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Fructus Amomi Cardamomi (FA) is the mature fruit of Amomum villosum Lour (family Zin-
giberaceae) and is commonly used in Chinese traditional medicine to treat various gastroin-
testinal disorders. FA’s possible benefits as an allergic rhinitis (AR) treatment, however, have
not been examined. We used an ovalbumin (OVA)-induced AR mouse model to identify any
anti-allergic effects associated with the administration of 200 mg/kg FA or dexamethasone
(Dex) 2.5 mg/kg by oral administration. The results of our testing confirm that FA ameliorated
nasal symptoms and alleviated nasal epithelium swelling, reduced the goblet cell hyperpla-
sia and eosinophil cell infiltration in the nasal epithelium, and inhibited lung tissue inflam-
mation and Dex as well. Significantly decreased Th2 cytokine (interleukin (IL)-1β, IL-4, and
IL-5) expression, and a correspondingly significant increase in Th1 cytokine (IL-12, interferon
(IFN)-γ) production, was observed in nasal lavage fluid (NALF) taken from mice that received
FA or Dex treatment. FA also reduced the presence of OVA-specific immunoglobulin (Ig) E,
OVA-specific IgG1, and histamine levels in serum, and inhibited mast cell degranulation in
vitro. In addition, these effects were involved with the reduction in NF-κB phosphorylation.
These results suggest that FA restores Th1/Th2 balance and inhibits NF-κB phosphorylation
and mast cell degranulation, thereby achieving a notable anti-inflammatory effect. Accord-
ingly, it has the potential to be used as an efficacious therapeutic treatment for AR.

Introduction
Allergic rhinitis (AR) is a common inflammatory disorder of the nasal airways that is characterized by the
appearance of one or more symptoms, including nasal congestion, rhinorrhea, sneezing, nasal itching [1].
It frequently coincides with other allergic inflammatory diseases such as asthma, rhinosinusitis, allergic
conjunctivitis, and adenoid hypertrophy [2]. AR symptoms appear after exposure to allergens, and are
immunoglobulin (Ig) E-mediated hypersensitivity reactions [3]. Typical allergens that trigger AR include
dust, pollen, spores, and pet dander. T helper 1 (Th1) and Th2 cells both play a role in the pathogenesis
of allergic inflammatory diseases like asthma or AR [4]. The IgE-mediated response characterized by
a Th2-immunologic pattern with mast cells releases several mediators, chemokines, and cytokines that
recruit eosinophils and other components, that in turn contribute to inflammation [5]. Th2 cell is a key
factor in the development of AR, and Th2 lymphocytes may be a viable therapeutic target to treat the
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condition [5]. Mast cells are allergy cells responsible for immediate allergic reactions, triggering allergic symptoms by
releasing its mediators. Histamine is a typical mast cell mediator that may induce allergic symptoms such as itching,
sneezing, or a running nose [6]. The critical role of NF-κB signaling pathway in inflammatory progression was well
known to induce the expression of several pro-inflammatory genes in innate immune cell, regulate the differentiation
of inflammatory T-helper cells, and participate in inflammasome regulation [7].

A number of pharmacologic options exist to treat AR, including anti-histamines, corticosteroids, anti-cholinergic
agents, leukotriene inhibitors, and immunotherapy. By far, the most common treatment method is intranasal corticos-
teroids [8]. The long-term use of steroids, however, is associated with adverse effects, including intraocular pressure
elevation [9], nasal dryness, and disruptions to taste and smell [10]. There is a need, therefore, for new, safer, and
more economical alternative therapeutic agents to treat allergic disorders.

Natural products are widely used in the treatment of various chronic human pathological conditions. Fructus
amomi Cardamomi (FA)—the ripe fruit of Amomum villosum Lour of the family Zingiberaceae—has been shown
to attenuate mast cell activity and reduce TNF-α and interleukin (IL)-6 cytokine expression [11]. Its primary active
ingredient, essential oil, is often used to drive away damp, improve appetite, warm the spleen, stop diarrhea, prevent
spontaneous abortion, and have positive effect in gastric cancer [12]. To date, the anti-allergic effect of FA on rhinitis
has not been clear. Therefore, the present study aims to investigate the effect of FA on an OVA-induced rhinitis mouse
model.

