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ABSTRACT  
Background  and Objectives:   Allergic rhinitis (AR) is an IgE mediated immune -inflammatory disease , 
characterized by sneezing, rhinorrhea , lacrimation , etc. Fisetin is a plant flavonoid , reported  to have 
anti -allergic  potential via inhibition of Th2 response. Objective of this study was to evaluate the anti -
allergic  potential of fisetin against ovalbumin (OVA) -induced experimental allergic rhinitis in BALB/c  
mice. 

Methodology:   Mice were sensitization  by OVA (500 ȉl, i.p.) on days 1, 3, 5, 7, 9, 11, 13 and treated with 
fisetin ( 10, 20 and 40 mg/kg, p.o.) for 21 days, followed by OVA (5 ȉl per nostril) challenged on the 21st 
day. 

Results:  Administration of fisetin ( 20 and 40 mg/kg) significantly attenuated (p< 0.05) OVA-induced 
nasal rubbing, sneezing and discharge , histamine -induced rubbing and sneezing, and hematological 
parameters  as compared to AR control mice. OVA-induced elevated levels of serum histamine, ȁ-hexo-
saminidase, IgE and IgG1 as well as Th2 cytokines (IL -4, IL -5, IL-13, and IL -17) in nasal lavage fluid 
was significantly (p < 0.05) attenuated by fisetin . It also significantly inhibit  (p < 0.05) up-regulated 
mRNA expressions of GATA3, IL -4, IL -5 and IL -13 in spleen tissue. Fisetin administration significantly 
reduced (p < 0.05) histological aberrations induced by OVA in nasal mucosa, spleen, and lungs. 

Conclusion:   The findings of the present study showed that fisetin exerts its anti -allergic  potent ial via 
modulation of GATA3 pathway to inhibit the release of Th2 cytokines (IL -4, IL -5, IL-13) and IgE, thus 
reducing OVA-induced nasal rubbing and sneezing during allergic rhinitis . 

Keywords:   Allergic rhinitis, Fisetin, GATA3, lgE, Interleukins , Ovalbumin, TNF-Ŭ. 
 
INTRODUCTION  
Allergic rhinitis (AR) is a chronic immune-inflamma -
tory disorder which is increasing, significantly , world -
wide result ing in important  social and medical prob-
lems.1 Rhinitis is associated with widespread morbi-
dity, significant treatment costs, impaired work pro -
ductivity and quality of life . The characteristic features 
of AR include nasal congestion, sneezing, rhinorrhea, 
and pruritus of nosea long with eyes. Additionally , it is 
also associated with various complications including 
headache, fatigue, sinusitis, sleep disturbance, eusta-
chian tube dysfunction, and cognitive impairme nt .2 
According to a report by European Community Respi-
ratory Health Survey (ECRHS), the prevalence of AR is 
5-22%. While, more than 35% of the European and 
Australian population suffer from AR, about 26% of 
Indian s are affected with it .3 
 Researchers have well documented that exposure

