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ABSTRACT
Background: Allergic rhinitis (AR) is an allergic ailment of the
immune-inflammatory  system  affecting people’s daily lives.

Scutellarin (SCU) is known for its inhibitory potential against GATA
binding protein 3 (GATA3), an important mediator of AR. Aim: To
determine the effect of SCU against AR induced by Ovalbumin (OVA) in
the experimental animal. Materials and Methods: Mice (BALB/c strain)
were induced with AR by sensitizing them with OVA (for consecutively
13 days) followed by the intranasal challenge (on day 21). They were
simultaneously treated with either vehicle or montelukast (10 mg/kg) or
SCU (50, 100, and 200 mg/kg). Results: Administration of SCU (100 and
200 mg/kg) markedly (P < 0.05) inhibited elevated nasal rubbing, sneezing,
and nasal discharge, OVA-specific and, total immunoglobulin (Ig) E,
IgG1 in serum, total and differential cell count, interleukins (ILs) levels
in nasal lavage fluid. The up-regulated GATA3 and p-signal transducer
and activator of transcription-6 (STAT6) expression of mRNA in the
spleen were effectively (P < 0.05) reduced by SCU. Additionally,
SCU effectively (P < 0.05) reduced OVA-induced alteration in nasal
histopathology. Conclusion: SCU demonstrated an antiallergic effect
against OVA-induced AR in experimental mice by inhibiting the GATA3/
p-STAT6 pathway, thus improving the Th1/Th2 imbalance.
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SUMMARY

e The current work evaluated the antiallergic potential of SCU against
OVA-induced AR in experimental mice. This study will contribute valuable
insights to the existing body of literature regarding the treatment of AR, and
be beneficial to both researchers and physicians alike. An array of biochemical
and molecular evidence was evaluated which showed that SCU might be
a new therapeutic approach for the management of AR. SCU exerts its
antiallergic potential against OVA-induced AR to ameliorate nasal symptoms.
SCU exerts its antiallergic potential against OVA-induced AR in experimental
mice by inhibiting the GATA3/p-STAT6 pathway, thus improving the Th1/Th2
imbalance.

Abbreviations used: AR: Allergic rhinitis; GATA: GATA binding protein

3 (i.e. Erythroid transcription factor); IFN-y: Interferon-gamma; Ig:

Immunoglobulin; ILs: Interleukins; MLT: Montelukast; NLF: Nasal Lavage

Fluid; OVA: Ovalbumin; STAT6: Signal Transducer and Activator of

Transcription-6; SCU: Scutellarin.

INTRODUCTION

Allergic rhinitis (AR) is a disorder mankind is primarily categorized by
nasal discharge, sneezing, redness, congestion, and lacrimation of the
eyes with loss of taste and smell due to inflammation of the inner lining
of nasal mucosal membranes.!"” AR is the fifth most common chronic
disease, affecting about 10-30% of adults and 40% of children globally.™
According to the National Bureau of Statistics of China, approximately
1.37 billion people in China were suffering from AR by 2014.01 AR
predominantly worsens QoL (quality of life) resulting in productivity
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loss and impaired social life. Additionally, studies estimated that the total
societal cost for the management of AR in China is $17.49 billion per
year,!" establishing that AR is associated with a significant humanistic
and economic burden.

Epidemiological studies suggested that an interaction between
environmental conditions and genetic factors plays a vital role
in developing AR.!"*¢ Furthermore, chronic exposure to various
indoor and outdoor allergens including pollens, dust mites, molds,
and cockroaches induces an immune-inflammatory response in
nasal mucosa via activation of immunoglobulin E (IgE) leading to
activation of inflammatory cells.®”® This vicious cycle results in
allergen-dependent type-2 T helper (Th2) cell activation, which
induces overproduction of Th2 cytokines in the nasal mucosa.>”
Clinically, AR patients with elevated levels of Th2 cytokines have
been linked with symptoms such as watery nose, sneezing, rubbing,
lacrimation, and venous sinusoids.”!! In addition, numerous
evidence have suggested that elevated production of IgE causes
activation of mast cells through binding of IgE to FceRI (high-affinity
immunoglobulin Fc epsilon receptor I) present on a mast cell
surface."’? This interaction causes mast cell degranulation,
releasing various allergic mediators such as histamine, chemokines,
cytokines, prostaglandins, leukotrienes, P-hexosaminidase, and
adhesion molecules."” These mediators are further implicated in
the maintenance of allergic inflammatory reactions in the nasal
mucosa. Thus, the counterbalance of Thl and Th2 cells is an
important strategy to mitigate the allergic response.*!4

