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allergic rhinitis; Allergic rhinitis (AR) is a chronic, non-infectious inflammatory condition of the nasal mucosa

isoorientin; mediated by IgE. There is a need for the development of novel medications to treat this

NF-kB pathway; ailment. Isoorientin is a naturally occurring flavonoid that possesses antioxidant, anti-

natural therapeutic inflammatory, and various other advantageous characteristics. However, its potential effects
agent; on AR remain unclear. This study evaluates the therapeutic effects of isoorientin on ovalbumin

Th1/Th2 balance (OVA)-induced allergic rhinitis (AR) in mice and explores the underlying mechanism. Our study

revealed that isoorientin administration effectively decreased the frequency of nose rubbing
and sneezing in AR mice. The groups treated with isoorientin showed a significant decrease in
serum levels of IgE and histamine, with reductions of 40% and 30%, respectively. Isoorientin
ameliorated inflammation of the nasal mucosa and restored the Th1/Th2 balance. In addi-
tion, isoorientin inhibited the activation of the NF-kB pathway in nasal tissues. In summary,
Isoorientin alleviates OVA-stimulated AR in mice by restoring Th1/Th2 balance and blocking
the NF-kB pathway. Thus, isoorientin exhibits promise as a natural therapeutic agent for aller-
gic rhinitis.

© 2024 Codon Publications. Published by Codon Publications.

Introduction systemic steroids are not recommended as maintenance
therapy for AR due to potential side effects and the risk
Allergic rhinitis (AR) is a chronic, non-infectious inflamma- of symptom relapse upon discontinuation.®> AR affects an

tory condition of the nasal mucosa mediated by IgE.! This estimated 8.7-24.1% of the population in China." Current ther-
condition is triggered in genetically predisposed individuals apeutic approaches for allergic rhinitis (AR) mostly consist
upon exposure to allergens.? It is important to note that of corticosteroids and antihistamines.* While corticosteroids
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are highly effective for most individuals, their prolonged
usage at high dosages is restricted due to systemic side
effects.* Moreover, corticosteroids do not cure AR, as symp-
toms often relapse upon discontinuation.® Antihistamines
can alleviate sneezing, itching, and rhinorrhea but are less
effective for nasal congestion.? In addition, anticholinergic
side effects such as fatigue, as well as depression, are asso-
ciated with various antihistamine treatments.® For these
reasons, there is a practical need to develop new AR treat-
ment strategies derived from safe natural products.

The imbalance between T-helper type 1 (Th1) and
T-helper type 2 (Th2) cells is considered a major regulator
of immunoglobulin E (IgE)-mediated allergic inflammation.*
Antigen-presenting cells present allergen to T lympho-
cytes when individuals are exposed to specific concen-
trations of allergens in the environment for an extended
period.? These T cells release cytokines that stimulate B
cells to differentiate into cells, ultimately promoting the
production of IgE while blocking the Th1 response.” When
IgE antibodies bind to receptors on mast cells, they cause
the release of inflammatory cytokine, thereby stimulating
a Th2 response.” AR is characterized by an increase in Th2
cells and a decrease in Th1 cells.

Allergen immunotherapy (AIT) is an essential therapeu-
tic option for allergic rhinitis (AR), especially for patients
who do not have a sufficient response to traditional thera-
pies or want to decrease their long-term medication usage.
AIT is used in conjunction with pharmacotherapy to provide
comprehensive treatment for AR. Allergen immunotherapy
(AIT) is a treatment that involves gradually increasing the
doses of the specific allergen to develop tolerance. It has
been proven to alter the underlying process of allergic dis-
ease. This therapy offers extended relief and is the sole
therapeutic method capable of modifying the inherent pro-
gression of AR.

Isoorientin is a naturally-occurring flavonoid found in
several plants, including bamboo leaves, hawthorn, black
buckwheat, and passionflower. It is classified as a luteo-
lin 6-C-B-D-glucoside.?® It possesses multiple biological
potencies, including anti-inflammatory and antibacterial
effects.’®" Studies have indicated that isoorientin might
provide therapeutic benefits for allergic airway diseases.?
The underlying mechanisms are associated with a reduc-
tion in Th2 cytokines, activation of the Nrf2/HO-1 path-
way, and attenuation of the NF-kB pathway." Nevertheless,
the impact and underlying processes of isoorientin on AR
are not yet well understood.

