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Abstract

Background Allergic rhinitis (AR) is a ubiquitous chronic disease with a growing incidence. We aimed to investigate the
protective effect of naringenin against AR induced in rats.

Methods Thirty-two Sprague Dawley rats were divided into four groups of eight animals each. Group 1 represented the
control group. The other 24 rats were sensitized with intraperitoneal 0.3 mg ovalbumin (OVA) and 30 mg aluminum hydrox-
ide every other day for 14 days to induce AR. Ten microliters OVA was administered to both nostrils by inhalation for the
following seven days to provoke AR. Group 2 represented the AR group and received no treatment. Group 3 was treated
as the reference group and received 5 mg/kg desloratadine every day between days 15 and 21. Group 4 received 100 mg/
kg naringenin orally between days 15 and 21. All animal’s sneezing and nasal itching scores were recorded on day 22. The
rats were then sacrificed. Serum total IgE, IL4 and IL5 values were studied, and nasal structures were extracted ‘en bloc’
for histopathological examination.

Results Significant clinical recovery was achieved in the group treated with naringenin. Serum total IgE, IL4 and IL5 values
in the naringenin group were significantly lower than in the AR group, and significant histopathological improvement was
observed compared to the AR group.

Conclusions Naringenin produced significant clinical, biochemical and histopathological benefits in rats with induced AR.
These effects suggest that naringenin is a promising agent for the treatment of AR.
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Introduction

Recurrent sneezing, watery nasal discharge and nasal
obstruction are characteristically seen in allergic rhinitis
(AR), an allergic type-1 disease of the nasal mucosa [1]. AR
is a commonly seen form of non-infected rhinitis frequently
mediated by immunoglobulin E (IgE) in association with
aeroallergens resulting in chronic sinusitis due to recurrent
nasal inflammation [2]. Although AR is not life-threatening,
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it compromises quality of life and entails an economic bur-
den [3]. AR is one of the most common diseases worldwide.
It is seen in all age groups, but generally commences at early
ages and persists throughout life [4].

Various therapeutic approaches are available for the treat-
ment of AR, including antihistaminics, steroids, immuno-
therapy, and leukotriene receptor antagonists. However,
these have various side-effects, and also involve high costs
due to the need for long-term use. New safe and natural
therapeutic methods are needed to reduce side-effect rates
and costs. Animal studies involving various substances with
known antiallergic effects in alternative medicine are also
being performed [5].

Naringenin is a flavanone group flavonoid found in citrus
fruits such as orange and mandarin, and particularly grape-
fruit. It is also present in tomato and tomato-based products
such as ketchup, and more widely in tomato peel [6]. Nar-
ingenin is an aglycone of naringin, and an active metabolite
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emerging through the conversion of naringin to naringenin
by enterobacteria before absorption in the digestive system
following oral intake. Naringenin (4',5,7 thrihydroxyfla-
vanone) can be obtained from hydrolysis of naringin (4',5,7
thrihydroxyflavanone-7-rhamnoglucoside) with the enzyme
naringinase. Naringenin exhibits free radical scavenging,
lipid peroxidation reducing and anti-inflammatory effects
by inhibiting the cyclo-oxygenase and 5-lipo-oxygenase
pathways in arachidonic acid metabolism [7, 8].

The purpose of this study was to investigate the protec-
tive effect of naringenin against AR induced with ovalbumin
(OVA) in an experimental animal model in comparison with
desloratadine at the clinical, biochemical and pathological
levels.

Materials and methods
Animals

This study commenced following receipt of approval from
the Atatiirk University Experimental Animals Local Ethi-
cal Committee. It was performed with 32 healthy female
Sprague Dawley rats weighing 250-300 g obtained from the
Atatiirk University Medical Experimental Application and
Research Center, Turkey.

Rats were housed in transparent plastic cages ina 12 h
dark: 12 h light cycle, at a mean temperature of 23 °C and
42% humidity. They were fed with standard chow, and no
weight loss or mortality was observed during the study. The
principles of the Helsinki Declaration concerning the care
and use of experimental animals were scrupulously applied
throughout the study.

Rats were randomly assigned into four groups of eight
animals each. No allergic or infectious findings were deter-
mined at observational examination.