Classical therapeutic modalities for the management of AR
include antihistamines, anticholinergic, mast cell stabilizers,
anti-leukotriene, anti-allergen, nasal decongestants, and topical
corticosteroids.”’! However, these treatment regimens often fail to
regulate allergic reactions and have been associated with several
degrees of adverse reactions, including drying the mucous membrane,
blurring of vision, urinary retention, constipation, sedation, and
tachycardia.l” Subsequently, evaluation of effective and safe therapy is
urgently needed, and experimental animal models are a useful tool for
identifying such therapeutic options. Among various animal models,
Ovalbumin (OVA)-induced AR is an extensively used, inexpensive,
and well-recognized murine model of AR.”'*"7] Furthermore, systemic
OVA installation is consequently followed by its challenge intranasally
caused induction of IgE-mediated allergic airway disease, which
reflects characteristic features such as congestion, sneezing, and nasal
scratching, closely resembling clinical AR.1>16]

Traditional Chinese medicine contains a wide range of
herbal ~ moieties  comprising  various  phytoconstituents
that can interact with multi-target combinations
involved in the pathogenesis of allergic reactions.!'s2!

Scutellarin (SCU) (4,5,6-trihydroxyflavone-7-glucuronide) is one
such phytoconstituent available in several endemic Chinese plants,
including Erigeron breviscapus (Vant.), Scutellaria baicalensis,
Scutellaria barbata, and Scutellaria lateriflora. SCU has been
recognized for its pharmacological properties against various
diseases, including but not limited to cardiovascular, hypertension,
angina pectoris, cerebral ischemia, platelet aggregation,
hyperlipidemia, oxidative stress, cellular apoptosis, inflammation,
diabetes, nephrotoxicity, and neurotoxicity.?*?! Researchers have
reported a wide range of safety profiles of SCU (100 and 500 mg/kg,
for 28 days), where it did not produce any toxicity in experimental
animals.??l A study suggested that SCU exerts anti-inflammatory
potential through attenuation of pro-inflammatory cytokines, such
as interleukins (ILs) and tumor necrosis factor-alpha (TNF-a)
during lung injury.””! Furthermore, recent molecular network
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interaction studies have highlighted the inhibitory potential of SCU
against GATA binding protein 3 (GATA3) protein.!"! However, the
antiallergic potential of SCU has not been systematically studied
against AR. Thus, this study aimed to determine the effect of SCU
against AR induced by OVA in experimental mice.

MATERIALS AND METHODS
Study animals

BALB/cmice (18-22 g, male) were maintained in quarantine foraweekin
Yanan University animal house at conditions: 24 + 1°C (temperature),
45-55% (relative humidity), normal light/dark cycle, food (standard
chaw pellet), and water ad libitum. Yanan University animal ethical
committee approved (No. YAU-0722) all the experimental protocols.