to an array of mediators such as indoor allergens (such 
as dust mites and stuffed furniture), outdoor allergens 
(li ke molds and pollen of grains, grass, trees, weeds, 
etc.), chemical irritants, tobacco smoke, air pollution , 
and food cause hypersensitive response which results 
in Allergic rhinitis. 4Cumulative data obtained from 
animal studies have suggested that imbalance in T-
helper type 1 (Th1) and T-helper type 2 (Th2) respon-
ses cause inflammation and remodelling in nasal muc-
osa that result in the progress of AR.5,6 Th2 responses 
are up-regulated due to elevated production of cytoki-
nes including tumour necrosis factor -alpha (TNF-Ŭ), 
interleukins (ILôs) (IL-1ȁ, IL-4, IL -5 and IL-6), release 
of nitric oxide from macrophages, production of reac -
tive oxygen species (ROS), immunoglobulin (IgE), and 
mast cell.5,6 These vicious molecules are responsible 
for synthesis of IgE and its cross-linking with high -
affinity IgE receptors (FcŮRǫ) present on mast cell sur-
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face. It leads to mast cell degranulation and release of 
various inflammatory mediators including histamine, 
cytokines, and leukotrienes.7,8 The inflammatory  influx 
in the nasal mucosa results in structural aberrations 
that contribute  to congestion, post nasal drip, concur-
rent sneezing, and nasal discharge leading to develop-
ment of AR.9 
 Current treatment of AR includes antihistamines, 
cromolyn sodium, nasal decongestants, glucocorticoids 
that provide symptomatic relief . However, these medi-
cations are associated with side effects such as nausea, 
vomiting, headache, hypertension, immune system 
suppression and growth retardation .1,10 Hence, there is 
an urgent need to develop strategies for the manage-
ment of AR using safer and more effective treatment 
methods of natural  origin . Numerous evidences sug-
gest that natural compounds also provide promising  
effects for asthma treatment.11,12 
 Many herbal medicines have been traditionally 
known for either their symptomatic relief property or 
halting disease progression in the treatment of AR. 
However, the extent of their effectivity and presence of 
active components lack systematic study and hence 
scientific evidence. Thus, various animal models inclu -
ding pollen extract, house mite allergen, ovalbumin 
(OVA), and bee venom have been employed for the 
development of various therapeutic moieties against 
AR.13 Amongst all, murine  model of OVA-induced AR 
is well established, widely used and a reproducible 
immunological tool that mimic s clinicopathological 
features of AR.13,14 OVA-induced AR exhibits various 
characteristics including congestion, redness, sneez-
ing, post-nasal drip, etc. which are the symptomatic  
hallmarks found in an AR patient .15 The inflammatory 
responses include release of lymphocytes, eosinophils, 
neutrophils, and mast cell with elevated mucus secret-
ion into nasal mucosa. It subsequently results in ele-
vated Th2 response along with an increased level of IL-
4, IL -5, IL-13, and IgE that eventually cause the deve-
lopment of persistent nasal mucosal inflammation, 
remodelling , and AR. 
 Fisetin (3, 3', 4', 7-tetrahydroxyflavone , Supple -
mentary Figure 1 ) is a naturally occurring  plant fla-
vonoid which is widely present in apples, grape seeds, 
onions, strawberries, cucumbers, and persimmons. 
Fisetin has been documented to have antioxidant, anti -
carcinogenic, antiulcer, anticonvulsant, anti -hyperlipi -
demic, antiarthritic, antidiabetic, antimicrobial, anti -
viral , cardioprotective,  and neuroprotective proper-
ties.16-22 Recently, researchers have also reported the 
antiasthmatic potential of fisetin against OVA -induced 
airway hyperresponsiveness via inhibition of lgG, lgE, 
iNOS, TNF-Ŭ, IL -4, IL -5, IL-13, and NF-kB.19,23 As 
immune-inflammatory  reactions like AR and asthma 
are two closely related disorders of airway disease, 
almost 88% of asthma patients have suffered from the 
symptoms of AR as well.24 Moreover, the animal mod-

els of both the allergic inflammation diseases are pro-
duced similarly .24 But, although the anti -asthmatic 
potential of fisetin has been well reported , its effect 
against allergic rhinitis is not yet evaluated. Hence, the 
aim of the present investigation was to evaluate the 
anti -allergic potential of fisetin against ovalbumin 
(OVA)-induced experimental allergic rhinitis in BA-
LB/c  mice. 
 
MATERIAL S AND METHOD S 
Drugs and Chemicals  
Ovalbumin (Grade V), aluminum  hydroxide and his-
tamine dihydrochloride were purchased from Sigma 
Chemical Co. (St Louis, MO, USA). Sodium sulfate, 
acetone, alcohol, sulphanilic acid, sodium nitrite, tri -
sodium phosphate was purchased from S.D. Fine Che-
micals, Mumbai, India. Sulphanilamides, naphthala-
minediamine  HCl, phosphoric acid was obtained from 
Loba Chemie Pvt. Ltd., Mumbai, India.  Montelukast 
(Montecip®, Cipla  Limited , India). Mouse OVA-spe-
cific  IgE, total IgE, total IgG1, ȁ-hexosaminidase, IL-4, 
IL -5, IL-13, IL-17 and Interferon -gamma (IFN -Ȃ) enzy-
me-linked immunosorbent assay (ELISA) Kit were 
obtained from Bethyl Laboratories Inc. (Montgomery, 
TX, USA). Total RNA Extraction kit and One -step Rev-
erse transcription -polymerase chain reaction (RT-
PCR) kit was purchased from MP Biomedicals India 
Private Limited, India.  
 
