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Abstract

Farfarae Flos is a traditional Chinese medicine that has long been used to treat allergies. In this study, we
aimed to investigate the effect of a petroleum extract of Farfarae Flos (PEFF) in 2 mouse model of allergic
rhinitis (AR) and to explore the underlying molecular mechanisms of action. An animal model of AR was
established by sensitization and challenge of BALB/c mice with ovalbumin (OVA). PEFF was administered
intranasally and AR nasal symptoms were assessed on a semi-quantitative scale according to the
frequencies of nose rubbing and sneezing and the degree of rhinorrhea. The mechanism of action of PEFF
was evaluated by histological analysis of nasal mucosa architecture and inflammatory status; ELISA-based
quantification of serum OVA-specific IgE, interferon-y (IFN-y), and interleukin-4 (IL-4) concentrations;
and immunohistochemical and western blot analysis of T-bet and GATA3 protein expression in nasal
mucosa and spleen tissues. The results showed intranasal administration of PEFF alleviated AR symptom
scores and reduced both the infiltration of inflammatory cells and tissue damage in the nasal mucosa. PEFF
significantly decreased serum concentrations of OVA-specific IgE (P<0.01) and IL-4 (P<0.05) and
significantly increased IFN-y (P<0.01). PEFF also upregulated the expression of T-bet protein (P<0.05) but
downregulated GATA3 protein (P<0.05) in nasal mucosa and spleen tissues. In conclusion, PEFF
effectively reduces AR nasal symptoms and serum IgE levels in a mouse model and may act by correcting

the imbalance between Th1 and Th2 responses.
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Introduction

Allergic rhinitis (AR) is a non-infectious chronic
inflammatory disease of the nasal mucosa that is
mainly mediated by specific IgE induced by exposure
to allergens [1]. Typical symptoms of AR include
paroxysmal sneezing, rhinorrhea, nasal congestion,
and nasal itching. Epidemiological studies report that
AR affects 10% to 40% of the global population and

4% to 38% of the Chinese population [2, 3]. As a
chronic inflammatory disease of the respiratory tract,
AR has a severe impact on quality of life and is a
heavy socioeconomic burden [4, 5]. Furthermore, AR
is a risk factor for the development of asthma.
Glucocorticoids, antihistamines, leukotriene
antagonists, mast cell stabilizers, nasal decongestants,
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and anticholinergics are commonly used for the
treatment of AR [6]. However, although these
medicines can rapidly relieve AR symptoms, they can
also cause serious adverse reactions. For example,
long-term use of nasal glucocorticoids causes nasal
dryness and bleeding and throat irritation [7].
Antihistamines can relieve many nasal symptoms,
such as itching, sneezing and runny nose, they have
no effect on airway obstruction [8]. Similarly,
although allergen-specific immunotherapy is an
effective method of changing the natural course of the
disease through immunoregulatory mechanisms, its
efficacy is considerably influenced by factors such as
patient compliance, allergen type, and systemic
adverse reactions. Allergen-specific immunotherapy
is also expensive, which has greatly restricted its
promotion and use to treat AR in China [9]. Thus,
there is a great need for the development of safer and
lower-cost therapeutic agents for AR.

Traditional Chinese medicine has been used as a
treatment for AR for hundreds of years, and it has
several advantages over many western medicines,
including lower side effects, stable curative effects,
and mechanism-based regulation of the pathogenesis
of allergies [10, 11]. Farfarae Flos (FF) is the dried bud
of the Tussilago farfara L. plant, which is considered
“the best way to cure cough” in “Shen Nong’s Herbal
Classic” [12]. FF has been used in many Chinese
medicines for the treatment of chronic cough, asthma,
bronchitis, and  tuberculosis. @ The chemical
composition of FF has been defined and includes
sesquiterpenoids,  triterpenes, flavonoids, and
alkaloids with anti-inflammatory [13], anti-cancer
[14], neuroprotective [15], and anti-viral [16]
biological activities. Lee et al. reported that
tussilagonone isolated from FF suppresses the
production of inflammatory mediators such as nitric
oxide and prostaglandin E2 [17]. A recent study also
suggested that FF extracts inhibit leukocytosis in
ammonia-induced acute airway inflammation [18].

AR is an immunological disorder with many
underlying causes, including environmental and
genetic contributions. However, it is believed to result
from an imbalance between Thl and Th2 immune
responses, with a dominant Th2 element [19]. Li et al.
showed that a petroleum extract of FF (PEFF) is
therapeutic in an ovalbumin (OVA)-induced rat
model of asthma, which may be related to rebalancing
of Th1l-Th2 cell responses via the nuclear factor
erythroid-2-related actor 2/heme oxygenase 1
pathway [20]. Therefore, we speculated that PEFF
may also have therapeutic benefits in AR.

