 
was used for nebulization. In Group 4 (Test treated), 
rutin was given as a test drug. 100 mg/kg dose of 
rutin was provided to be administered. It was given 
orally daily from 0 till 10 d afterward; animals were 
sensitized and challenged OVA+FA[16]. Estimation 
of lung weight index, Bronchoalveolar lavage fluid 
(BALF) hematological parameter and lung oxidative 
stress biomarkers were done after the asthmatic 
animal model development.

Lung weight index determination:

The lung was excised from all the animal groups and 
washed with 1.15 % w/v ice-cold potassium chloride 
(pH 7.45). The dissected lungs were weighed and the 
lung index was calculated[17]. 

Enumeration of Total Lymphocyte Count (TLC) 
and Differential Lymphocyte Count (DLC) in 
BALF:

Animals were overnight fasted after the challenge 
and anaesthetized with phenobarbital sodium and 
weighed. For BALF, 500 µl of saline was inserted 
through the trachea and recollected. The procedure 
was replicated, and up to 1000 µl of saline was 
collected. Then collected saline was mixed with 
trypan blue. The quantification of TLC and DLC 
found in BALF was done using a hemocytometer[18].

Lung oxidative stress biomarker determination:

Superoxide Dismutase (SOD) was determined by 
the method of Marklund et al.[19]. Lung homogenate 
was centrifuged at 3000 rpm for 5 min. After the 
centrifugation, 500 µl of supernatant from lung 
homogenate was added to the 150 µl of ice-cold 
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chloroform and 750 µl of (96 % v/v) ethanol and 
vortexed for 1 min. That vortexed mixture was 
further centrifuged at 2000 rpm for 22 min. After 
centrifugation, 500 µl of supernatant was pipetted 
out, added to the 500 µl of (0.6 mM) ethylene diamine 
tetra acetate (EDTA) and 1 ml of (0.1 M, pH 10.2) 
carbonate bicarbonate buffer. The reaction began 
after the adding up of 50 µl of (0.2 mM) pyrogallol. 
Absorbance was observed at 420 nm against blank 
and SOD activity was presented in unit/g.
Glutathione (GSH) activity was determined using the 
method by Ellman et al.[20]. 0.1-0.2 ml of supernatant 
was pipetted out from lung homogenate and added 
to the 0.1-0.2 ml of 5 % Trichloroacetic Acid (TCA) 
in a 1:1 manner. Then 2 ml (0.6 mM) DTNB (5, 
5’-dithiobis-(2-nitrobenzoic acid) and 0.2 M (pH 
8.0) sodium phosphate buffer was added into that and 
volume was made up to 3 ml. Then the absorbance 
was measured at 412 nm against blank.
Estimation of Malondialdehyde (MDA) was done 
on the method by Ohkawa et al.[21]. 0.1 ml of lung 
homogenate was added to the 0.2 ml of 8.1 % 
Sodium Dodecyl Sulphate (SDS), 1.5 ml of 20 % 
acetic acid (pH 3.5), and an aqueous solution of 1.5 
ml of 0.8 % Thiobarbituric Acid (TBA). After that 
mixture was heated at 95° for 60 min. After heating, 
the mixture was allowed to cool for 4 min, and then 
the mixture of (15:1) n-butane:pyridine was added 
into it. Absorbance was measured at 532 nm.
Catalase (CAT) activity was determined by the method 
by Aebi et al.[22]. To 10 ml of lung homogenate, 10 
ml of phosphate buffer, 40 µl of 30 % v/v hydrogen 
peroxide, and 1 % v/v triton X- 100 was added and 
centrifuge at 4° at 13 000 rpm for 20 min. Absorbance 
was measured at 240 nm.

Lung histopathological examination:

The right lobe of the lung was excised and kept into 
10 % v/v formalin for fixing. Then the lung was cut 
into small slices, dehydrated by ethanol (70 %-100 
%), cleared by xylol, and surrounded by paraffin 
wax. The slices were cut into a 5 µm section for 
hematoxylin and eosin (H and E) staining. The H and 
E staining was done to assess thickness of epithelial 
wall, perivascular edema, bronchial mucous gland 
hyperplasia, acute perivascular-peribronchial 
inflammation, and bronchiolar epithelium 
histopathological changes[23,24].

Statistical analysis:

Results were illustrated as mean±SD. The statistical 

analysis for comparison between the different 
treatment groups was done by one-way Analysis 
of Variance (ANOVA) followed by Tukey Kramer 
comparison post hoc test along with the help of Graph 
pad prism (v 9) (serial number: ACTGP-A5B7841C-
6D0E2497-A8306AD4-7C038CFA). (p<0.05) was 
used as statistical significant value.

