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Abstract We aimed to investigate whether quercetin had a

therapeutic effect in an experimental rat model of allergic

rhinitis. The study was conducted with 35 rats, which were

randomly assigned into 4 groups: group 1 (n = 5), sham

group; group 2 (quercetin group, n = 10) received 80 mg/

kg day quercetin; group 3 (steroid group, n = 10) received

steroid (mometasone furoate); and group 4 (control group,

n = 10), received ovalbumin alone. Rats were sensitized

by administration of ovalbumin on alternate days over

14 days via an intraperitoneal route. On day 15, in addition

to ovalbumin via an intranasal route, quercetin and steroid

were given over 7 days to the corresponding groups. All

rats were then sacrificed and nasal turbinates were evalu-

ated histopathologically, and serum total IgE and ovalbu-

min (OVA)-specific IgE values were measured before and

after treatment. A significant increase in OVA-specific IgE

values was detected in all groups except sham group. A

significant increase was detected in post-treatment total IgE

levels in the control group, while no significant change was

detected in the sham, quercetin, and intranasal steroid

groups. On histopathological evaluation, it was observed

that findings of allergic rhinitis were suppressed in the

quercetin group when compared to the control group. In

immunohistochemical evaluation, it was detected that

COX-2 and VIP expressions were weaker in the quercetin

group compared to the control group. Based on these

findings, we conclude that quercetin was effective in

allergic rhinitis induced by ovalbumin in rats both

histopathologically and serologically.
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Introduction

Allergic rhinitis is a common disorder characterized by

inflammation of nasal mucosa, in which nasal symptoms,

including nasal congestion, sneezing, and itching, are

prominent [1]. Allergic rhinitis is a chronic IgE-related

disorder of the respiratory tract with high prevalence,

which progresses to labor loss, impaired quality of life, and

comorbid disease [2]. There are many medical treatment

modalities used in the treatment of allergic rhinitis,

including antihistamines, steroids, montelukast inhibitors,

and immunotherapy [3]. However, these therapeutic

modalities can fail on some occasions. Thus, numerous

animal studies have been conducted to construct allergic

rhinitis models and to evaluate the effects of different

agents [4].

Flavonoids are compounds with beneficial biological

effects that are plentifully present in herbal foods. These

compounds are mainly present in fruits, vegetables, tea,

and leguminous seeds, and they provide the color of many

fruits and flowers. Antioxidant effects are the best-defined

characteristics of almost all flavonoid groups [5]. Quercetin
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is one of the well-defined flavonoids and has potent

antioxidant activity when compared to other flavonoids. In

addition to antioxidant features, it has many biological

benefits, including anti-proliferative, anti-inflammatory,

anti-viral, anti-thrombotic, anti-atherosclerotic, anti-tu-

moral, anti-ototoxic, and anti-allergic effects [6–11].

However, its effectiveness in allergic rhinitis is unknown.

In the present study, we aimed to investigate whether

quercetin given via an intraperitoneal route had therapeutic

activity in an experimental rat model of allergic rhinitis.

Materials and methods

Study plan

The study was approved by the Local Ethics Committee on

Experimental Animal Studies of Erciyes University (14/

127). The study was conducted with 35 female Sprague–

Dawley rats weighing 200–250 g and aged 20–22 weeks at

Hakan Çetinsaya Clinical and Experimental Animal

Research Center of Erciyes University. Rats were housed

under the standard conditions at a temperature of 21 �C,
maintaining a 12-h dark-light cycle. All animals were fed

with the standard commercial pellet diet and water

ad libitum.

Anesthesia and drug administration

In all rats, sedation was achieved by administration of

10 mg/kg xylazine (Rompun, Bayer, Germany) and 40 mg/

kg ketamine hydrochloride (Ketalar, Eczacibasi, Turkey)

via an intraperitoneal route. Nasal examination was per-

formed before the study in all rats and those with serous

secretion were excluded.

Five rats were assigned as the sham group (group 1).