In the present study, we tested this hypothesis
by establishing a mouse model of AR induced by
OVA sensitization followed by local challenge. We

analyzed the effects of intranasal (i.n.) administration
of PEFF on AR symptoms and mediators, and
investigated its underlying biological mechanisms.
Our findings shed light on the molecular mechanisms
of action of PEFF and suggest that it may have clinical
utility for the prevention and treatment of AR.

Methods

Reagents

OVA, aluminum hydroxide, and DMSO were
purchased from Sigma-Aldrich (St. Louis, MO, USA).
IgE ELISA Ready-Set-Go kits were obtained from
Sangon Biotech (Shanghai, China), and IFN-y and 1L-4
ELISA kits were obtained from Arigo Biolaboratories
Corporation (Shanghai, China). Budesonide (BUD)
was obtained from AstraZeneca (Taiyuan, China). The
anti-GATA-3 antibody was obtained from Proteintech
(Wuhan, China), and anti-T-box expressed in T cells
(T-bet) antibody was purchased from Cell Signaling
Technology (Danvers, MA, USA).

Preparation, major components detection,
and dissolution of PEFF

Farfarae Flos (FF) was obtained from a local drug
store and authenticated as the buds of Tussilago farfara
L. by Prof. Zhenyu Li. Voucher specimens (No.
KD-34) were deposited in the herbarium of the
Modern Research Center for Traditional Chinese
Medicine of Shanxi University. The preparation and
chemical characterization of PEFF have previously
been reported by us [20]. In brief, the dried FF flower
buds (3 kg) were ground to a powder and extracted
three times for 60 min each with 4 L of petroleum
ether (60-90°C) with ultrasonication. The combined
extract was then concentrated under reduced pressure
(vield 6.5 g of PEFF) and used for experiments.

In previous studies [20], the typical 1H NMR
spectrum of PEFF was obtained. In the region of &
4.5-6.5 and d 0.8-1.2, the signals corresponding to the
doubles bonds and methyl groups of the
sesquiterpenoids were obviously detected. In
addition, seven compounds were identified in PEFF
by LC-MS analysis. Finally, we proved that the
sesquiterpenoids were present as the major
components in the PEFF.

The sesquiterpenoids are soluble in lipophilic
organic solvents. Considering the low toxicity and
excellent permeability of the organic solvent
dimethylsulfoxide (DMSO), the lyophilized PEFF was
dissolved using 20% DMSO/saline. Furthermore,
based on the PEFF treatment concentration in
OVA-induced rat asthma models [20], low dose (LD,
0.01 g/kg), medium dose (MD, 0.02 g/kg), and high
dose (HD, 0.04 g/kg) of PEFF were used.
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Animal experiments

All animal experiments were performed
according to the Health Guide for the Care and Use of
Laboratory Animals and were approved by the
medical ethics committee of Shanxi Medical
University. A total of 60 specific pathogen-free female
BALB/c mice, aged 6-8 weeks, were purchased from
Beijing Vital River Laboratory Animal Technology.
They housed in ventilated isolation cages in a
climate-controlled room (20 + 1°C and 50-70%
humidity) with a 12 h light-dark cycle. Animals were
acclimated for one week before use to monitor for
abnormal behavior.

The 60 mice were randomly divided into seven
groups: (i) a control group (C, n=8) was
mock-sensitized and mock-challenged with saline;
M2, n=8/group) were sensitized and challenged
with OVA and mock-treated with saline; (iv-vi) three
PEFF treatment groups (n = 9/group) were sensitized,
challenged with OVA, and treated by i.n. instillation
of PEFF at a low dose (LD, 0.01 g/kg), medium dose
(MD, 0.02 g/kg), or high dose (HD, 0.04 g/kg); and
(vii) a positive control group (n= 9) was sensitized,
challenged with OVA, and treated by i.n. instillation
of BUD (P, 0.052 mg/kg).