Materials and methods
Animals
Seven-week-old male BALB/c male mice with bodyweight approximately 21–23 g and rats 8-week-old male ap-
proximately 250 g were provided by Damool Science (Daejeon, Korea). These mice and rats were maintained in
an air-conditioned, free OVA room (23–25◦C) with a 12-h light/dark cycle. All animal experiments were performed
at Department of Anatomy Jeonbuk National University Medical School and approved by the Institutional Animal
Care and Use Committee of Jeonbuk National University (JBNU 2021-0115, 27 July 2021).

FA ethanol extract preparation
The FA used in the present study was obtained from Kyeong-Dong Oriental Pharmacy Market (Seoul, Korea)
and identified by Professor Y. Bu, Department of Herbal Pharmacology, Kyung Hee University. FA ethanol extract
(KFRI-SL-2119, FA) was prepared by the Korea Food Research Institute (Jeollabuk-do, Korea). The FA was extracted
twice in 95% ethanol reflux, and the product was dried by a rotary evaporator. The dried FA powder was kept at 4◦C
until it was needed, and dissolved in saline prior to its use.

Sensitization and treatment
BALB/c mice aged 6 weeks were divided into four groups (n=6) at random: Group 1 (Naive group); Group 2 (Oval-
bumin (OVA) + saline group); Group 3 (OVA + FA 200 mg/kg group); Group 4 (OVA + dexamethasone (Dex)). To
develop an AR murine model, mice were injected intraperitoneally with 50 μg OVA (Sigma, St. Louis, MO, U.S.A.)
and 1 mg Imject Alum (Pierce, Rockford, IL, U.S.A.), which induced systemic sensitization in all but Group 1 (Figure
1). Between days 15 and 28, FA and Dex group mice received 200 μl FA (200 mg/kg) or Dex (2.5 mg/kg) by oral
gavage, while mice in the OVA groups received the same volume of saline. Between days 21 and 28, the mice in the
OVA, FA, and Dex groups were intranasally challenged with 20 μl of 10 mg/ml OVA solution injected into both nasal
cavities. Mice were lightly anesthetized by inhaling ether (Cat. 071118, Samchun, Korea) and killed by cervical dis-
location on day 28, 24 h after the last OVA challenge [13]. The mice were restrained on a cover of the mice cage, the
tail was grasped with one hand. The back of the neck was tightened at the base of the skull by a sturdy stick-type
pen. To produce the dislocation, quickly pushed forward and down with the hand while pulling backward with the
hand holding the tail base. When the spinal cord was severed, a 2–4 mm space was palpable between the occipital
condyles and the first cervical vertebra and there was no heartbeat. The rats used for rat peritoneal mast cell (RPMC)
experiment were also killed by the same process as the mice.

Measurement of nasal symptoms
Nasal symptoms, including rubbing and sneezing, occurring over a 20-min period were recorded, then counted by
blind observers on the last day on which the mice were challenged with OVA.

2 © 2022 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons Attribution
License 4.0 (CC BY).



Bioscience Reports (2022) 42 BSR20212681
https://doi.org/10.1042/BSR20212681

Figure 1. Effect of FA on nasal symptoms in the murine AR model

(A) Animal protocol. Mice were sensitized on days 0, 7, and 14; challenged between days 21 and 28. Mice in the OVA group were

sensitized and challenged by OVA. Mice in the FA or Dex treatment groups were sensitized and challenged by OVA and administered

200 mg/kg FA or 2.5 mg/kg Dex between days 15 and 28 once a day by oral gavage (200 μl). (B) Rubbing and (C) sneezing scores.

The values represent the mean +− S.E.M (n=6/group). Significant differences at *P<0.05 are compared with each group.

Serum and nasal lavage fluid collection
Mice were anesthetized with diethyl ether before scarification. Blood samples were harvested then centrifuged at
10000 rpm for 4◦C to obtain serum. Nasal lavage fluid (NALF) was collected via an 18-gauge catheter. The trachea
was partially resected, a catheter was inserted from the trachea and moved up and forward to the nasopharynx, and
the NALF was harvested after 1-ml saline was gently perfused through the nasal passages. The NALF was centrifuged
at 10000 rpm for 10 min at 4◦C. The supernatant was kept at –80◦C until for further analysis. The pellet was used to
identify differentiated cells in the NALF by a cytospin device (Centrifuge 5403, Eppendorf, Hamburg, Germany) at
1000 rpm for 10 min [13,14].