Experimental protocol

Induction of AR was carried out as previously described.'” Briefly,
mice were sensitized on each alternative day starting from day 1 to 13
using OVA (50 mg, Grade V, Sigma-Aldrich Co., St Louis, MO, USA)
triturated in alumnium hydroxide (1000 mg, Sigma-Aldrich Co., St
Louis, MO, USA) in saline (500 ml). On day 14, mice were divided
randomly into groups (n = 18 mice/group) and treated orally with
either distilled water (10 mg/kg) or montelukast (MLT) (10 mg/kg,
Cipla Limited, Mumbai, India),"” or SCU (purity =95%, 50, 100 and
200mg/kg,p.o.),>**!Iforthenext7 days. A separategroup ofnon-sensitized
mice either received distilled water (10 mg/kg) or SCU (200 mg/kg)
orally for 7 days. The mice were challenged with OVA intranasally
on day 21 to record observations including sneezing, nasal rubbing,
and discharge. On day 24, animals were challenged with histamine
dihydrochloride and nasal symptoms were recorded for 10 min."" Rats
were anesthetized with ether for blood withdrawal and then rats were
sacrificed by cervical dislocation. Blood samples were analyzed for
hematological and biochemical parameters. Nasal lavage fluid (NLF)
was collected to determine total and differential cell count. The levels
of total IgGl, OVA-specific, and total IgE were determined in the
serum whereas levels of IL-4, IL-5, IL-17, and IFN-y were evaluated
in NLF using respective mouse ELISA quantitation kit (Bethyl
Laboratories Inc., Montgomery, TX, USA). The splenic mRNA levels
of GATA3  (up-stream: 5-TCATTAAGCCCAAGCGAAGG-3';
down-stream: 5-GTCATTGGCATTCCTC-3'; amplicon size: 327),
and p-STAT6 (up-stream: 5 -CTCTGTGGGGCCTAATTT CCA-3';
down-stream:  5-GCATCTGAACCGACCAGGAAC-3';  amplicon
size: 119) were evaluated using reverse transcriptase polymerase
chain reaction (RT-PCR) approach as per instructions provided by
the manufacturer (MP Biomedicals India Private Limited, India). The
histological analysis of nasal mucosa was evaluated using haematoxylin
and eosin (H and E). The intensity of histological aberrations in the nasal
tissue was graded as Grade 0 (not present or very slight); Grade 1 (mild);
Grade 2 (moderate); and Grade 3 (severe). GraphPad Prism 5.0 software
was used for statistical analyses to compare the difference between AR
control animals and drug-treated groups. Statistical significance was
achieved at P < 0.05.

RESULTS

Change in body weight and spleen weight

OVA-challenged mice showed a noticeable (P < 0.05) decrease in body
weight and relative spleen weight to body weight ratio in contrast
to normal and per se treated mice. However, treatment with MLT
significantly (P < 0.05) inhibited alterations induced in weight of the body,
and spleen weight to body weight ratio in contrast with AR control mice.
Similarly, SCU treatment (100 and 200 mg/kg) also significantly (P < 0.05)
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elevated the weight of the body, and decreased spleen weight to body
weight ratio as compared with AR control mice. Protection against
alterations induced in body weight and spleen weight to body weight
ratio post-OVA-challenge were more pronounced (P < 0.05) after MLT
administration compared with SCU treatment [Table 1].

Alterations in nasal symptoms

When compared with normal and per se treated mice, nasal
symptoms including nasal discharge, sneezing, and rubbing were
effectively (P < 0.05) elevated in AR control mice post-OVA-challenge.
However, MLT administration noticeably (P < 0.05) decreased nasal
symptoms in contrast to AR control mice. Additionally, alterations in
nasal symptoms post-OVA-challenge were prominently (P < 0.05)
reduced by SCU treatment (100 and 200 mg/kg) compared to AR control
mice. However, administration of MLT more notably (P < 0.05) reduced
nasal symptoms compared to SCU treatment [Table 1].

Nasal hypersensitivity induced post histamine
challenge

Histamine challenge induces hypersensitivity in mice reflected
by effectively (P < 0.05) increased nasal rubbing and sneezing
compared to normal and per se treated mice. However, MLT
treatment significantly (P < 0.05) reduced histamine-induced
nasal hypersensitivity in contrast to AR control mice. SCU
treatment (100 and 200 mg/kg) also effectively (P < 0.05) lessened
histamine-induced increased sneezing and nasal rubbing in
contrast to AR control mice. Additionally, MLT administration
more strikingly repressed (P < 0.05) histamine-induced nasal
hypersensitivity in contrast to SCU treatment [Table 1].

Alterations in BALF cell count

A noticeable (P < 0.05) increase in BALF cells (eosinophils,
neutrophils, lymphocytes, and macrophages) count was recorded
post-OVA-challenge as compared with normal and per se
treated mice. MLT treatment significantly (P < 0.05) decreased
OVA-challenge-induced increased cell count in BALF compared
to AR control mice. SCU treatment (100 and 200 mg/kg) also
notably (P < 0.05) inhibited OVA-challenge-induced increased cell
count in BALF in contrast to AR control mice. However, elevated
counts of eosinophils, neutrophils, lymphocytes, and macrophages in
BALF were more noticeably decreased (P < 0.05) post-administration
of MLT, confront to SCU treatment [Figure 1].