Animals  
Adult male BALB/c  mice (18-22 g) were purchased 
from National Toxicology Centre, Punae and kept in 
quarantine for a week at the institut e animal house. 
Groups of ten animals per cage were kept under stan-
dard laboratory conditions at a temperature of 24 °C ± 
1°C, relative humidity of 45ï55% and 12:12 h dark and 
light cycle. The experiments were carried out between 
10:00 am and 5:00 pm. Anim als had free access to 
food (Standard chaw pellet, Pranav Agro-industries  
Ltd., Sangli, India) and water ad libitum . Experimental 
protocols and procedures were approved by the Insti -
tutional Animal Ethics Committee of Poona College of 
Pharmacy, Pune and performed in accordance with the 
guidelines on animal experimentation recommended 
by Committee for Control and Supervision of Expe-
rimentation on Animals (CPCSEA), Government of 
India .25 Animals were brought to the testing laboratory 
1 h before the experiments for adaptation purpose. 
 
Induction of AR  
Sensitization of BALB/c  mice was done on days 1, 3, 5, 
7, 9, 11, 13 by i.p. injection  containing  500 ȉl of sensi-
tization solution (50 mg of OVA and 1000 mg of alu-
minum  hydroxide dissolved in 500 ml of saline) .14,26 
On day 14, mice were randomly divided into 6 treat-
ment groups (n = 12 mice/group) and treated for  the 
next 7 days (day-14 today-21) as follows: 
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Group I:  Normal:  Non-sensitized and received a 
suspension of aluminum  hydroxide in 
saline followed by distilled water (10 
mg/kg, p.o.)  

Group II:  AR Control :  OVA-sensitized and received 
distilled water (10 mg/kg, p.o.)  

Group III:  Montelukas t (10):  [MLT (10)]: OVA-sen-
sitized and received standard drug treat-
ment i.e. montelukast (10 mg/kg, p.o.)  

Group IV:  Fisetin (10):  [F (10)]: OVA-sensitized and 
received fisetin  (10 mg/kg, p.o.)  

Group V:  Fisetin (20 ): [ F (20)]:  OVA-sensitized 
and received fisetin (20  mg/kg, p.o.) 

Group VI:  Fisetin (40 ):  [F (40) ]: OVA-sensitized 
and received fisetin (40  mg/kg, p.o.)  

 On day 21, one hour after the last dose of treat-
ment, mice were challenged with intranasal  (i.n.) ad-
ministration of OVA (5%, 5 ȉl per nostril) and observa-
tions were recorded. During the acute toxicity study, 
animals did  not show any signs and symptoms such as 
restlessness, respiratory distress, diarrhoea, convuls-
ions and/or  coma with graded doses up to 5000 mg/kg 
body weight.27 The three different dosages of fisetin, 
i.e., 10, 20 and 40 mg/kg were selected on the basis of 
previous studies carried out in our laboratory. 20 The 
solutions of fisetin  were freshly prepared daily by dis-
solving in distilled water at 1 mg/ml and administered 
orally for biological evaluations.  

 
Nasal Symptoms in OVA -Induced AR Mice  
After OVA challenge, nasal symptoms were evaluated 
within 10 min period .26,28 The number of  sneezes and 
nasal itching motions (nasal rubbing) were recorded. 
Nasal discharge was scored as 0 = no discharge, 1 = the 
discharge reaches the anterior nasal aperture, 2 = the 
discharge overshoots the anterior nasal aperture, 3 = 
the discharge flows out. 