This study investigates the potential therapeutic effects
of isoorientin on OVA-stimulated AR in C57BL/6 mice. The
findings of this research could provide a basis for develop-
ing new treatment strategies for AR using naturally occur-
ring compounds.

Materials and Methods
Materials
Animals

C57BL/6 mice (1820 g, 68 weeks old) were purchased
from Vital River. All animal experiments were conducted

following the guidelines of the Ethics Committee of Taizhou
Hospital of traditional Chinese Medicine. A total of 40 mice
were used in this experiment. Mice were randomly divided
into four groups with 10 mice in each group: Control, OVA,
OVA+ISO (25 mg/kg), and OVA+ISO (50 mg/kg). At the end
of the experiment, mice were euthanized by CO: inhalation
followed by cervical dislocation to ensure death.

Animal model and treatment

Mice were sensitized with an injection of 100 pL saline
containing 50 pg OVA (Sigma-Aldrich, Cat# A5503) and 2
mg aluminum hydroxide (Thermo Fisher, Cat# 77161) on
days 0, 7, and 14. From days 21 to 28, mice received daily
administration of 20 pL saline containing 400 pug OVA. The
groups were as follows: (i) control group (CON): mice in this
group were injected with 100 pL saline without OVA and
did not receive any isoorientin treatment. (ii) OVA group
(OVA): mice in this group were injected with 100 pL saline
containing 50 pg OVA and 2 mg aluminum hydroxide on
days 0, 7, and 14. From days 21 to 28, they received daily
administration of 20 pL saline containing 400 pg OVA but
no isoorientin treatment. (iii) OVA+ISO 25 group (OVA+ISO
25): Mice in this group were injected with 100 pL saline
containing 50 pg OVA and 2 mg aluminum hydroxide on
days 0, 7, and 14. From days 21 to 28, they received a daily
administration of 20 pL saline containing 400 pg OVA. In
addition, they received isoorientin (Sigma-Aldrich, Cat#
19891) at a dose of 25 mg/kg orally from days 21 to 28. (iv)
OVA+ISO 50 group (OVA + ISO 50): Mice in this group were
injected with 100 pL saline containing 50 pg OVA and 2 mg
aluminum hydroxide on days 0, 7, and 14. From days 21 to
28, they received daily administration of 20 pL saline con-
taining 400 pg OVA. In addition, they received isoorientin
(Sigma-Aldrich, Cat# 19891) at a dose of 50 mg/kg orally
from days 21 to 28.

Methods
Evaluation of nasal symptoms

The number of sneezes and nasal rubbings was recorded
over a period of 10 min following the last OVA challenge.
Sneezes were counted by direct observation, and nasal
rubbings were counted by observing how frequently the
mice rubbed their noses against the cage walls.

Histopathological analysis

Nasal tissues were fixed in 10% formalin (Sigma-Aldrich,
Cat# HT501128) for 24 h. Sections were deparaffinized
in three changes of xylene (5 min each), and rehydrated
through a series of graded alcohols (100%, 95%, 70%,
and 50% for 2 min each), followed by rinsing in distilled
water (2 min). Sections were stained with hematoxylin
solution (Sigma-Aldrich, Cat# MHS16) for 5 min, rinsed in
running tap water for 5 min, differentiated by dipping in
0.3% acid alcohol (1% HCl in 70% ethanol) for a few sec-
onds, and rinsed again in running tap water for 5 min.
Bluing was carried out by immersing the sections in 0.2%
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ammonia water or saturated lithium carbonate solution for
1 min, followed by rinsing in running tap water for 5 min.
Sections were then stained with eosin Y solution (Sigma-
Aldrich, Cat# HT110216) for 2 min, briefly rinsed in distilled
water to remove excess stain, dehydrated through a series
of graded alcohols (50%, 70%, 95%, and 100%) for 2 min
each, and cleared in three changes of xylene (5 min each),
and mounted with a coverslip using a resinous mounting
medium.

Measurement of serum inflammatory markers

Serum was collected from mice by cardiac puncture under
anesthesia. Blood was allowed to clot at room tempera-
ture for 30 min and then centrifuged at 2000xg for 10 min
to separate the serum. The serum was carefully collected
and stored at -80°C until analysis. Histamine levels were
measured using a histamine ELISA kit (Thermo Fisher, Cat#
EIASY141). OVA-specific IgE levels were measured using
an OVA-specific IgE ELISA kit (Abcam, Cat# ab157718). All
assays were performed according to the manufacturer’s
instructions, and absorbance was read at 450 nm using a
microplate reader (BioTek, Cat# ELx808).