Histopathological analysis
Mice heads were fixed in 10% formalin for approximately 3 days at room temperature, then decalcified over 10 days
in Calci Clear-Rapid (National Diagnostics, Atlanta, GA, U.S.A.), which contained hydrochloric acid and EDTA. The
heads were continuously dehydrated by gradually increasing the concentration of ethanol and xylene and then embed-
ded in paraffin. Samples were sectioned in 4.5-μm segments. The head sections were stained with Hematoxylin–Eosin
(H&E) to evaluate overall inflammation. Periodic Acid–Schiff (PAS), Giemsa, and Toluidine Blue stain method was
used to detect goblet cells, eosinophils, and mast cells.

Histopathologic analysis of the lungs was performed through these same procedures (absent decalcification). The
paraffin section slides of the lung tissues were stained by H&E to observe general changes to morphology [15].
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Measurement of cytokine levels in NALF and Ig levels in serum
The levels of Th2 cytokines IL-4 and IL-5 in NALF, Th1 cytokines interferon (IFN)-γ and IL-12 in NALF, as well as
OVA-specific IgE, OVA-specific IgG, and histamine in serum, were measured by enzyme-linked immunosorbent as-
say (ELISA) kits (BD Biosciences, San Diego, CA, U.S.A. and R&D Systems Inc., Minneapolis, MN, U.S.A.) consistent
with the manufacturers instructions.

Determination of NF-κB signaling pathway-related proteins by Western
blot
The appropriate amount of lung tissue was weighed, and protein was extracted by RIPA buffer and a phosphatase
inhibitor (100:1). The supernatant was centrifuged (4◦C, 5000 rpm, 10 min), and the protein concentration was mea-
sured by BSA standard with Bradford dye (Bio-Rad Laboratories, Inc, U.S.A.). The samples were loaded on SDS/PAGE
then transferred to a PVDF membrane, and block with 5% skim milk for approximately 1 h. The membrane was in-
cubated with primary antibody overnight at 4◦C by an orbital shaker. Then the membrane was washed with TBST
then incubated with secondary antibody for 1 h at room temperature. The blot was detected by a detection solution.

RPMC degranulation
RPMCs were harvested as described previously. In brief, rats were anesthetized by ether then injected with 10 ml
of saline into the peritoneal cavity. The peritoneal cavity was opened, 50 ml saline was added, then the cavity was
massaged gently (without touching the liver). The fluid was aspirated to another tube using a Pasteur pipette, then
centrifuged at 1000 rpm for 10 min at 4◦C. The supernatant was discarded, and the RPMCs were resuspended in
HEPES (1 × 106 cells/ml). Two-hundred microliters of RPMCs were pretreated with 25 μl saline (control group)
or FA (0.01, 0.1, 1 mg/ml) for approximately 10 min at 37◦C, then stimulated with 25 μl compound 48/80 (C48/80,
Sigma, Cat. C2313) or saline for 15 min. After incubation, the mast cell degranulation rate (the degranulated mast
cells/total mast cells × 100) was calculated based on observations made through a microscope [16].

Statistical analysis
The statistical analysis was performed with GraphPad Prism software (version 5.0) (La Jolla, CA, U.S.A.). The data
outputs were expressed as means +− SEM and analyzed by one-way ANOVA followed by Tukey’s test. Statistical sig-
nificance was considered at P<0.05.

Results
Effect of FA on nasal symptoms in the murine AR model
To investigate FA’s possible anti-allergic effect, mice behaviors were recorded over an approximate 20-min period
after OVA challenge on day 27. The frequency of nasal rubbing, and sneezing was counted. The OVA-induced AR
mice group manifested significantly more nasal rubbing and sneezing than the Naive group. The incidence of nasal
symptoms was reduced by treatment with FA. The mice in the Dex group also manifested fewer nasal symptoms
(Figure 1B,C).