 
Nasal Symptoms during Histamine -Induced 
Hypersensitivity in OVA -Induced AR Mice  
To evaluate effects on histamine-induced hypersensi-
tivity  after interruption of the drugs , mice were chal-
lenged with histamine dihydrochloride (10 ȉl per nos-
tril of a solution  of 1 ȉmol/ml in physiological saline) 
on day 24 of study, and the number of instances of 
nasal rubbing and sneezing was counted during 10 min 
period after challenge.14,26 

 
Blood Sample Collection from OVA -Induced 
AR Mice  
On day 21, 2 h after OVA challenge, blood specimens 
were collected from the retro -orbital  plexus and serum 
was obtained by centrifugation at  8350 ×g for 10 min 
at 4°C. Samples were stored at ī20ÁC until biochemi-
cal and hematological measurements. 

Hematological Measurements in OVA -Induced 
AR Mice  
Hematological  parameters were measured in blood 
samples using an automated hematologicalanalyzer 
(BC2800, Golden Harvest Ltd.) with software specific 
to mice. Parameters such as total leukocyte count 
(TLC), polymorphonuclear leukocytes (PMN) and pla -
telet count (PLT) were analyzed. 

 
Biochemical Measurement in Serum of OVA -
Induced AR Mice  
OVA-specific IgE, total IgE, total IgG1 and ȁ-hexosa-
minidase in serum, whereasIL -4, IL -5, IL-13, IL-17, 
and IFN-Ȃ in nasal lavage fluid (NLF) were evaluated 
using respective mouse ELISA quantitation kit (Bethyl 
Laboratories Inc., Montgomery, TX, USA) as per man-
ufacturerôs instructions. Results were evaluated by the 
P/N value. The test was done in duplicate to avoid fal-
se-negative, and false-positive results and the average 
value was taken for final calculation. 29-31 

 
Determination of Histamine Level in Serum of 
OVA -Induced  AR Mice  
The histamine content of the serumwas measured by 
the ophthaldialdehyde  (OPA) spectrofluorometric pro -
cedure. The fluorescent intensity was measured at 460 
nm (excitation at 355 nm) using a spectrofluorometer 
and histamine content was calculated.32 

 
Reverse Transcriptase PCR 
The levels of mRNA were analyzed in spleen tissue 
(n = 4) using reverse transcription (RT) -PCR approach 
as described elsewhere.33-35 Briefly, single-stranded 
cDNA was synthesized from 5 µg of total cellular RNA 
using reverse transcriptase (MP Biomedicals India Pri-
vate Limited, India) as described elsewhere.33,36,37 The 
prim er sequences along with its length (no. base pairs) 
for  GATA3, IL-4, IL -5, IL-13, and ȁ-actin are presented 
in Table 1. Amplification of ȁ-actin served as a control 
for sample loading and integrity. PCR products were 
detected by electrophoresis on a 1.5 % agarose gel con-
taining ethidium bromide. The size of ampli cons was 
confirmed using a 100-bp ladder (0.5 µg/µL) as a stan-
dard size marker. The amplicons were visualized, and 
images were captured using a gel documentation sys-
tem (Alpha Innotech  Inc., San Leandro, CA, USA). 
Gene expression was assessed by generating densito-
metry data for band intensities in different sets of ex -
periments, by analyzing the gel images on Image J 
program (Version 1.33, Wayne Rasb and, National Ins -
titutes of Health , Bethesda, MD, USA) semi-quantita -
tively. The band intensities were compared with con -
stitutively expressed ȁ-actin. The intensity  of mRNAs 
was standardized against that of the ȁ-actin mRNA 
from each sample, and the results were expressed as 
the PCR-product/ȁ-actin mRNA ratio.  
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Fig . 1: Effect of fisetin treatment on OVA -induced alterations in spleen GATA3 (A), IL -4 (B), IL -5 (C), and IL -
13 (D) mRNA expression in AR mice . Data are represented as Mean ± SEM (n = 4) and was  analyzed by one-
way ANOVA followed by Tukeyôs multiple range test. #p <0.05 as compared with normal group, *p <0.05 as 
compared with AR control group and $p < 0.05 as compared with each other. Figures in parenthesis indicate oral 
dose in mg/kg. AR: Allergic Rhin itis; HR: Hyperresponsiveness; OVA: Ovalbumin; MLT (10): Montelukast (10 
mg/kg) treated; F (10): Fisetin (10 mg/kg) treated; F (20): Fisetin (20 mg/kg) treated; F (40): Fisetin (40 mg/kg) 
treated; GATA3: GATA binding protein -3; ILôs: Interleukins. 