Cytokine analysis

Nasal lavage fluid was collected by gently flushing the nasal
cavity with 1 mL of saline using a pipette. The lavage fluid
was then centrifuged at 1500xg for 10 min at 4°C to remove
cellular debris, and the supernatant was collected and
stored at -80°C until analysis. Cytokine levels (including
IL-4, IL-5, IL-13, TNF-a, IL-6, and IFN-y were measured using
ELISA kits (Abcam, Cat# ab46034 for IL-4, ab100689 for
IL-5, ab100716 for IL-13, ab100747 for TNF-a, ab46027 for
IL-6, and ab100689 for IFN-y). Each sample was analyzed in
duplicate, and the assays were performed according to the
manufacturer’s protocols. The absorbance was read at 450
nm using a microplate reader (BioTek, Cat# ELx808).

Immunoblot analysis

Nasal tissues were homogenized in RIPA buffer containing
protease and phosphatase inhibitors (Thermo Fisher, Cat#
78440). Protein was separated by SDS-PAGE and trans-
ferred to PVDF membranes. Membranes were blocked with
5% non-fat milk and incubated overnight at 4°C with anti-
bodies: p-p65 (Abcam, Cat# ab76302), p65 (Abcam, Cat#
ab32536), p-lkBa (Abcam, Cat# ab133462), IkBa (Abcam,
Cat# ab32518), and B-actin (Abcam, Cat# ab8226). After
washing, membranes were incubated with HRP-conjugated
secondary antibody (Abcam, Cat# ab6721) for 1 h. Bands
were visualized using ECL detection reagent (Beyotime)
and quantified by ImageJ.

Statistical analysis

Data were organized and analyzed using GraphPad Prism
version 8.0 (GraphPad Software, San Diego, CA, USA). All

results are presented as meantstandard deviation (SD).
For comparisons between multiple groups, one-way ANOVA
followed by Tukey’s post hoc test was used to determine
statistical significance. In cases where non-parametric data
were encountered during statistical analysis, non-paramet-
ric tests were employed. Specifically, the Kruskal-Wallis
test followed by Dunn’s post hoc test was used for multiple
group comparisons, and the Mann-Whitney U test was used
for comparisons between two groups. All statistical tests
were two-sided, and a p-value of less than 0.05 was consid-
ered statistically significant.

Results

Isoorientin alleviates nasal symptoms and
reduces IgG releasing in OVA-stimulated
AR in mice

To investigate the effects of isoorientin on nasal symptoms
and inflammatory markers in AR, the OVA-stimulated mice
model was constructed. In the OVA group, the number of
sneezes was significantly higher. Treatment with isoorientin
at doses of 25 and 50 mg/kg reduced the number of sneezes
(Figure 1A). Similarly, the number of nasal rubbings was
higher in the OVA group, while treatment with isoorientin
at both doses reduced the nasal rubbing frequency (Figure
1B). Furthermore, the OVA group exhibited increased levels
of histamine in the serum. Administration of Isoorientin at
doses of 25 and 50 mg/kg resulted in a reduction in hista-
mine levels (Figure 1C). Additionally, OVA-specific IgE levels
were higher in the OVA group. Treatment with Isoorientin
at both doses decreased the IgE levels (Figure 1D). Thus,
Isoorientin mitigated nasal symptoms and decreased the
release of IgG in mice with OVA-stimulated allergic rhinitis.

Isoorientin ameliorates histopathological changes
in the nasal mucosa of OVA-stimulated AR mice

Next, we examined the effects of Isoorientin on histopatho-
logical changes in the nasal mucosa of OVA-stimulated mice
using H&E staining. Histopathological analysis showed that in
the control group, the nasal mucosa displayed a normal his-
tological structure with mucosal thickness and immune cell
infiltration (Figure 2). It indicates a thin epithelial layer and
minimal immune cell infiltration in the nasal mucosa of the
control group. In the OVA group, there was significant inflam-
matory cell infiltration and epithelial disruption (Figure 2).
Treatment with isoorientin at doses of 25 and 50 mg/kg
reduced inflammatory cell infiltration as well as improved
epithelial structure compared to the OVA group (Figure 2). In
summary, isoorientin ameliorated histopathological changes
in the nasal mucosa of OVA-stimulated AR mice.