RESULTS AND DISCUSSION

This study investigated the acute asthmatic effects 
with short-duration exposure of OVA+FA in mice. 
OVA-induced model is used for induction of asthma 
because it imitates human asthmatic attack[25]. This 
model gives the basis for functional and structural 
features of asthma[26,2]. FA has been utilized as 
an air pollutant, indoor-outdoor allergen, and 
occupational sensitizer to investigate the role of 
such ubiquitous allergen on the expansion of asthma. 
The concentration for exposure of FA used in the 
present study was based on previously examined 
values, which do not show mortality in experimental 
animals[27]. Besides, beclomethasone is an approved 
treatment against asthmatic conditions and is here 
used as a standard drug to compare with the test, 
i.e., rutin. In a previous study, it was proven that 
beclomethasone showed a protective effect against 
OVA induced model[15]. It was also clinically proven 
that beclomethasone has protective action in case of 
asthma[28,29]. In general, steroidal medicines presented 
good efficacy in acute cases of inflammation, but 
they are not recommended for chronic conditions as 
they produce a serious adverse effect on prolonged 
use[30]. Some of the serious adverse effects typically 
shown by inhalation of beclomethasone are adrenal 
insufficiency, Cushing's syndrome, cataract, and 
throat infection[6]. Rutin is a bioflavonoid that reflects 
potent anti-inflammatory effects in earlier preclinical 
experiments. Similarly, in this study, rutin was found 
profoundly decreased vascular edema, inhibited 
leukocytes infiltration, also decreased oxidative 
stress as well as assisted in maintaining alveolar 
architecture.
As the outcomes of the current study, induction 
with OVA+FA showed remarkable structural and 
pathophysiological changes in the lung tissues 
within a short period of time. Biochemical data, 
including TLC and DLC counts, lung weight index, 
and MDA values were significantly increased. In 
contrast, the GSH level, SOD, and CAT activities 
significantly decreased, reflecting the development 
of the inflammatory condition and disturbance in 
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oxidant/antioxidant homeostasis within the lungs.
The lung weight index was estimated for all the 
treatment groups, and the data have been shown 
in fig. 1. A significant *(p<0.05) increase in lung 
weight index was observed in the OVA+FA induced 
group compared to the normal control. However, the 
rutin-treated group showed a significant #(p<0.05) 
decrease in lung weight index as compared to the 
OVA+FA induced group and showed a significantly 
θ(p<0.05) high value of lung weight index when 
compared to the beclomethasone-treated group. 
Previously, it was proven that in acute and sub-acute 
asthma models, airway inflammation and edema 
were both found to be elevated[31,32]. Also, the lung 
weight index reflected vascular permeability and 
edema, which is considered an important marker 
during lung inflammation. Moreover, OVA-treated 
asthmatic animals showed increased lung edema due 
to increased microvascular leakage[33,34]. 
The TLC and DLC counts were estimated for all the 
treatment groups, and the results are presented in 
fig. 2. A significant *(p<0.05) increase in TLC and 
DLC count was observed in the OVA+FA induced 
group compared to normal control. However, the 
rutin-treated group showed a significant #(p<0.05) 
decrease in TLC and DLC count when compared to 
OVA+FA induced group and a considerable θ(p<0.05) 
increase in TLC and DLC counts when compared 
to the beclomethasone-treated group. Similarly, it 

is evident that T-Helper 2 (Th2) cells stimulate the 
accumulation of eosinophils by antigen presentation 
in BALF, which is considered an important 
phenomenon during asthmatic conditions[35]. 
Additionally, a previous study also reflected that 
OVA-treated asthmatic animals showed a raised 
value of TLC and DLC counts[36]. 
The oxidative stress biomarkers in lung homogenate 
were also estimated for all the treatment groups and 
the results are shown in fig. 3. In this study, results 
showed a significant *(p<0.05) increase in MDA 
level (fig. 3a) and a significant *(p<0.05) decrease 
in GSH, SOD and CAT levels (fig. 3b-fig. 3d) in 
OVA+FA induced group when compared to normal 
control. However, the rutin-treated groups showed a 
significant #(p<0.05) decrease in MDA level and a 
significant #(p<0.05) increase in GSH, SOD and CAT 
level when compared to OVA+FA induced group also 
considerable θ(p<0.05) decrease in MDA level and 
a markedly θ(p<0.05) decrease in GSH, SOD and 
CAT level when compared to the beclomethasone-
treated group. Similarly, in earlier studies, it was 
demonstrated that Reactive Oxygen Species (ROS) 
generation in respiratory organs are closely related 
to asthma[37]. Where enhanced damage to genetic 
material and protein, lipid peroxidation due to ROS 
activities were observed. Also, oxidative damage 
targets membrane lipids because they cause signal 
transduction for various inflammatory responses[38]. 