Subsequently, in the remaining 30 rats, 1 mg ovalbumin

(Sigma-Aldrich, St. Louis, MO, USA) plus 10 mg alu-

minum hydroxide (dissolved in 1 ml normal saline) was

given on alternate days via an intraperitoneal route over

14 days to induce allergy. The drugs were given at the

same time each day. After sensitization, 30 rats were ran-

domly assigned into three groups. In group 2 (quercetin

group, n = 10), 80 mg/kg quercetin (Sigma-Aldrich

Chemical Co., St. Lousi, MO, USA) was given via an

intraperitoneal route over 7 days [12]. In group 3 (steroid

group, n = 10), 0.1 ml mometasone furoate (Nasonex�,

Schering Plough, İstanbul, Turkey) was applied to each

nostril using a micro-pipette over 7 days. Group 4 was

assigned as a control group. In addition, 10 lg/ll ovalbu-
min (once daily) was applied to each nostril over 7 days

using a micro-pipette to trigger allergy between the 15th

and 21st days in all rats.

Assessment of nasal symptoms

Before all intranasal administrations, nasal examination

was performed in all rats and findings were recorded

periodically throughout the study. After repeated intranasal

ovalbumin administration following intraperitoneal oval-

bumin, nasal assessment was performed by observation

beginning on day 14. Nasal symptom scores were assessed

independently by two blinded observers to the experi-

mental groups. After a 10-min adaptation period, rats were

observed over 10 min and nasal symptoms, including

sneezing, itching, and rhinorrhea, were rated on a 0–3 point

scale (Fig. 1a) [13]. Allergic rhinitis scores were recorded

on days 15, 16, 18, 20, 21, and 22 (Fig. 2). The allergic

rhinitis model was considered to be successful when the

total score exceeded five points.

Measurement of total IgE and ovalbumin-specific

IgE levels

In all rats, 1 cc blood samples were drawn via intra-cardiac

puncture under anesthesia at baseline and at study com-

pletion. Blood samples were centrifuged at 3000 rpm for

20 min. Sera obtained were stored at -80 �C until assayed.

Total IgE and ovalbumin-specific IgE levels were mea-

sured by an ELISA method (Rat OVA SIgE Antibody

ELISA 96-well micro-titer plate kit, Rat Total IgE Anti-

body ELISA 96-well micro-titer plate, Mybiosource, Inc,

San Diego, USA).

At the end of the study, the rats were sacrificed by

cervical dislocation under anesthesia. Nasal cavity, nasal

septum, paranasal sinus, and conchas were removed by en

bloc dissection. Tissue samples were stored in 10%

formaldehyde.

Histopathological examination

Tissues removed were fixed in neutral formaldehyde for

24 h. Tissue samples were then washed overnight and

dehydration was performed by treating with an alcohol

series of increasing concentration. Xylene was used to

obtain transparent tissue. Tissue sections (5 lm in thick-

ness) were then mounted on poly-lysine coated slides.

Some slides were stained using hematoxylin–eosin (H&E)

for histopathological assessment. The remaining slides

were used for immunohistochemical evaluations. Slides

were incubated at 60 �C overnight and deparaffinized using

xylene followed by dehydration with an alcohol series of

increasing concentration. For antigen retrieval, slides were

placed in citrate buffer (10 mM, pH 6.0) and boiled in a

microwave oven for 15 min. To prevent endogenous per-

oxidase activity, slides were treated with hydrogen perox-

ide for 15 min. Slides were then incubated with blocking
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serum for 15 min (Ultra V Block, TP-060-HL, NeoMarker,

Fremont, CA, USA). The slides were incubated with pri-

mary COX-2 (Thermo, CA, USA), MMP-9 (Scbt, USA)

and VIP (Scbt, USA) antibodies at room temperature for

60 min. Antigen–antibody complex was fixed using

biotinylated secondary antibody and streptavidin–peroxi-

dase complex. Labeling was achieved using DAB (Labvi-

sion, CA, USA). Contrast staining was achieved using

Mayer’s hematoxylin and slides were closed with mounting

medium. Images were captured by a digital camera

attached to an Olympus microscope (Cx31, Germany).