Alterations in serum IgE and IgGT1 levels

Compared to normal and per se treated mice, IgE and IgGl1 levels
were efficiently (P < 0.05) elevated in the serum of AR control mice.
Administration of MLT markedly (P < 0.05) reduced levels of serum
IgG1 and IgE, in contrast to AR control mice. SCU treatment (100 and
200 mg/kg) also showed an effective (P < 0.05) reduction in levels of
serum IgE and IgG1, confront to AR control mice. Administration of
MLT more effectively (P < 0.05) reduced levels of serum IgE and IgGl,
in contrast to SCU [Table 2].

Alterations in ILs and IFN-y levels in NLF

OVA-challenge caused a noticeable (P < 0.05) increase in ILs in
NLE whereas a decrease in IFN-y as compared to normal and per
se group. Compared to AR control mice, administration of MLT
noticeably (P < 0.05) ameliorated variations in levels of ILs and IFN-y
in NLF induced by the OVA-challenge. Treatment with SCU (100 and
200 mg/kg) also markedly (P < 0.05) reduced levels of ILs and increased
levels of IFN-y in NLE in contrast to AR control mice. However,
alterations induced in NLF ILs and IFN-y levels post-OVA-challenge

=53

23 2
8
~T
-
B

No. of cells in NALF (X 104Iml)

L Total cells

=za Normal wsm AR Control =3 MLT (10) SCU (50) =3 SCU (100) =3 SCU (200) & Perse

Figure 1: Effect of SCU treatment on OVA-induced alterations in total
and differential cell count in NFL in AR mice. Data were represented as
mean + SEM (n = 6) and analyzed by one-way ANOVA followed by Tukey’s
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 MLT with SCU.
Figures in parentheses indicate oral dose in mg/kg. AR: allergic rhinitis;
OVA: ovalbumin; MLT (10): montelukast (10 mg/kg) treated; SCU (50):
scutellarin (50 mg/kg) treated; SCU (100): scutellarin (100 mg/kg) treated;
SCU (200): scutellarin (200 mg/kg) treated

Table 1: Effect of SCU treatment on OVA-induced alterations in body weight, relative spleen weight, OVA-challenge-induced nasal rubbing, sneezing, and nasal
discharge, as well as histamine challenge-induced nasal rubbing and sneezing in AR mice

Parameters Treatment
Normal AR control MLT (10) SCU (50) SCU (100) SCU (200) Per se

Body weight (gm) on day 21 34.50+1.54 24.33t1.63* 29.17+1.74*° 22.50+1.36 24.67+1.33** 28.83+1.76*°  33.00+1.34
Spleen weight/body weight (mg/gm) (x10°) on day 21 ~ 3.24+0.12 5.55+0.37* 3.99+0.23%%  5.93+0.39  5.15+0.38*°  4.25+0.28** 3.38+0.15
OVA-challenge on day 21

Rubbing (number) 16.67+1.12  71.17+1.30°  24.00+1.03**  65.00+1.10  45.50+1.29%° 32.33+1.12*°  16.83+0.87

Sneezing (number) 10.00+0.37  40.00+0.89  14.33+0.71*°  38.17+0.70  32.00+0.52*° 22.17+0.79**  13.00+0.97

Discharge (score) 0.33+0.21 2.67+0.21% 0.67+0.21%° 2.83+0.17 2.00+0.26** 1.50+0.22%% 0.33+0.21
Histamine challenge on day 24

Rubbing (number) 16.83+1.20  69.17£1.05°  25.33+1.45%%  71.17+1.08 47.67+1.52*% 31.17+1.30*°  20.17+1.11

Sneezing (number) 9.83+1.20 53.00£1.37*  15.00+0.97*° 45.67+0.95 33.67+1.09** 20.83+1.47*°  14.83+0.87

Data were represented as mean+SEM (n=6). Data for body weight and relative spleen weight were analyzed by one-way analysis of variance (ANOVA) followed by
Tukey’s multiple range test, whereas data of OVA and histamine challenge number and score were analyzed by non-parametric Kruskal-Wallis test ANOVA followed
by Mann-Whitney’s multiple comparison tests. “P<0.05 as compared with normal group, *P<0.05 as compared with AR control group and *P<0.05 as compared
MLT with SCU. Figures in parentheses indicate oral dose in mg/kg. AR: allergic rhinitis; OVA: ovalbumin; MLT (10): montelukast (10 mg/kg) treated; SCU (50):
scutellarin (50 mg/kg) treated; SCU (100): scutellarin (100 mg/kg) treated; SCU (200): scutellarin (200 mg/kg) treated
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were more effectively inhibited by MLT treatment than SCU
treatment [Table 2].