Effect of FA on the OVA-specific Igs and histamine release in serum
We examined the levels of OVA-specific IgE, as well as OVA-specific IgG1 and histamine in the serum to determine
FA’s effect on allergic responses. These levels were all significantly higher in the OVA group than in the Naive group,
but levels were notably decreased after treatment with FA or Dex (Figure 2A–C).

Effect of FA on nasal cavity inflammation in NALF and the lung tissue of
AR mice
To examine FAs effect in the AR mice model, NALF was collected after killing. The total cells number in the NALF had
significantly increased in the OVA group, particularly the eosinophils, while no increase was observative the Naive
group. In contrast, a markedly decreased number of cells was observed in the FA treatment group and Dex group
(Figure 3A).

H&E staining revealed an inflammatory feature in the lung tissues of mice in the OVA group, in which edema
and thickened bronchial epithelial cells were observed. The groups treated with FA or Dex, however, had lung tissue
morphology similar to that observed in the Naive group (Figure 3B).
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Figure 2. Effect of FA on levels of OVA-specific IgE, OVA-specific IgG1, and histamine in serum of AR mice

The levels of (A) OVA-specific IgE, (B) OVA-specific IgG1, and (C) histamine in the serum were measured by ELISA kit. The values

represent the mean +− S.E.M (n=6/group). Significant differences at ***P<0.001, **P<0.01, *P<0.05 are compared with each group.

Figure 3. Effect of FA on nasal cavity and lung tissue of AR mice

(A) The inflammatory cells’ infiltration into NALF. (B) Lung histology. The NALF were isolated by cytospin and stained with Diff-Quick.

An increase in the number of eosinophils (indicated by the red arrows) in the NALF of OVA group was observed. Lung histology of

AR mice showed several inflammatory features: epithelial swelling, over-secreted mucus, and severely infiltrated inflammatory cell

surround bronchia. FA treatment considerably alleviated these inflammatory features. Scale bar = 50 μm.

Effect of FA on nasal mucosa tissue of AR mice
H&E staining was used to assess histopathological changes in the nasal mucosa. In the OVA group, nasal mucosa was
significantly thicker than in the Naive group. Appreciably decreased thickening of the nasal mucosa was observed in
the FA and Dex treatment groups (Figure 4).

We performed PAS staining to investigate goblet cells hyperplasia in the nasal epithelium. Compared with the
Naive group, considerably more goblet cells were observed in the OVA group. Subsequent to FA and Dex treatment,
however, the number of goblet cells was dramatically reduced. The purple arrows indicated goblet cells (Figure 4).

We performed Giemsa staining to determine the number of eosinophils in the subepithelium. The number of
eosinophils was markedly higher in the OVA group than in the Naive group. Consistent with prior results, treatment
with FA and Dex resulted in a significant decrease in the number of eosinophils present. The red arrows indicated
eosinophils (Figure 4).

Toluidine Blue staining reveals the presence of mast cells by highlighting them in purple. Mast cells were highly
recruited in the nasal tissues of AR mice, more so than in the Naive group. After FA treatment, however, the number
of infiltrated mast cells in the subepithelial and epithelial layer had markedly declined. The blue circled indicated
mast cells (Figure 4).

Effect of FA on the cytokine release in NALF of AR mice
To determine FA’s effect on allergic response, we determined cytokine levels in NALF. In the OVA group, the levels
of IL-4 and IL-5 (Th2-related cytokines); IL-1β, IL-6, and TNF-α (pro-inflammatory cytokines) were significantly
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Figure 4. Effect of FA on nasal thickness, goblet cell hyperplasia, and eosinophil infiltration in AR nasal mucosa tissues

H&E staining results, the epithelia of the OVA group were significantly thicker than those of the Naive group; epithelial swelling

was ameliorated by FA and Dex treatment. The number of goblet cells (purple arrows; PAS staining), the number of eosinophils

(red arrows; Giemsa staining), and the number of mast cell (blue circles; Toluidine Blue) present in the OVA group was significantly

higher than in the Naive group and was markedly decreased by FA and Dex treatment. The values represent the mean +− S.E.M

(n=6/group). Significant differences at ***P<0.001, **P<0.01, *P<0.05 are compared with each group. Bar = 50 μm.

Figure 5. Effect of FA on the Th1 cytokines release in NALF

The level of (A) IL-12 and (B) IFN-γ in NALF were determined by ELISA kit. The values represent the mean +− S.E.M (n=6/group).