Isoorientin modulates cytokine levels in the nasal
lavage fluid of OVA-stimulated allergic rhinitis
mice

The effects of Isoorientin on the inflammatory response
of OVA-stimulated mice were assessed through ELISA.
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Figure 1 Isoorientin alleviates nasal symptoms and reduces IgE release in OVA-stimulated allergic rhinitis in mice. (A) Number of
sneezes recorded in different groups: Control, OVA, OVA+ISO (25 mg/kg), and OVA+ISO (50 mg/kg). (B) Number of nasal rubbings
recorded in different groups, showing a significant decrease in nasal rubbing frequency in the OVA+ISO (25 mg/kg) and OVA+ISO
(50 mg/kg) groups compared to the OVA group. (C) Serum histamine levels (ng/mL) measured in different groups, illustrating reduced
histamine levels in OVA+ISO (25 mg/kg) and OVA+ISO (50 mg/kg) groups compared to the OVA group. (D) OVA-specific IgE levels
(ng/mL) in the serum of different groups, indicating a decrease in IgE levels in the OVA+ISO (25 mg/kg) and OVA+ISO (50 mg/kg)
groups compared to the OVA group. Data are presented as mean + standard deviation (SD). Statistical significance is indicated as
follows: ***p < 0.001. OVA, ovalbumin; ISO, isoorientin; IgE, immunoglobulin E; SD, standard deviation.

Control OVA OVA+ISO(25mg/kg) OVA+ISO(50mg/kg)

Figure 2 Isoorientin ameliorates histopathological changes in the nasal mucosa of OVA-stimulated allergic rhinitis mice. H&E
staining showed histopathological changes in nasal mucosa sections from different experimental groups, including Control, OVA,
OVA+ISO (25 mg/kg), and OVA+ISO (50 mg/kg). Scale bar, 100 pm. H&E, hematoxylin and eosin; OVA, ovalbumin; ISO, isoorientin.

Compared to the control group, the OVA group showed
increased levels of IL-4, IL-5, IL-13, TNF-a, and IL-6, and
decreased levels of IFN-y, suggesting the promotion of
inflammatory response (Figure 3). Treatment with isoori-
entin had an opposite result, suggesting suppression of
the inflammatory response (Figure 3). Thus, isoorientin
modulated cytokine levels in the nasal lavage fluid of OVA-
stimulated AR mice.

Isoorientin inhibits the NF-kB pathway in OVA-
stimulated AR mice

We further investigated the possible mechanism underlying
Isoorientin suppressing AR progression in mice. Immunoblot
showed that the OVA group had increased levels of p-p65
and p-lkBa, along with decreased levels of IkBa (Figure 4).
However, treatment with isoorientin reduced p-p65 and
p-IkBa levels and increased IkBa levels, demonstrating an
inhibition of the NF-kB pathway (Figure 4). Thus, isoorien-
tin blocked the NF-kB pathway in OVA-stimulated AR mice.

Discussion
Isoorientin, a naturally occurring flavonoid found in sev-

eral plants such as bamboo leaves and hawthorn, possesses
multiple biological activities." Previous studies have

highlighted its therapeutic potential in various diseases,
particularly allergic respiratory conditions such asthma."
The mechanisms underlying these effects involve the
reduction of Th2 cytokines, activation of the Nrf2/HO-1
pathway, and inhibition of the NF-kB signaling pathway."
Our research extends these findings to AR, demonstrating
that isoorientin can effectively mitigate allergic symptoms
and inflammation in an AR model. The objective of our
study is to rectify the Th1/Th2 equilibrium and establish
a foundation for the development of novel treatments for
allergic rhinitis.