Experimental protocol and drug administration

Sensitization with antigens was performed on 24 rats,
excluding the eight-member control group, to establish a
model of AR. For that purpose, 0.3 mg OVA (Sigma-Aldrich
Chemical Co. St. Louis) and 30 mg aluminum hydroxide
were dissolved in 0.9% saline solution. A 1 ml mixture was
prepared and administered to the rats every other day for 14
days in the same manner via the intraperitoneal route. From
the 15th day onward, to trigger allergy, 20 mg/ml OVA was
prepared with 0.9% saline solution. Next, 10 pl was admin-
istered via the intranasal route to each nostril of each rat
with the help of a micropipette every day for seven days.
Several similar studies have employed the same method to
establish an AR model with OVA [9-13]. Our study design
was as follows:
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Group 1

The control group (control). The eight rats in this group
received 8 mg/kg intraperitoneal saline solution throughout
the study period.

Group 2

The AR group (AR). The eight rats in this group were sen-
sitized and provoked with OVA, and received 8 mg/kg intra-
peritoneal saline solution throughout the treatment period.

Group 3

The AR and antihistaminic treatment group (AR-H). The
eight rats with induced AR in this group received 10 mg/kg
desloratadine (AERIUS 5 mg tb Schering Plough) dissolved
in 2 ml 0.9% saline solution via intragastric gavage every
day for seven days, 1 h before OVA administration on days
15-21 of the study.

Group 4

The induced AR and naringenin treatment group (AR-NAR).
The eight rats in this group received 100 mg/kg naringenin
dissolved in 2 ml saline solution with the help of 1% (1 mg/
kg) carboxy methyl cellulose (CMC) via intragastric gavage
every day for seven days 1 h before OVA administration on
days 15-21 of the study.

Nasal symptom scoring

Nasal symptom scoring was performed on all rats 24 h after
final drug administration for the purpose of clinical evalua-
tion. All rats were placed into separate cages. After a 15 min
adaptation period they were observed by eight observers
blinded to the study groups. Nose scratching movements and
numbers of sneezes were separately counted over a 15 min
period. The total numbers of nasal scratching movement and
sneezes were calculated.

Anesthesia application protocol: following clinical evalu-
ation, general anesthesia was administered with ketamine
hydrochloride (Ketalar ampoule, Pfizer, Istanbul) 40 mg/kg
+ xylazine hydrochloride (Rompun ampoule, Bayer, Istan-
bul) 10 mg/kg by the intraperitoneal route.

In-vivo blood collection process and excision
of nasal structures

The diaphragm was carefully passed through an abdominal
incision with animals under general anesthesia. Intracardiac
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blood specimens were collected from the functioning heart.
Rats were then sacrificed, and the nasal region was extracted
‘en bloc’.

Biochemical analysis

The intracardiac blood specimens were immediately cen-
trifuged for 10 min at 3000 rpm for plasma separation. The
plasma was then stored at —80 °C until the day of study.

Plasma total Ig-E levels were determined using the
ELISA method. A kit specially produced for rats, No. 201-
11-0453 was employed for this purpose (Sunredbio, China).
Ig-E levels were expressed as KU/L. Plasma IL-4 levels were
determined using ELISA and a kit with a code number of
201-11-0134 (Sunredbio, China). IL-4 levels were expressed
as pg/mL. Plasma IL-5 levels were determined using ELISA
and a kit with a code number of 201-11-0135 (Sunredbio,
China). IL-5 levels were expressed as pg/mL.

Histopathological analysis

Nasal septal tissues extracted at necropsy for histopatho-
logical examination were fixed in 10% formalin solution for
48 h. They were then softened for 96—120 h in Osteosoft
(Merc, HC313331, Germany) solution for decalcification
and washed in running water for 24 h. Tissues were then
embedded in paraffin blocks being processed through 80%
alcohol (12 h x 2 times), 90% alcohol (12 h X 2 times), 96%
alcohol (12 h X 2 times), 100% alcohol (12 h x 2 times),
chloroform (5 h X 3 times), and liquid paraffin (12 h). Sec-
tions 4 mm in thickness were taken from each block, and
preparates were made ready on glass slides. The preparates
were stained with hematoxylin—eosin (H and E) for his-
topathological examination and examined under a light
microscope. Sections examined under light microscope were
evaluated in terms of lesions; none (—), mild (4), moder-
ate (++) or severe (+++) and photographed. The scale of
histopathological examination was summarized in Table 1.

Table 1 The histopathological scale employed
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Fig. 1 Nasal scratching scores. The vertical axis shows the sum of
nasal scratching numbers. The letters above each bar show statistical
comparisons. Different letters indicate significance at the p < 0.05
level, while the same letters indicate no significant difference

Statistical analysis

SPSS 17.0 software was used for statistical analysis. Distri-
bution of nasal symptom scores and biochemical data was
assessed using the Shapiro—Wilk test. Since distribution was
normal, One-Way ANOVA was used for analysis. Two-way
analyses were performed using the Post-hoc Tukey test. p
values <0.05 were regarded as statistically significant.