Alterations in mRNA expressions of GATA3 and

p-STAT6 in the spleen

The mRNA expressions of GATA3 and p-STAT6 in the spleen were
markedly (P < 0.05) up-regulated in AR control mice post-challenge
with OVA, in contrast to normal and per se treated mice. However,
MLT and SCU treatment (100 and 200 mg/kg) effectively (P < 0.05)
down-regulated mRNA expressions of GATA3 and p-STAT6 in the
spleen, confront to AR control mice [Figure 2a and 2b].

Splenic GATA3 expression showed a positive correlation between
OVA-challenge-induced sneezing (R* = 0.8729) and OVA-specific

IgE (R* = 0.8868), depicting the importance of GATA3 expression during
AR [Figure 2c and 2d].

Alterations in nasal mucosa histopathology

Figures 3a and 3f depict well organized nasal mucosa architecture from
per se and normal mice. However, an intranasal challenge with OVA
caused noticeable (P < 0.05) infiltration of eosinophils which resulted
in hyperplasia, edema in AR control mice nasal mucosa. This causes a
disturbance of mucosal epithelium [Figure 3b] compared to normal and
per se treated mice. Conversely, MLT treatment effectively (P < 0.05)
ameliorated OVA-challenge-induced aberrations in nasal histology
compared to AR control mice [Figure 3c]. Similarly, SCU treatment (100
and 200 mg/kg) also noticeably (P < 0.05) reduced eosinophil infiltration,
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Figure 2: Effect of SCU treatment on OVA-induced alterations in spleen GATA3 (a) and p-STAT6 (b) mRNA expressions in AR mice. The plot depicts correlation
of GATA3 expression against OVA-challenge-induced nasal sneezing (c) and OVA-specific IgE (d) in AR mice. Data were represented as mean + SEM (n = 6)
and analyzed by one-way ANOVA followed by Tukey’s 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 MLT with SCU. Figures in parentheses indicate oral dose in mg/kg. AR: allergic rhinitis; OVA: ovalbumin; MLT (10):
montelukast (10 mg/kg) treated; SCU (50): scutellarin (50 mg/kg) treated; SCU (100): scutellarin (100 mg/kg) treated; SCU (200): scutellarin (200 mg/kg)
treated; GATA3: GATA binding protein 3; STAT6: signal transducer and activator of transcription-6

Table 2: Effect of SCU treatment on OVA-induced alterations in OVA-specific IgE, total IgE and IgG1 in serum, and IL-4, IL-5, IL-17, and IFN-y levels in NLF in AR

mice
Parameters Treatment
Normal AR control MLT (10) SCU (50) SCU (100) SCU (200) Per se

OVA-specific IgE (ng/ml) 11.80+2.30 55.51+1.87% 14.36+1.88*% 49.36+1.63 35.91+1.84*% 20.74+0.87*° 18.31£1.52
Total IgE (ng/ml) 109.00£6.03 407.60+6.22% 141.70+8.31*% 400.30+£10.17 323.30+8.06*° 223.50+£8.91*% 108.10+£9.43
Total IgG1 level (ng/ml) 0.308+0.018 0.658+0.032* 0.347+0.021*3 0.608+0.029 0.495+0.016** 0.443+0.013*% 0.317+0.021
IL-4 (pg/ml) 43.79+2.88 149.40+4.51% 61.44+4.63*% 138.20+5.12 116.20+4.81* 73.22+0.80*° 71.87£2.29
IL-5 (pg/ml) 40.30+3.24 89.57+3.31* 42.39+2.32*% 86.45+3.97 70.17+3.02%% 56.14+2.81*% 45.45+1.81
IL-17 (pg/ml) 1.70+0.42 38.17+0.91% 7.71+0.78*% 37.03+2.50 22.94+0.82*% 11.14+0.64*° 3.93+0.54
IFN-y (pg/ml) 72.08+3.83 38.58+4.67¢ 54.34+6.01*° 41.18+3.69 45.25+4.16 58.63+4.67**° 66.97+3.39
IL-4/IFN-y ratio 0.61+0.03 4.20+0.58% 1.21+0.16%* 3.51+0.36 2.68+0.26* 1.28+0.09** 1.090+0.07