Significant differences at ***P<0.001, **P<0.01 are compared with each group.

more elevated than in the Naive group. In contrast, in the FA and Dex treatment groups, levels of those were much
reduced (Figure 5A–E). IL-12 and IFN-γ (Th1-related cytokines) levels were significantly lower in the OVA group
than in the Naive group. After treatment with FA or Dex, the levels of these cytokines had markedly increased (Figure
6A,B).

Effect of FA on NF-κB signaling pathway in AR mice
To define the underlying molecular mechanisms by which FA suppressed inflammatory response, the NF-κB signal-
ing pathway-related proteins were quantified by Western blot. The contents of NF-κB, p-NF-κB, p-IκB in the lung
tissue of the AR group were higher than Naive group, indicating that the airway tract was in an inflammation state.
When FA was administered, the contents of NF-κB, p-NF-κB, p-IκB were significantly decreased, indicating FA had
a significant anti-inflammatory effect on AR mouse model (Figure 7A–G; Supplementary material).
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Figure 6. Effect of FA on the Th2 cytokines and pro-inflammatory cytokines release in NALF of AR mice

The levels of (A) IL-4, (B) IL-5, (C) IL-1β, (D) IL-6, (E) TNF-α in NALF were determined by ELISA kit. The values represent the mean
+− S.E.M (n=6/group). Significant differences at ***P<0.001, **P<0.01, *P<0.05 are compared with each group.

Figure 7. Effect of FA on NF-κB signaling pathway of AR mice

(A) The expression of NF-κB signaling-related protein in lung tissue were quantified by Western blots. The ratios of (B)

NF-κB/β-actin, (C) p-NF-κB/β-actin, (D) p-NF-κB/NF-κB, (E) I-κB/β-actin, (F) p-I-κB/β-actin, and (G) p-I-κB/I-κB were calculated

via ImageJ program. Significant differences at ***P<0.001, *P<0.05 are compared with each group.

Effect of FA on the histamine-derived mast cell release
RPMCs were used to investigate whether FA administration affected mast cell degranulation. After stimulation with
compound C48/80, RPMCs were degranulated more rapidly compared with the non-stimulated with C48/80 RPMCs.
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Figure 8. Effect of FA on the histamine derived-mast cell release

(A) RPMC morphology, (B) RPMC degranulation ratio, (C) level of histamine release. RPMCs were pretreated with FA (0.01, 0.1, 1

mg/ml) then stimulated with compound C48/80. FA significantly alleviated RPMCs degranulation and inhibited histamine release

after stimulation with compound C48/80. The red arrows indicated degranulated mast cells. Significant differences at ***P<0.001,

**P<0.01, *P<0.05 are compared with each group.

Though pre-treated mast cells with FA 0.1 and 1 mg/ml manifested significantly less degranulation after incubation
with C48/80 than the positive control group (Figure 8A,B). The red arrows indicated degranulated mast cells.

We also measured the amount of histamine-derived mast cells released after stimulation with compound C48/80.
Groups pre-treated with FA presented with considerably lower levels of histamine than untreated groups. In sum,
FA exerts a protective effect against RPMCs degranulation by compound C48/80 and inhibits histamine release from
mast cells (Figure 8C).

Discussion
AR is an allergic inflammation of the upper airways primarily triggered by elevated levels of serum allergen-specific
IgE, penetration of inflammatory cells in the nasal mucosa, and an imbalance of Th1/Th2 cytokines [17]. IgE has been
reported to mediate biological functions principally by binding to FcεRI, which is expressed by mast cells to trigger
the release of mediators as a response to the presence of an allergen [18]. Histamine is a typical mast cell mediator that
assumes a central role in allergic reaction chains, mediates the AR’s principal symptoms (pruritus, mucosal edema,
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sneezing by increased vascular permeability), and stimulates the sensory nerves to enhance secretion of mucus [19].
IgE and mast cells are involved in early-phase response to allergic inflammation, and are possibly involved in the late
phase as well [20]. In the presence of mast cell or eosinophil-derived IL-4, naive T cells are differentiated towards Th2,
leading to an imbalance in the Th1/Th2 ratio [21]. NF-κB also plays a role in the regulation of T-cell differentiation
towards Th2 cell and produce the pro-inflammatory IL-6 and TNF-α. We investigated FA’s anti-allergic effects in an
OVA-induced AR mouse model, finding that FA suppressed the clinical symptoms, IgE production, and histamine
release, inactivated NF-κB signaling, and encouraged Th1/Th2 homeostasis.