Results
Nasal symptom scores

As both numbers of nasal scratching movements and number
of sneezing were higher, the highest nasal symptom score
was determined in the AR group (p < 0.05). Nasal scores in
the two treatment groups were significantly lower compared
to the AR group, but no significant difference was observed

None Mild (+) Moderate (++) Severe (+++)
(=)
Ciliary desquamation in the epithelium (number of desquamated cells) <5 5-15 16-20 >20
Necrotic-eosinophilic mass in the lumen (diameter of the eosinophilic mass) 0 <5 um 5-15 pm >15 pm
Proliferation in goblet cells (number of goblet cells in one section) <7 7-10 11-15 >15
Edema in the lamina propria (diameter of the edema) 0 <5 um 5-15 pm >15 pm
Mononuclear cell infiltration in the lamina propria (number of cells) <5 5-15 16-20 >20
Dilatation and hyperemia in vessels (number of dilated vessels in one section) <3 3-5 6-10 >10
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between nasal symptom scores in the AR-H and AR-NAR
groups (Figs. 1, 2).

Biochemical results

Total Ig-E levels were significantly elevated in the AR group
compared to the other groups (p < 0.001). Ig-E levels were
significantly lower in both the AR-H and AR-NAR groups
compared to the AR group. (p < 0.001) (Fig. 3).

Plasma IL-4 levels were significantly higher in the AR
group than in the other groups. Plasma IL-4 levels in rats
treated with naringenin were significantly lower than in the
AR group (p < 0.05) (Fig. 3).

Plasma IL-5 levels were significantly higher in the AR
group than in the other groups (p < 0.001). IL-5 levels
were significantly lower in both treatment groups com-
pared to the AR group, but no significant difference was
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Fig.2 Nasal sneezing scores. The vertical axis shows the sum of
nasal sneezing numbers. The letters above each bar show statistical
comparisons. Different letters indicate significance at the p < 0.05
level, while the same letters indicate no significant difference.

determined in IL-5 levels between the desloratadine and
naringenin groups (p = 0.09) (Fig. 3). The biochemical test
results are shown in Table 2.

Histopathological findings

A comparison of the histopathological findings is shown
in Table 3. Histopathological examination of rat’s nasal
cavities revealed the following findings:

Control group

A normal histological architecture was observed in the
mucosa and submucosa (Fig. 4a).

AR group

Desquamation, erosion and eosinophilic cell infiltration
were observed in the mucosal epithelium in the nasal cav-

ity. Severe edema was observed in the submucosa, together
with dilatation and severe congestion in vessels (Fig. 4b).

Table 2 Biochemical test results

Ig-E IL-4 IL-5
Control 1.14+0.1% 46.6+2.8" 21.7+1.7%
AR 2.23+0.1° 67.7+3.6" 34420

AR-H 1.38+0.1° 52.941.9° 24.7+1.2%¢
AR-NAR 1.63+0.08¢ 62.7+2.1¢ 27.742.8°

The letters above each number show statistical comparisons. Different
letters indicate significance at the p < 0.05 level, while the same let-
ters indicate no significant difference

-
LA o=ty
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Fig.3 Biochemical results. Data are expressed as mean values, and
standard deviation values are shown above each bar. The letters above
each bar indicate the statistical comparison. Different letters indicate
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Table 3 Histopathological Control AR ARH ARNAR
examination results
Desquamation in the epithelium - +++ ++ ++
Erosion in the epithelium with necrotic-eosinophilic - +++ + +
mass in the lumen
Edema in the lamina propria - +++ ++ ++
Mononuclear cell infiltration in the lamina propria - +++ ++ ++
Dilatation and hyperemia in vessels - 4+ ++ 44

Fig. 4 Histopathological findings. H and E, Bar: 20 um. a Control
group: a normal histological architecture was observed in the mucosa
and submucosa. ¢ septal cartilage. b AR Group: severe desquamation
and erosion in lamina epithelialis (arrows), degeneration and necrosis
in the epithelium (arrow heads), eosinophilic cell infiltration (stars),
dilatation of vessels and severe congestion (empty star). Severe
edema was observed in the submucosa with dilatation of serous

AR-H group

Desquamation and erosion were observed in the lamina epi-
thelialis, mild edema in the lamina propria, and hyperemia
and eosinophilic cell infiltration in vessels (Fig. 4c)

glands (thick arrows). ¢ AR-H Group: desquamation and erosion in
the lamina epithelialis (arrow heads), dilatation and congestion in
vessels (empty star), dilatation of serous glands (thick arrows). d AR-
NAR Group: mild desquamation and erosion in the lamina epithelia-
lis (arrow heads), eosinophilic cell infiltration (stars), dilatation and
congestion in vessels (empty star), dilatation of serous glands (thick
arrows)