Isoorientin  significantly decreased inflammatory
markers and alleviated nasal symptoms in mice with
OVA-stimulated allergic rhinitis (AR), according to our
findings. In addition, treatment with isoorientin resulted
in a decrease in the occurrence of sneezing and nose
rubbing, a reduction in the levels of IgE and histamine in
the blood, improvement in the inflammation of the nasal
mucosa, and restoration of the balance between Th1 and
Th2 immune responses. Additionally, isoorientin inhibited
the activation of the NF-kB pathway in nasal tissues. AR
is triggered in genetically predisposed individuals upon
exposure to environmental allergens.*® The prevalence of
AR has been rising globally, affecting a significant portion
of people worldwide and leading to substantial healthcare
challenges."® Existing therapies, such as corticosteroids
and antihistamines, are constrained by drawbacks such
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Figure 3 Isoorientin modulates cytokine levels in the nasal lavage fluid of OVA-stimulated allergic rhinitis mice. The levels of
IL-4, IL-5, IL-13, TNF-q, IL-6, and IFN-y were measured through ELISA in the nasal lavage fluid of Control, OVA, OVA+ISO (25 mg/
kg), and OVA+ISO (50 mg/kg) groups. Data are presented as meantstandard deviation (SD). Statistical significance is indicated
as follows: ***p < 0.001. OVA, ovalbumin; ISO, isoorientin; IL, interleukin; TNF-a, tumor necrosis factor-alpha; IFN-y, interferon-
gamma; ELISA, enzyme-linked immunosorbent assay; SD, standard deviation.
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Figure 4 Isoorientin inhibits the NF-kB signaling pathway in OVA-stimulated allergic rhinitis mice. The protein levels of
phosphorylated p65 (p-p65), total p65, phosphorylated IkBa (p-IkBa), and total IkBa were analyzed in the Control, OVA, OVA +
ISO (25 mg/kg), and OVA + ISO (50 mg/kg) groups. B-actin was used as a loading control. Quantification of the Immunoblot bands
is presented in bar graphs for p-p65/p65, p-IkBa/B-actin, and IkBa/B-actin ratios. Data are presented as meantstandard deviation
(SD). Statistical significance is indicated as follows: ***p < 0.001. NF-kB, nuclear factor kappa B; OVA, ovalbumin; ISO, isoorientin;
IkBa, inhibitor of kappa B alpha; SD, standard deviation.

as adverse effects and the recurrence of symptoms after
cessation."”

The disparity between Th1 and Th2 cells plays a crucial
role in IgE-mediated allergic inflammation.”® In AR, there
is a notable increase in the population of Th2 cells and a

corresponding reduction in the number of Th1 cells.” This
imbalance leads to an excessive production of IgE and sub-
sequent allergic responses.” Our study demonstrated that
isoorientin could restore the Th1/Th2 balance in OVA-
stimulated AR mice. This restoration was evidenced by
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increased levels of Th1 cytokines and decreased levels of
Th2 cytokines, suggesting that targeting Th1/Th2 balance
could be a viable therapeutic strategy for AR.

Inflammation plays a pivotal role in AR.2%' |soorientin’s
anti-inflammatory properties are well-documented, and
our study further elucidates its effects in AR.?? Qur obser-
vation revealed that isoorientin effectively decreased nasal
symptoms, such as nose rubbing and sneezing, in mice with
allergic rhinitis. In addition, it reduced the concentration
of IgE in the blood serum and the amount of histamine in
the plasma. Histopathological analysis revealed that isoori-
entin ameliorated nasal mucosa inflammation, suggesting
its potent anti-inflammatory effects. These results further
highlight the potential of isoorientin as a natural anti-in-
flammatory agent for AR treatment.

The NF-kB pathway is vital in mediating immune
responses.? In AR, NF-kB activation contributes to inflamma-
tory processes and Th1/Th2 imbalance.? Our study showed
that isoorientin inhibited the activation of the NF-kB path-
way in nasal tissues of AR mice. This inhibition was indicated
by decreased levels of p-p65 and p-IkBa, and increased levels
of IkBa. By modulating the NF-kB pathway, isoorientin aided
in restoring the Th1/Th2 balance and reduced inflammation,
highlighting its therapeutic potential in managing AR.

Despite the promising results, our study has some lim-
itations. The exact molecular mechanisms by which isoori-
entin exerts its effects in AR need further elucidation. In
addition, our study was conducted in a murine model, and
the findings need to be validated in human subjects. Future
studies could focus on understanding the detailed mech-
anisms of isoorientin action and conducting clinical trials
to confirm its efficacy and safety in humans. Investigating
the long-term effects of isoorientin treatment on AR and
exploring its potential synergistic effects with other AR
treatments are also essential areas for future studies.

In conclusion, our study demonstrates that isoorientin
significantly alleviates OVA-stimulated allergic rhinitis (AR)
in mice by reducing nasal symptoms and inflammation,
as well as by modulating Th1/Th2-related cytokines and
inhibiting the NF-kB pathway. While these results suggest
potential mechanisms, they do not conclusively establish
that isoorientin ameliorates AR solely through the Th1/Th2
balance and NF-kB pathway. Further studies are needed to
fully elucidate the exact molecular mechanisms and con-
firm these findings in human subjects.
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