Data were represented as mean+SEM (n=6) and analyzed by one-way ANOVA followed by Tukey’s 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 MLT with SCU. Figures in parentheses indicate oral dose in mg/kg. AR: allergic rhinitis;
OVA: ovalbumin; MLT (10): montelukast (10 mg/kg) treated; SCU (50): scutellarin (50 mg/kg) treated; SCU (100): scutellarin (100 mg/kg) treated; SCU (200):

scutellarin (200 mg/kg) treated; Ig: immunoglobulin; ILs: interleukins; IFN-y: interferon gamma; NLF: nasal lavage fluid.
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Figure 3: Effect of SCU treatment on OVA-induced alteration in nasal histopathology in AR mice. Photomicrograph of sections of nasal tissue from normal (a),
AR control (b), MLT (10 mg/kg) (c), SCU (100 mg/kg) (d), SCU (200 mg/kg) (e), and Per se (f) treated mice (H and E stain). The quantitative representation of
histological score (g). Data were expressed as mean + SEM (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 MLT with SCU. AR: allergic rhinitis; OVA:
ovalbumin; MLT (10): montelukast (10 mg/kg) treated; SCU (100): scutellarin (100 mg/kg) treated; SCU (200): scutellarin (200 mg/kg) treated mice

which further decreased hyperplasia, edema in the nasal mucosa, and
reduced disturbance of mucosal epithelium [Figure 3d, 3e and 3g].

DISCUSSION

AR is an immune-inflammatory system disorder affecting the daily lives
of numerous people.!"! Although AR is not a life-threatening disorder, its
increased prevalence is a leading cause of public health care concern.?
Several therapies have been developed to counteract allergic prophylaxis
however, most of them are either unable to regulate the allergic reaction
or produce resistance. Additionally, associated side effects and high
cost limit their clinical implication during AR. Previously, several
investigators have documented the antiallergic property of various
moieties of plant origin against seasonal rhinitis clinically."*?"*! In the
current study, the potential of SCU was determined against AR induced
in experimental mice. The findings of this investigation suggested
that SCU exerts its antiallergic potential via inhibition of the GATA3/
p-STAT6 pathway, thus improving the Th1/Th2 imbalance during
AR (Graphical Abstract).

Several researchers have reported that biphasic allergic reaction is
a hallmark of allergen-induced AR.'*! During early phases, the
interaction of allergen and IgE receptor cause activation of basophils
and mast cells.*” These immune-inflammatory cells cause a release of
various inflammatory mediators, including leukotrienes, prostaglandins,
histamine, and cytokines, which further contribute to the development
of various nasal symptoms, including sneezing, discharge, and
itching.®™" In the late-phase reaction, recruitment and accumulations
of basophils, eosinophils, and mast cells in the deeper lamina
propria result in an aggravated response of histamine, leukotrienes,
pro-inflammatory cytokines, and chemokines which further sustain
the allergic response.*” In the present murine models of IgE-mediated
allergic response, OVA sensitization followed by its nasal challenge
potentiated the immune response, reflected by the elevated recruitment
of eosinophils, neutrophils, lymphocytes, and macrophages in NLF of
AR control mice. However, SCU treatment ameliorated elevated levels of
differential cell count in NLE suggesting its anti-inflammatory potential.
The findings of the current study are by previous researchers where SCU
treatment showed its effectiveness via down-regulation of recruitment of
macrophages.'*® Additionally, histopathological evaluation of nasal tissue
from SCU-treated mice showed a significant reduction in inflammatory
infiltration into the nasal mucosa, providing further evidence of its
therapeutic ability.