AR-NAR group
Mild erosion was observed in the lamina epithelialis, edema

in the lamina propria, and hyperemia and moderate eosino-
philic cell infiltration in vessels (Fig. 4d).
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Discussion

AR is an inflammatory disease of the nasal mucosa char-
acterized by sneezing, and nasal itching, discharge and
obstruction. CD4+ lymphocytes play a key role in this
IgE-mediated inflammation, together with cytokines such
as IL-4, -5, -10, and -13 released from Th2 cells. IL-4 is
the principal cytokine that triggers sensitivity to allergens
through the release of IgE from B lymphocytes. IL-5 plays
a key role in the triggering of eosinopoiesis and in eosino-
philic inflammation in AR. Scientific and epidemiological
studies have shown that AR is a component of the inflam-
matory process and is associated with other inflammatory
disorders of the mucosal membrane, such as rhinosinusitis
and allergic conjunctivitis, and particularly asthma. Envi-
ronmental allergens mediate early and late phase responses
in AR, similarly to asthma [14].

Allergens in the nasal mucosa of sensitized individuals
trigger the rapid release of stored mediators such as hista-
mine by binding to the mast cell surface, resulting in early
phase responses such as nasal itching, watery nasal dis-
charge, and sneezing. IgE-mediated type-1 hypersensitiv-
ity reaction leads to the early phase of AR. In addition to
histamine and tumor necrosis factor alpha (TNFa) stored
with the production of endothelial molecules, lipid struc-
tures such as leukotriene C4 (LTC4) and prostaglandin D2
(PGD?2) secreted from cells such as eosinophils, basophils,
and CD+ T lymphocytes are also involved in the late phase
of the allergic response. The principal symptom of the
late phase of allergy is nasal obstruction. Edema of the
nasal mucosa derives from mucosal vessel obstruction and
plasma leakage and interstitial edema in the mucosa under
the effect of platelet activating factor (PAF), PGD2, kinin
and leukotrienes. Leukotrienes released from eosinophils
in particular play the principal role in edema of the nasal
mucosa observed in the late phase [15].

In addition to the lymph nodes and bone marrow, the
principal production sites, IgE is also manufactured in
B lymphocytes in the nasal mucosa. Increased allergen-
specific IgE and eosinophilic inflammation, characteristic
features of AR, differentiate the allergy from other disor-
ders [14-16].

H1 antihistaminics, intranasal corticosteroids and
immunotherapy used in combination are modalities com-
monly employed in the treatment of AR. However, these
may give rise to side-effects such as mild numbness, ver-
tigo, concentration disorder and arrhythmia. Many patients
employ alternative and complementary therapies such as
Chinese medicine and acupuncture that result in fewer
side-effects. Alternative and complementary therapies,
including herbal medications, and dietary supplements are
also regarded as general therapeutic modalities for AR [17,
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18]. Several studies have investigated herbal medications
and alternative therapies for the treatment of AR. Such
studies have attracted growing interest in recent years.
Quercetin, curcumin, resveratrol, berberine and hesperi-
din have been used for therapeutic purposes in induced
experimental AR models [10, 11, 19-21].

OVA is widely employed to induce an animal model of
AR. OVA triggers such principal symptoms of AR as sneez-
ing and nasal itching, and can also cause histopathological
changes in the nasal mucosa. In their study involving an
OVA-induced model of AR, Sakat et al. showed that OVA
successfully induced AR and caused a significant increase
in nasal symptom scores and in plasma immunoglobulin-E,
IL-4, IL-13, MDA and NO levels [10]. Similarly, Kilic et al.
also reported that OVA induced AR by causing increases in
nasal symptom scores and plasma immunoglobulin-E, IL-5,
IL-13, and TAS levels [11]. We also determined allergic
inflammation findings at histopathological examination in
this study, together with a significant increase in numbers
of nasal scratching and sneezing and an increase in plasma
Ig-E, IL-4 and IL-5 levels. Our purpose was to investigate
the protective effect of naringenin in the AR model we estab-
lished in clinical, histopathological and serological terms.

Naringenin (4,5,7-trihidroxyflavone) is an aglycone of
naringin and a natural flavanone generally found in citrus
fruits, and also in cherry and tomato. Naringenin is regarded
as harmless under the relative toxicity classification, and can
be well-tolerated with no toxic effects up to 100 mM. Its
health benefits, and disease prevention, pharmacological and
nutritional properties have recently attracted considerable
interest [22, 23]. Several previous studies have investigated
the effects of naringenin.