 
Histol ogical Examination  
On day 21, after blood withdrawal, 3 mice from each 
group were sacrificed. Nasal mucosa, spleen and lung 
tissues were dissected and stored for 24 h in 10% for-
malin for histological examination. The specimens 

were dehydrated and placed in xylene for 1 h (3 times) 
and later in ethyl alcohol (70, 90 and 100%) for 2h 
each. The infiltration and impregnation were carried 
out by treating with paraffin wax twice, each time for 
one hour. For tissue slide preparation, specimens were
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Fig. 2: Effect of fisetin treatment on OVA -induced alteration in nasal histopathology.  Photomicrograph of 
sections of nasal tissue from normal (A), AR control (B), Montelukast(10 mg/kg) treated (C), Fisetin(10 mg/kg) 
treated (D), Fisetin (20 mg/kg) treated  (E) and Fisetin (40 mg/kg) treated  (F) mice: Nasal H&E stain at 40X and 
100X. The quantitative representation  of histological score (G). Data are expressed as mean ± S.E.M. (n=3), and 
one-way ANOVA followed by Kruskal -Wallis test was applied  for post hoc analysis. #p <0.05 as compared with 
normal group, *p <0.05 as compared with AR control group and $p <0.05 as compared with each other. AR: 
Allergic Rhinitis; HR: Hyperresponsiveness; OVA: Ovalbumin; MLT (10): Montelukast (10 mg/kg) treated; F  (10): 
Fisetin (10 mg/kg) treated; F (20): Fisetin (20 mg/kg) treated; F (40): Fisetin (40 mg/kg) treated mice.  

 
cut into sections of 3-5 µm thickness and were stained 
with Hematoxylin and eosin (H&E). The specimens 
were then mounted on individual slides by use of Dis-
trene Phthalate Xylene (DPX). Sections were examined 
under light microscope to obtain a general impression 
of the histopathology features of specimen and infil -
tration of cells in epithelium and sub -epithelium. The 
intensity of histological a berrations in the nasal, spleen 
and lung tissue was graded as Grade 0 (not present or 
very slight); Grade 1 (mild); Grade 2 (moderate); and 
Grade 3 (severe) as described in the literature.38 

 
Statistical Analysis  
Data were expressed as mean ± SEM (standard error 
of means), and analysis was performed using Graph 

Pad Prism 5.0 software (Graph Pad, San Diego, USA). 
Statistical comparisons were made between drug-trea-
ted groups and AR control animals. Data of bioche-
mical parameters were analyzed using one-way ANO-
VA, Dunnettôs multiple range test was applied for post 
hoc analysis. A score of nasal redness and nasal dis-
charge was analyzed by nonparametric KruskalïWallis 
ANOVA. A value of p < 0.05 was considered to be sta-
tistically significant.  