In each preparation, bilateral nasal turbinates were

assessed and H score was calculated according to intensity

and amount of staining in ten randomly selected fields

(4009). Immunolabeling scores were evaluated indepen-

dently by two blinded observers to the experimental

groups. The intensity of staining was semi-quantitatively

scored as follows: 0, (no staining); 1 (?, weak

immunoreactivity); 2 (??, moderate immunoreactivity);

and 3 (???, strong immunoreactivity). Percent staining

was calculated as proportion of cells/structure with

immunoreactivity to total cells/structure: 1, (0–10%, focal);

2 (11–50%, regional); and 3 (51–100, diffuse). For each

field, intensity and amount scores were calculated using the

following formula:
P

Pi � ði þ 1Þ (Pi percent staining;

i intensity of staining). Total score was obtained by adding

scores of each field. All counts were performed on ten

fields from each slide using the image analysis software

(Leica Q Win V3 Plus Image, Germany).

Statistical analysis

Data were analyzed using Statistical Package for Social

Sciences (SPSS version 16.0; SPSS Inc., IL, USA).

Descriptive statistics are given as mean and standard

deviation. Distribution of parametric variables was ana-

lyzed using Kolmogrov–Smirnov test. One-way ANOVA

and post hoc Bonferroni tests were used to compare pre-

Fig. 1 a Scoring of allergic

rhinitis. b Comparison of nasal

symptom scores among groups

Fig. 2 Schematic illustration of procedures in rats
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and post-treatment total IgE and ovalbumin-specific IgE

levels between groups. Student’s t test was used to compare

pre- and post-treatment values with normal distribution,

while Wilcoxon rank test was used to compare pre- and

post-treatment values with skewed distribution within each

group. In binary comparisons, independent samples t test

was used for data with normal distribution, while Mann–

Whitney U test was used for data with skewed distribution.

In all analyses, a p value\0.05 was considered to be sta-

tistically significant.

Results

Nasal symptom findings

All rats underwent nasal examination before the study and

those without serous secretion were included in the study.

When nasal symptoms were assessed throughout the study,

allergic rhinitis development was exclusively observed in

rats in the control group. Rats with a symptom score C5

were considered to have allergic rhinitis. Although mild-to-

moderate serous secretion, sneezing, and itching were seen

in quercetin and steroid groups, there was no experimental

group rated as C5 points. No symptom was observed in the

sham group throughout the study (Fig. 1b).

Total IgE and ovalbumin-specific IgE levels

There was no significant difference in baseline total and

OVA-specific IgE levels among the groups (p = 0.509). In

intra-group comparisons, there was a significant increase in

post-treatment serum total IgE levels when compared to

baseline in the control group (p\ 0.05), while no signifi-

cant increase was detected in the sham, quercetin, and

steroid groups (p[ 0.05) (Table 1). Significant increases

were detected in serum OVA-specific IgE levels measured

at the end of the study when compared to baseline in all

groups other than the sham group (p\ 0.05) (Table 1).

There were significant differences in serum total and

OVA-specific IgE levels measured at the end of the study

among the groups (p\ 0.001). It was found that the extent

of increase was greater in the control group compared to

the remaining groups (Table 1).

Histopathological findings

Hematoxylin–eosin staining findings

In the control group, it was observed that there was

increased mucosal inflammation, vascular dilatation, and

marked dilatation in ducts of serous glands of the nasal

turbinate (Fig. 3a). In quercetin and steroid groups, vas-

cular dilatation, mucosal inflammation, and dilatation in

ducts of serous glands were markedly decreased when

compared to the control group (Fig. 3b, c). It was seen that

the normal architecture of the nasal turbinate was preserved

in the sham group (Fig. 3d). The number of inflammatory

cells was low in connective tissue and no dilatation was

detected in secretory ducts. In addition, the eosinophil

count in mucosa of the nasal turbinate was significantly

higher in the control group when compared to quercetin

and steroid groups (p\ 0.001).