Strong systemic and local allergic responses in AR mice were accompanied by a serious rise in Igs levels, particularly
IgE and IgG1. IgE and IgG1, produced in a B-cell immune response, were controlled by IL-4 cytokines from Th2 cells
[22]. As shown in Figure 2A,B, OVA-specific IgE and OVA-specific IgG1 levels were markedly up-regulated in the
OVA group, more so than in the Naive group. FA treatment, however, had a statistically significant down-regulated
effect on OVA-specific IgE and OVA-specific IgG1 secretions, suggesting the FA down-regulates the Th2 immune
responses. Moreover, the elevated histamine levels present in the AR mice serum were decidedly reduced by FA or Dex
treatment. RPMCs degranulation experiment confirmed the inhibition of histamine-derived mast cells release, the
histamine release levels after stimulation with compound C48/80 were significantly decreased by FA pre-treatment.
The mast cell degranulation ratio was also improved by FA. Based on these results, we conclude that FA manifests
anti-allergic properties in both in vivo and in vitro experiments.

As the human body responds to an AR trigger, the infiltration of various inflammatory cells into nasal tissue leads
to airway and nasal inflammation. Based on our investigation of histopathological changes, eosinophil infiltration,
the quantity of goblet cells, and airway epithelium thickness were elevated in the OVA group, but treatment with
FA ameliorated epithelial swelling in the nasal mucosa as well as in the lung tissue, and inhibited overexpression of
mucus-secreting goblet cells.

Eosinophil-dependent inflammation and excessive activation of Th2 also play a role in triggering the symptoms of
allergic inflammatory diseases [23,24]. It has been reported elsewhere that Th2 cytokines, including IL-4 and IL-5,
are elevated in AR patients [25], and that these may inhibit the functions of the Th1 immune response [26]. IFN-γ
is the principal Th1 effector cytokine that inhibits naive T-cell differentiation into Th2 cells and triggers macrophage
production [27]. We observed that IL-4 and IL-5 levels were markedly decreased after FA treatment. In contrast,
IFN-γ was higher in the FA group than in the OVA group, further substantiating FA’s ability to shift Th2 to Th1.
However, in Dex group, the level of IFN-γ was not up-regulated and the level of IL-4 was not down-regulated as well.
In mammals, the NF-κB family is composed of five related transcription factors: p50, p52, p65 (also RelA), c-Rel,
and RelB. The transcription factors can form homo- and heterodimers, then bind to a variety of related target genes.
These dimers are bound to inhibitory molecules of the IκB family of proteins (inhibitors of NF-κB) and stay under
inactive state. When signaling pathway is activated, the complex NF-κB/IκB is degraded: NF-κB is phosphorylated
then translocated into the nucleus and IκB is phosphorylated then degraded by IκB kinase [28]. NF-κB has been
shown a critical role in the pulmonary inflammatory responses and T-cells development and functional divergence,
such as Th1 and Th2 differentiation [29]. The majority role of NF-κB in T-cell differentiation is believed that related
with CD4+ T cell. There is increasing evidence that NF-κB is the key factor of the Th0 differentiation. To be specific,
mice lacking p50 or p65 are unable to mount an asthma Th2-dependent type [30]. Indeed, it fail to induce GATA3
expression lead to the decreasing Th2-related cytokines release [31]. Moreover, by binding to two major enhancer
sites in the IL-4 locus, NF-κB participates in induction of IL-4 comply with nuclear factor of activated T cells lead
to the differentiation of naive T cells towards Th2 cell [7]. In addition to regulate the differentiation of T naive cell,
NF-κB also mediates the induction of various pro-inflammatory cytokines. The pro-inflammatory cytokines IL-1β,
IL-6, and TNF-α activate NF-κB, and their expression is induced in response to NF-κB activation. Interestingly,
The NFκB-related protein such as NF-κB, p-NF-κB, p-IκB were noticeably expressed in the lung tissues of AR mice
compared with Naive mice; in contrast, those were obviously decreased in the FA and Dex treated mice. Therefore,
by balancing the Th1/Th2 ratio, and suppressing the NF-κB signaling thereby exerting an anti-inflammatory effect,
FA has the potential to help patients avoid AR symptoms (Figure 9).