Numerous researchers have documented that elevated IgE production
in response to environmental allergens is a characteristic feature
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of AR."1% IgE antibody is the vital mediator for allergic reactions,
formatted by stimulated allergen-specific B cells."'23!) The IgE level
increased due to the presence of allergens in the serum, which is
susceptible to stimulation.” IgE antibodies bind to IgE-specific
receptors known as FceRI, present on eosinophils, mast cells, and
basophils; thus, these cells are susceptible to stimulation by an
environmental allergen.” Furthermore, dominant modulators such as
Th2 cells and B cell proliferation produce eosinophils, IgE, and IgG1,
and pull enormous unite of inflammatory cell infiltrations in the
nasal tissue.** Thus, elevated Th2 cytokines are closely connected
with IgE-mediated immune reactions.”***! Patients with AR showed
elevated IgE and IgG levels, which are further linked with specific
symptoms of AR, including nasal congestion and discharge, redness,
sneezing, itching, and rhinorrhea.™!**! OVA-sensitized and challenged
mice also exhibit elevated levels of OVA-specific IgE levels in sera,
which further induces characteristic pathological symptoms of AR.
In agreement with a previous study, the present study also reported that
AR mice showed elevated IgE and IgG levels in serum, which in turn
showed allergen-specific nasal symptoms. However, the administration
of SCU significantly reduced the allergen-induced IgE and IgG levels,
which might play a vital role in attenuating nasal rubbing, sneezing, and
discharge post-OVA-challenge.

The important role of Th2 cytokines in developing allergic reactions
has been well supported by researchers.!'#'¢3 IL-4 has been
demonstrated as a mast cell chemoattractant and is responsible for
initiating allergic reactions via inhibition of Thl differentiation,
whereas IL-5 has recently been documented for amplifying
allergen-inducedlate-phase allergic response during the pathogenesis
of AR.!'2%53¢1 Furthermore, the severity of allergic response was
directly correlated with the elevated expressions of IL-17 in blood
and nasal mucosa samples in patients with AR.*”) Gu et al.?* (2017)
showed inhibition of elevated IL-17 response by administration of
anti-IL-17 antibody led to prominent suppression of Th2 response,
and thus allergic symptoms in AR mice. On the other hand, boosting
the Thl immune response through IFN-y activation is a promising
strategy for inhibiting allergic response.’****J IFN-y, a Th1 cytokine
secreted by natural killer cells, plays an important role in inhibiting
the switching of B cells to IgE production.!'? In the present study,
the Th2 cytokines levels were found to be elevated in NLF of AR
control mice. However, the administration of SCU activated the
production of IFN-y, which further suppressed increased levels of
ILs, suggesting the role of SCU in the regulation of IL-4/IFN-y ratio
during allergic responses.
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Induction of allergic response via a disproportion in response of Thl
and Th2 was further explained based on the elevated expression of
GATA3."#2 GATA3 is a member of the GATA family of transcription
factors that are effectively expressed in Th2 cells and induce Th2
differentiation via activation of STAT6.1***! Aggravated expression of
IL-4 causes phosphorylation of STAT6 via activation of Janus Kinase
1, resulting in STAT6 homodimer formation, followed by its nuclear
translocation.* Furthermore, STAT6 has been identified as an
important molecule in developing Th2-cell and class switching between
Ig and IgE in B cells.?**¥] Researchers have documented that STAT6
knockout mice failed to develop IgE-induced allergic response, and
expression of IL-4 was normal.?”! Furthermore, Akei et al.®! (2006)
reported that STAT6 knockout mice showed fewer frequencies of
sneezing induced by the intranasal challenge of fumigatus. The results of
our study also showed that OVA-induced allergic responses were linked
with up-regulated splenic GATA3 and p-STAT6 expression. Notably,
these expressions were significantly down-regulated following treatment
with SCU, suggesting its important role in regulating Th1/Th2 balance.
Recent molecular network interaction also supports the finding of the
present investigation where SCU showed prominent inhibitory potential
against GATA3 protein.!'®)

MLT, cysteinyl leukotrienes-1 receptor antagonists, is currently
approved as the first-line treatment for the management of AR.
Numerous investigators have well documented its antiallergic potential
during AR." However, post-marketing clinical surveillance analysis
suggested its possible association with several psychiatric side effects,
including aggression, hallucination, anxiousness, insomnia, depression,
restlessness, and irritability.”) Indeed, flavone from plant origin has
proven its antiallergic efficacy in patients with AR.["*?!l Additionally, a
plant containing SCU as a major phytoconstituents has already shown
beneficial effects in various clinical settings.?®! Thus, SCU can serve as
an important therapeutic moiety for further clinical development in the
treatment of AR.

CONCLUSION

The observations of the current investigation suggested that SCU inhibits
OVA-induced allergic reactions developed in experimental mice.
Furthermore, scutellarin exerted its antiallergic potential by suppressing
the activation of the GATA3/p-STAT6 pathway, thus improving the Th1/
Th2 imbalance during AR.
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