Immunohistochemical staining findings

In the control group, strong COX-2 expression was

observed in chondroblasts, epithelial cells, and connective

tissue cells in cartilage of the nasal turbinate (Fig. 4a). In

quercetin and steroid groups, it was observed that COX-2

expression was moderate in both chondroblasts and other

cells (Fig. 4b, c), while it was weak in cartilage and

epithelial tissue in the sham group (Fig. 4d).

MMP-9 expression in nasal mucosa and connective

tissue of the nasal turbinate was weak in all groups.

It was found that VIP expression was moderate-to-strong

in nasal mucosa in the control group (Fig. 5a), while it was

weak-to-moderate in the remaining groups (Fig. 5b–d).

Table 1 Comparison of pre- and post-treatment serum total IgE and

ovalbumin-specific IgE values among groups

Pre-treatment Post-treatment p value

Group 1 (sham)

Total IgE 1.20 ± 0.60 1.13 ± 0.76 0.860

Specific OVA IgE 0.00 ± 0.00 0.00 ± 0.00 1.000

Group 2 (quercetin)

Total IgE 2.14 ± 1.06 2.74 ± 1.20 0.196

Specific OVA IgE 0.00 ± 0.00 1.78 ± 1.32 0.002*

Group 3 (steroid)

Total IgE 1.56 ± 1.39 2.98 ± 1.66 0.124

Specific OVA IgE 0.00 ± 0.00 1.54 ± 0.98 0.001*

Group 4 (control)

Total IgE 1.81 ± 1.29 29.3 ± 2.50**,? \0.001*

Specific OVA IgE 0.00 ± 0.00 25.48 ± 4.45**,? \0.001*

p value (ANOVA)

Total IgE 0.509 \0.001

Specific OVA IgE 1.000 \0.001

* Student’s t test; p\ 0.05

** There was a significant increase in control group when compared

to quercetin group (post hoc Bonferroni test, p\ 0.001)
? There was a significant increase in control group when compared

to steroid group (post hoc Bonferroni test, p\ 0.001)
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Discussion

Several allergens, such as ovalbumin, pollen from Cryp-

tomeria japonica (Sugi tree), toluene 2-4-diisocyanate

(TDI), Schistosoma mansoni egg antigen (SEA), and

Ascaris suum extract antigen (ASA), have been used to

develop animal models of allergic rhinitis [14–17]. For

immunization with antigen, ovalbumin has been given with

an adjuvant such as aluminum via an intraperitoneal route

followed by an intranasal route at different doses and

times, and increased inflammatory cells and eosinophils

were observed in the nasal mucosa of subjects given

ovalbumin in histopathological evaluation [18, 19]. In our

study, histopathological findings of allergic rhinitis, such as

increased inflammation, eosinophil count, vasodilatation,

dilatation of secretory ducts of serous glands, and edema,

Fig. 3 Hematoxylin–eosin

staining of the nasal turbinate:

arrow inflammation cells, star

vascular dilatation and marked

dilatation in ducts of serous

glands, d vascular dilatation.

Control (a), quercetin (b),
steroid (c), sham (D), 9400

Bar 10 lm

Fig. 4 Immunohistochemical

localization of COX-2 of the

nasal turbinate; arrow cells with

immunoreactivity,

K chondroblasts; control (a),
quercetin (b), steroid (c), sham
(d) (9400; 10 lm). Mayer’s

hematoxylin contrast staining
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were detected in the control group receiving ovalbumin

alone in histopathological evaluations.

Wen and Avinçsal developed a qualitative scale by

scoring nasal symptoms in rats [13, 19]. The authors rated

sneezing, itching, and rhinorrhea symptoms on a 0–3 point

scale (Fig. 1a). In our study, allergic rhinitis scores were

recorded on days 1, 14, 15, 16, 18, 20, 21, and 22 in rats

sensitized with ovalbumin. It was seen that allergic rhinitis

developed in control rats only. On physical examination,

there was no group rated with C5 points in total score,

although mild-to-moderate rhinorrhea, sneezing, and itch-

ing were observed in the quercetin and steroid groups. It

was seen that allergic rhinitis symptoms were suppressed in

the quercetin and steroid groups.