Fig. 1: Effect of OVA+FA on lung weight index 
Note: Data were expressed as mean±SD (n=5 mice/group); *, #, and θ were significant changes indicates p<0.05 respectively; *p<0.05 when com-
pared to the normal control group, #p<0.05 when compared to OVA+FA induced group and θp<0.05, when compared to beclomethasone [beclo (150 
µg/kg)] treated group using one way ANOVA test with Tukey's multiple comparison test; (  ): Control group; (  ): OVA+FA induce group;  
(  ): Rutin (100 mg/kg) treated group; (  ): Belco (150 μg/kg) treated group
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Fig. 2: Effect of OVA+FA on TLC and DLC count
Note: Data were expressed as mean±SD (n=5 mice/group); *, #, and θ were significant changes indicates p<0.05, respectively; *p<0.05 when  
compared to the normal control group, #p<0.05 when compared to OVA+FA induced group and θp<0.05, when compared to beclomethasone [beclo 
(150 µg/kg)], treated group using one way ANOVA  test with Tukey's multiple comparison test; a: (  ): Control group; (  ): OVA+FA induce group; 
(  ): Rutin (100 mg/kg) treated group; (  ): Belco (150 μg/kg) treated group; b: (  ): Lymphocytes; (  ): Neutrophils; (  ): Eosinophils;  
(  ): Monocytes

(a) (b)

(a) (b)

Fig. 3: Effect of OVA+FA on MDA, GSH, SOD and CAT (oxidative stress biomarker) in lung homogenate
Note: Data were expressed as mean±SD (n=5 mice/group); *, #, and θ were significant changes indicates p<0.05, respectively; *p< 0.05 when com-
pared to the normal control group, #p<0.05 when compared to OVA+FA induced group and θp<0.05, when compared to beclomethasone [beclo (150 
µg/kg)] treated group using one way ANOVA  test with Tukey's multiple comparison test; (  ): Control group; (  ): OVA+FA induce group;  
(  ): Rutin (100 mg/kg) treated group; (  ): Belco (150 μg/kg) treated group

(c) (d)
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MDA is lipid peroxide and causes multiple damages 
by activating reactive oxygen species[39]. It also 
suggested that asthmatic conditions showed elevated 
MDA levels in BALF samples collected from different 
individual patients[40]. GSH protects against oxidative 
stress because it is an intracellular redox agent 
which detoxifies lipid hydroperoxide by linking with 
other antioxidants[41]. Superoxide Dismutase (SOD) 
produces hydrogen peroxide from the superoxide 

anion[42]. CAT is an important antioxidant enzyme 
that decomposes hydrogen peroxide into water and 
oxygen to protect from oxidative damage caused 
by ROS[43]. Also, a previous experimental study 
shows that GSH, SOD and CAT levels decreased 
significantly in OVA induced group in contrast to 
normal control[44]. The histopathological differences 
in lung architecture were estimated for the different 
treatment groups and the results are shown in fig. 4. 

Fig. 4: Effect of OVA+FA on lung histopathology
4a-4f: Effect of OVA+FA on lung inflammation and peri-vascular edema (H&E, 100X); 4g-4j: Effect of OVA+FA on lung mucus gland hyperplasia 
and epithelial hyperplasia (H&E, 100X); a: Lung of the normal control group with no inflammation and no peri- vascular edema. b: dense bron-
chial and peri- bronchial inflammation; c: increased eosinophils; d: peri- vascular edema,e: Lung of beclomethasone-treated group with moderate 
inflammation and moderate peri-vascular edema; f: Lung of rutin-treated group with mild inflammation and mild peri-vascular edema; g: Lung 
of the normal control group with no mucus gland hyperplasia and no epithelial hyperplasia; h: Lung of OVA+FA induced group with mucus gland 
hyperplasia and epithelial hyperplasia; i: Lung of beclomethasone-treated group with moderate mucus gland hyperplasia and moderate epithelial 
hyperplasia; j: Lung of rutin-treated group with mild mucus gland hyperplasia and mild epithelial hyperplasia

(A)                              (B)                   (C)

(D)                              (E)                        (F)

(G)                              (H)                   (I)

(J)
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The normal control group showed the ideal condition 
of lung architecture. There was no indication of 
mucus gland hyperplasia, no epithelial thickness, 
and no inflammation. In the diseased induced group 
(OVA+FA), numerous eosinophils, bronchial and 
peribronchial inflammation, epithelial and mucus 
gland hyperplasia, and perivascular edema were 
identified. Within OVA-treated asthma-induced 
animals, similar results were also reported in the 
previous study[45]. However, the beclomethasone-
treated group showed a decrease in epithelial and 
mucus gland hyperplasia, mild perivascular edema, 
and peribronchial inflammation. But, the rutin-treated 
group showed a moderate decrease in epithelial and 
mucus gland hyperplasia and a marked reduction in 
perivascular edema and peribronchial inflammation 
in the lungs. 
This study proposed an OVA+FA induced asthmatic 
model in mice, which could be developed within 
a short duration (10 d), and provides remarkable 
biochemical and structural changes in asthmatic 
lungs. In this acute model, physiological and 
biochemical alterations in all measured parameters 
were comparable to the previously reported other 
OVA-induced asthma models in rodents. Also, 
treatment with standard (beclomethasone) and test 
(rutin) drugs presented marked reversal in oxidative, 
inflammatory, and histopathological changes in the 
lungs without significant difference compared to 
normal control. This reflects their potential against 
asthma. Thus, rutin may also be considered as a 
potent therapeutic agent for the treatment of asthma. 
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