Nowadays, corticosteroids and antihistamine drugs are currently the most effective medication available for the
treatment of AR. However long-term use of inhaled steroids is often accompanied by undesirable adverse effects,
particularly when high doses are used. FA is an effective agent and less toxicity than Dex in the AR mouse model.
However, in the present study there are some limitations. First, the solubility of FA is unstable, and the other is the
cross-talk between NF-κB and Th1/Th2 paradigm need to be more specified. Therefore, in the future, a p-65-deficient
mice will be used for more clarification that NF-κB is the key role in the anti-allergic inflammatory effect of FA on a
mouse model. Also, for delivery FA and stabling the solubility of FA by nanoparticle method will be used in the next
study.
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Figure 9. The mechanism of action FA in an OVA-induced AR mouse model

Exposing to allergens promotes Th0 cell to differentiate towards Th2 cells, stimulate B cells to produce IgE, IgE bind to mast

cell and activate them. Once mast cells are triggered, it releases their pro-inflammatory cytokines and chemokines. Together with

Th2 cell-released cytokines, the leukocytes are recruited and activated lead to the airway allergic inflammatory symptoms. NF-κB

pathway is activated to more amplify the inflammatory situation. Here, FA showed their anti-allergic inflammatory effect by balancing

the Th1/Th2 ratio, suppressing the NF-κB signaling, and inhibiting mast cell degranulation.

Conclusion
We demonstrated that FA administration by oral gavage seriously attenuated airway inflammation in OVA-induced
AR mouse models by suppressing inflammation cells (eosinophils, goblet cells), reducing mucus hypersecretion, reg-
ulating the balance of Th1 and Th2 cytokines, and depressing serum anti-OVA IgE, anti-OVA IgG1, NF-κB phospho-
rylation, and histamine levels. Accordingly, we conclude that FA exerts a significant anti-inflammatory effect on AR
and suggest that FA may be an efficacious therapy for the treatment of AR.
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Figure S1. Full length gels and blots of NFkB signaling related proteins in lung tissues
(A) Western blot data. Orginal Western blot picture of (B) NF𝛋B p65 and (C) p-NF𝛋B p65. Membrane 
C was stripped from membrane B.
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Figure S1. Full length gels and blots of NFkB signaling related proteins in lung tissues
(D) Western blot data. Orginal Western blot picture of (E) I𝛋B and (C) p-I𝛋B. Membrane E was 
stripped from membrane F.
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Figure S1. Full length gels and blots of NFkB signaling related proteins in lung tissues
(A) Western blot data. Orginal Western blot picture of (H), (I) 𝝱-actin. Membrane H was 
stripped from membrane A. Membrane I was stripped from membrane F.
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Figure S2. Full length gels and 
blots of I-kB proteins in lung 
tissues (repeated experiment)
Orginal Western blot picture of 
(A), (C) I-kB; (B), (D) 𝝱-actin. 
Membrane B was stripped from 
membrane A. Membrane D was 
stripped from membrane C.
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Figure S3. Full length gels and 
blots of p-IkB proteins in lung 
tissues (repeated experiment)
Orginal Western blot picture of 
(A), (C) p-IkB; (B), (D) 𝝱-actin. 
Membrane B was stripped from 
membrane A. Membrane D was 
stripped from membrane C.
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Figure S4. Full length gels and 
blots of NF-kB proteins in lung 
tissues (repeated experiment)
Orginal Western blot picture of 
(A), (C) NF-kB; (B), (D) 𝝱-actin. 
Membrane B was stripped from 
membrane A. Membrane D was 
stripped from membrane C.
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Figure S5. Full length gels and 
blots of p-NF-kB proteins in lung 
tissues (repeated experiment)
Orginal Western blot picture of (A), 
(C) p-NF-kB; (B), (D) 𝝱-actin. 
Membrane B was stripped from 
membrane A. Membrane D was 
stripped from membrane C.