IgE production is increased as a response to environ-

mental allergens in atopic diseases, such as atopic der-

matitis, allergic rhinitis, or bronchial asthma. Serum total

IgE and OVA-specific IgE levels are increased in animals

in which an experimental model of allergic rhinitis is

induced by ovalbumin [20, 21]. In our study, we also

measured pre- and post-treatment total and OVA-specific

IgE by an ELISA method. It was seen that there was a

significant increase in total and OVA-specific IgE levels

at the end of the study when compared to baseline in the

control group. However, no significant increase was

detected in total IgE levels at the end of the study in the

steroid and quercetin groups, while a significant increase

was detected in OVA-specific IgE levels in all groups

other than the sham group. The extent of increase in

OVA-specific IgE levels was greater in the control group

than in the quercetin and steroid groups. Based on these

findings, quercetin was found to be effective in allergic

rhinitis in a serological manner with values similar to the

steroid group.

In agreement with our study, it was shown that serum total

and specific IgE levels were decreased by local steroid use in

some studies. Ohrui et al. reported that inhaled corticosteroid

therapy at a dose of 800 mcg reduced serum total and

allergen-specific IgE levels in patients with atopic asthma

[22]. Naclerio et al. found that intranasal steroid use sup-

pressed serum ragweed-specific IgE elevation in patients

with allergic rhinitis [23]. Most probable explanation which

decreases in IgE levels can be associated with additional

effects of corticosteroid. It is known that serum IgE level is

decreased when exposure to an allergen is reduced. As a

result, any therapeutic intervention decreasing inflammation

in the airway can result in decreased serum IgE level by

decreasing airway permeability.

Immunohistochemical studies evaluating pathological

changes in allergic rhinitis demonstrated accumulation of

eosinophils and other inflammatory cells within the lamina

propria and the epithelium. It was also shown that there

were structural changes, such as hypertrophic glands,

goblet cell hyperplasia, vascular dilatation, and hyper-

trophic chondrocytes in patients with allergic rhinitis [24].

In our study, increased inflammatory cells and eosinophil

infiltration, edema, vascular dilatation, and dilated secre-

tory ducts of serous glands were detected in mucosa of

nasal turbinates in rats in which an experimental model of

allergic rhinitis was induced.

Cyclooxygenase (COX) enzymes (COX-1 and COX-

2) account for the generation of eicosanoids from

arachidonic acid and they are an important component

and marker of an inflammatory response [25]. The

Fig. 5 Immunohistochemical

localization of VIP of the nasal

turbinate; arrow cells with

immunoreactivity. Control (a),
quercetin (b), steroid (c), sham
(d) (9400; 10 lm). Mayer’s

hematoxylin contrast staining
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matrix metalloproteinase (MMP) family is a member of

the extracellular proteinases. The most important func-

tion of the MMP family is degradation of the extra-

cellular matrix. It is thought that an uncontrolled

increase of MMP activity plays a role in acute and

chronic disorders through ECM degradation. Vasoactive

intestinal polypeptide (VIP) acts as a neurotransmitter in

postganglionic parasympathetic neurons. In postgan-

glionic neurons, VIP regulates glandular secretion and

vasomotor activity of nasal mucosa in concert with

methionine, histidine, and acetylcholine, while it indu-

ces inflammation through its effects on target cells, such

as immune, mast, and vascular smooth cells [26]. In our

study, we found that COX-2 and VIP expressions were

weaker in quercetin and steroid groups compared to

controls. However, MMP-9 expression was found to be

weak in nasal mucosa epithelium and connective tissue

of nasal turbinates in all groups. These findings suggest

that quercetin may decrease symptoms of allergic

rhinitis by suppressing inflammatory pathways and may

provide results comparable to steroids, which are potent

anti-inflammatory agents.