Kocak et al. investigated the protective role of naringenin
in a gentamycin-induced ototoxicity model. They adminis-
tered 120 mg/kg gentamycin intraperitoneally and 50 mg/kg
naringenin orally for 14 days. Audiological, biochemical and
histopathological examinations revealed that simultaneous
naringenin administration restricted the ototoxic effects of
gentamycin [24].

Zhang et al. investigated the effects of naringenin in 95
patients with osteosarcoma. They showed that naringenin
reduced the progression and recurrence of the disease in
osteosarcoma patients by increasing antioxidant capacity and
glutathione and superoxide dismutase levels and reducing
those of IL1 and IL6 [25].

In a study from 2017, Manchope et al. reported that nar-
ingenin exhibited analgesic, anti-inflammatory and oxidant
properties [26]. Another study showed that in addition to
maintaining its anti-inflammatory potency, heated narin-
genin significantly increased the anti-inflammatory effec-
tiveness of spleen cells and the cytotoxic activity of natu-
ral killer (NK) cells and reduced T cell cytotoxicity [27].
A separate study reported that naringenin exhibited NF-xB
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inhibition with anti-inflammatory and anti-arthritic effects
in an experimentally induced AR model in rats [28].

While numerous studies have investigated all these
effects of naringenin for many years, there has also
recently been a limited number of studies of its antial-
lergic properties.

Shi et al. investigated the effects of naringenin in an
OVA-induced asthma model in mice. They reported that
naringenin administered at 100 mg/kg via the intraperitoneal
route exhibited a protective role, by significantly reducing
airway hypersensitivity, lowering serum total IgE and 1L4
and IL13 levels during bronchoalveolar lavage, and enhanc-
ing the increased effect of NF-xB that triggers allergic
inflammation [29]. In support of these studies, other research
by the same author and team investigated the effect of nar-
ingenin on potential structural changes in an OVA-induced
model of asthma. They concluded that naringenin provides
protection at the cellular level and reduces fibrosis formation
[30]. Iwamura et al. showed that naringenin reduced airway
hypersensitivity, produced a significant fall in leukocyte
and eosinophil numbers in bronchoalveolar lavage (BAL),
reduced pulmonary mononuclear inflammatory cell num-
bers and mucus hypersecretion at histological examination,
and lowered concentrations of TH2 type cytokines released
from CD4 T cells, such as IL4, IL5 and IL13 in mice with
OVA-induced allergic airway inflammation [31]. We also
determined significantly lower IL-4 and IL-5 levels in the
naringenin group in the present study.

In their cell culture study, Moon et al. showed that narin-
genin significantly reduced thymic stromal lymphopoietin
(TSLP) that plays a significant role in allergic diseases by
inhibiting NF-kB, caspase 1 and receptor-interacting protein
2 [32]. Another study investigated the protective property of
naringenin against the effects of TSLP in human mast cell
line (HMC-1) cell culture and reported a protective effect
against mast cell-mediated allergy formation through the
reduction of mRNA expressions of IL13, TNF-«a, TSLP
receptor and IL7 receptor o [33].

In the present study, we observed a marked recovery in
nasal symptom scores in the group treated with naringenin.
At biochemical analysis, serum total IgE and the TH2 type
cytokines IL4 and IL5 in the group treated with naringenin
were lower than in the group receiving OVA. Histopatholog-
ical analysis revealed that findings in the group with OVA-
induced AR such as desquamation in the nasal epithelium
in the nasal mucosa, erosion, eosinophilic cell infiltration,
severe edema in the submucosa, dilatation in vessels, and
severe congestion all recovered significantly in the group
treated with naringenin. Naringenin appears to be as effec-
tive against AR as desloratadine. We therefore think that
naringenin by itself may be effective in the treatment of AR.
Further human studies are now needed for naringenin to be
used in the clinical setting.

There are a number of limitations to this study. First,
only a single dose of naringenin was employed. The use
of different doses would make it possible to investigate its
efficacy in a dose-dependent manner. Second, the addition
of steroids and leukotriene antagonists, other medications
with proven effectiveness against allergic diseases, would
be useful in terms of comparing the effects of naringenin.
Finally, immunohistochemical analysis might have enhanced
the significance of this study.

Conclusion

This study investigated, for the first time in the literature, the
protective effect of naringenin in an OVA-induced AR model
using clinical, biochemical and histopathological methods.
We determined that use of naringenin resulted in significant
benefits against the clinical symptoms of AR, as well as
significant biochemical and histopathological recovery. In
the light of the current findings, we think that naringenin is
a promising, potentially useful substance in the treatment
of AR.
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