 
SUPPLEMENTARY FILE  
Supplementary figure 1: Structure of fisetin ( 3, 3', 4', 7-
tetrahydroxyflavone ). 
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Fig. 3: Effect of fisetin treatment on OVA -induced alterati on in spleen histopathology.  Photomicrograph of 
sections of spleen tissue from normal (A), AR control (B), Montelukast(10 mg/kg) treated (C),Fisetin(10 mg/kg) 
treated (D), Fisetin (20 mg/kg) treated  (E) and Fisetin (40 mg/kg) treated  (F) mice: Spleen H&E stain at 40X. The 
quantitative representation  of histological score (G). Data are expressed as mean ± S.E.M. (n=3), and one-way 
ANOVA followed by Kruskal -Wallis test was applied  for post hoc analysis. #p <0.05 as compared with normal 
group, *p <0.05 as compa red with AR control group and $p <0.05 as compared with each other. AR: Allergic 
Rhinitis; HR: Hyperresponsiveness; OVA: Ovalbumin; MLT (10): Montelukast (10 mg/kg) treated; F (10): Fisetin 
(10 mg/kg) treated; F (20): Fisetin (20 mg/kg) treated; F (40): Fi setin (40 mg/kg) treated mice.  

 
RESULTS  
Effect of Fisetin Treatment on OVA -Albumin 
Induced Alteration in Body Weight, Spleen 
Weight, and Lung Weight  
OVA-Sensitization resulted in significant increase (p < 
0.05) in relative spleen and lung weights in AR control 
mice as compared to normal mice. However, OVA-con-
trol mice did not show any significant alterations in 
body weight as compared to normal mice. Mice treated 
with fisetin (20 and 40 mg/kg) significantly inhibited 
(p < 0.05) OVA-induced increase in relative spleen and 
lung weights as compared to AR control animals. Mon-
telukast (10 mg/kg) treatment also significantly decre -
ased (p < 0.05) relative spleen and lung weights as 

compared to AR control mice. However, attenuation in 
OVA-induced increase in the relative spleen, and lung 
weights were more significant (p < 0.05) in monteluk -
ast (10 mg/kg) than fisetin treatment  (Table 2). 
 
Effect of Fisetin Treatment on OVA -Induced 
and Histamine -Induced Alterations in Nasa l 
Symptoms  
On day 21, the number of nasal rubs, sneezing, and 
discharge significantly increased (p < 0.05) after OVA 
challenge in OVA-sensitized mice as compared to 
normal mice. Treatment with fisetin (20 and 40 mg/ 
kg) and montelukast significantly ( p < 0.05) reduced 
OVA-induced nasal rubbing, sneezing and discharge as
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Fig. 4: Effect of fisetin treatment on OVA -induced alteration in lung histopathology.  Photomicrograph of 

sections of lung tissue from normal (A), AR control (B), Montelukast(10 mg/kg) treated (C), Fisetin (10 mg/kg) 
treated (D), Fisetin (20 mg/kg) treated  (E) and Fisetin (40 mg/kg) treated  (F) mice: Lung H&E stain at 40X. The 
quantitative representation  of histological score (G). Data are expressed as mean ± S.E.M. (n=3), and one-way 
ANOVA followed by Kruskal -Wallis test was applied  for post hoc analysis. #p <0.05 as compared with normal 
group, *p <0.05 as compared with AR control group and $p <0.05 as compared with each other. AR: Allergic 
Rhinitis; HR: Hyperrespon siveness; OVA: Ovalbumin; MLT (10): Montelukast (10 mg/kg) treated; F (10): Fisetin 
(10 mg/kg) treated; F (20): Fisetin (20 mg/kg) treated; F (40): Fisetin (40 mg/kg) treated mice.  

 

 
 

Fig. 5:   Structure of fisetin (3,3 ´,4´,7-tetrahydrofolate.  

compared to AR control mice. On day 24, histamine 
challenge in AR control mice caused significant incre-
ase (p < 0.05) in nasal rubbing and sneezing as compa-
red to normal mice. Fisetin (20 and 40 mg/kg) treat -
ment significantly inhibited ( p < 0.05) histamine -ind -
uced nasal rubbing and sneezing as compared to AR 
control mice. Montelukast (10 mg/kg)  treatment also 
showed significant attenuation (p < 0.05)  in nasal rub-
bing and sneezing induced by histamine challenge as 
compared to AR control mice. Additionally, montelu -
kast (10 mg/kg) showed more significant inhibition  
(p < 0.05)  in OVA-induced as well as histamine-indu -
ced alterations in nasal symptoms as compared to 
fisetin treatment (Table 2). 