Besides avoiding allergens, use of antihistamines, leu-

kotriene antagonists, systemic and local steroids, cromolyn

sodium, and decongestants can be insufficient in the

treatment of allergic rhinitis [2, 27]. Numerous experi-

mental studies have been performed in attempt to seek for

treatment, and novel agents have been studied. For this

purpose, many substances, including cyclosporine,

cyclophosphamide, botulinum toxin, doxycycline, N-

acetylcysteine, Tong Qiao, vitamin C, and CTLA4-Ig, have

been used in animal models at different doses and times

[13, 18–21, 28, 29]. To the best of our knowledge, there has

been no study on the use of quercetin in experimental

models of allergic rhinitis.

Quercetin is a member of the flavonoid family, which

has several biological activities, such as antioxidant, anti-

proliferative, anti-inflammatory, anti-viral, anti-throm-

botic, anti-atherosclerotic, anti-tumoral, and anti-allergic

activities [6, 10]. In previous studies, it was shown that

quercetin inhibited mast cell activation, inflammatory

cytokine production, and histamine release after immuno-

logical stimulation [30–32]. In a study using an animal

model of asthma, it was shown that quercetin caused a

decrease in interleukin-5 level and eosinophil count in

bronchoalveolar lavage fluid and pulmonary tissue [32]. In

an experimental model of asthma, it was reported that

quercetin given at a single dose of 10 mg/kg over 5 days

suppressed elevation in eosinophil count in peripheral

blood and bronchoalveolar lavage fluid [33]. In an in vitro

study by Sakai et al., it was reported that quercetin inhib-

ited eosinophil activation following SCF stimulation.

Moreover, it was also suggested that oral quercetin (over

21 days) did not suppress eosinophilia in peripheral blood

or IgE production [34].

Allergic rhinitis is characterized by chronic inflam-

mation of nasal mucosa. The chronic inflammation

results in epithelial injury, subepithelial fibrosis,

epithelial metaplasia, decreased nasal ciliary activity,

and cilia loss [35, 36]. In a study by Zhang et al., it was

found that quercetin enhanced CFTR-related Cl- trans-

port and ciliary beat frequency in murine nasal septal

and human sinonasal epithelial cell cultures [37]. In our

study, quercetin might have suppressed allergic rhinitis

in the rats by increasing Cl- transport and ciliary beat

frequency.

From the present study, we concluded that quercetin was

effective in the treatment of allergic rhinitis based on the

findings that total and ovalbumin-specific IgE levels were

lower and that vascular dilatation, inflammation, dilatation

in secretory glands of serous glands, eosinophil infiltration,

and COX-2 and VIP expressions were lower in the quercetin

group compared to the control group. In our study, quercetin

could have suppressed findings of allergic rhinitis by a

cumulative activity, including anti-inflammatory effect via

inhibition of COX-2 and VIP expressions and anti-allergic

effect via suppression of total and specific IgE expressions.

It is clear that our study has some limitations. First,

quercetin was exclusively given via systemic route in our

study. However, it may be appropriate to give quercetin

via intranasal route to assess local effectiveness and to

compare local steroid administration. In addition, this

may enable to compare therapeutic effectiveness of

systemic and local quercetin administrations. Second,

quercetin was used at a single dose level (80 mg/kg).

Thus, therapeutic effectiveness of quercetin at different

doses can be investigated using quercetin in a dose-de-

pendent manner.

Conclusion

This is the first study conducted showing the effectiveness

of quercetin for symptoms of allergic rhinitis in an exper-

imental rat model of allergic rhinitis. It was found that

serum total IgE and ovalbumin-specific IgE levels were

lower and symptoms of allergic rhinitis were suppressed in

the quercetin group when compared to the control group.

Serological and histopathological results in the quercetin

group were similar to those in the steroid group. In con-

clusion, quercetin was effective in an experimental rat

model of allergic rhinitis, similar to steroid therapy. Based

on our findings, further experimental and clinical trials are

needed on quercetin use in the treatment of allergic rhinitis.
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