Establishment of the AR model and timing of the
treatments are described in Fig. 1. Briefly, the mice
were sensitized by intraperitoneal (i.p.) injection of
200 pL saline containing 50 pg OVA and 2mg
aluminum hydroxide on days 0, 7, and 14. The mice
were challenged in. with OVA (10 pL saline
containing 100 pg/mL OVA) once daily from day 21
to day 34. The lyophilized PEFF was dissolved to the
final concentration instilled into the nasal mucosa
directly using 20% DMSQO/ saline. Between day 35 and
day 55, the treatment groups were administered 20%
DMSO/saline (M2), LD, MD, or HD PEFF, or BUD i.n.
(10 pL per nostril) once daily, 1 h before the OVA

| | |

challenge. The control mice received saline i.p. or in.
on the same schedule. During the treatment period
(days 35 to 55), the model (M2), PEFF, and BUD
groups were challenged in. with 10 pL OVA (100
pg/mL) every other day to maintain the response.
The data obtained from group M1 were used for
evaluating the AR model, and data obtained from
group M2 were used for evaluating the therapeutic
effects of PEFF on AR.

AR symptom score

As previously described [21], the nasal symptom
score was based on three features, each graded on a
four-point scale score between 0 and 3: (i) sneezing: 0,
none; 1, 1-3 sneezes per 20 min; 2, 4-10 sneezes per 20
min; 3, 211 sneezes per 20 min; (ii) nasal mucus: 0,
none; 1, mucus in nostrils; 2, mucus outflow from
nostrils; 3, mucus outflow to face; and (iii) nasal
itching: 0, none; 1, nose rubbing 1-2 times per min; 2,
nose rubbing 3-5 times per min; 3, nose rubbing >6
times per min. The three scores were added to give a
total score between 0 and 9 points. Animals recording
a total score of 5 points were considered to have AR
(Table 1). The symptom scores were measured every
morning after the OVA challenge from day 21 to 55,
and the observation time for symptom scoring is 20
minutes from the moment of OVA challenge.

Histologic experiments

The tissue was anesthetized with 0.6%
pentobarbital sodium after the successful modeling
and the end of the treatment, blood was collected
from the retro-orbital sinus, and the mice were
euthanized. Nasal tissue was separated from the skin
and muscles, fixed in 4% neutral buffered formalin,
and decalcified for 14 days in 10% EDTA. The tissue
was then embedded in paraffin, sliced into 3-pm-thick
sections, and stained with hematoxylin and eosin
(H&E). The sections were reviewed by a pathologist
to assess the tissues.
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Figure 1. Mouse model of AR. Groups of BALB/c mice were sensitized by intraperitoneal injection of OVA and aluminum hydroxide on days 0, 7, and 14, followed by
intranasal challenge with OVA once daily from day 21 to day 34. Mice in the model and treatment groups were administered 20% DMSO/saline and PEFF or BUD, respectively,
once daily from day 35 to day 55 by intranasal instillation. Every other day between days 35 and 55, the mice also received OVA intranasally | h before treatment to maintain AR.
Mice in the control group were administered saline intraperitoneally or intranasally on the same schedule. All mice were sacrificed on day 56.
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Table 1. Nasal symptom scoring in the AR mouse model

Score Nasal symtoms

Number of sneezes ~ Nasal mucus Number of nasal rubbing

per 20 minutes per minute
0 None None None
1 1-3 Nostril 1-2
2 4-10 Outflow nostril 3-5
3 11 Flow to face 26
ELISA

Blood samples were allowed to stand for 30 min
at room temperature and then centrifuged at 3000 x g
for 15 min at room temperature. Serum was removed
and the concentrations of OVA-specific IgE, IFN-y,
and IL-4 were evaluated using the appropriate ELISA
kits.

Immunohistochemistry (IHC)

Prepared sections of nasal tissue were
deparaffinized and antigen was retrieved by
incubation in citrate buffer (pH 7.4) under high heat
and pressure. Endogenous peroxidase activity was
blocked by incubation of sections with 3% hydrogen
peroxide in phosphate buffer solution (PBS) and
non-specific staining was blocked with normal goat
serum for 40 min at room temperature. The tissue
sections were incubated overnight at 4°C in a
humidified chamber with anti-T-bet (1:1600) or
anti-GATA3 (1:500) antibodies diluted in PBS. After
washing, the sections were incubated with
biotin-conjugated goat anti-rabbit or anti-mouse IgG
secondary antibodies for 30 min at room temperature.
Antibody binding was visualized wusing a
3,3'-diaminobenzidine detection system. Slides were
digitized using a Panoramic SCAN digital slide
scanner with a Zeiss plan-apochromat objective
(magnification 20%, aperture 0.8) and a Hitachi
(HV-F22CL) 3CCD progressive scan color camera
(resolution 0.2325 pm/ pixel).

Assessment of IHC staining

A semi-quantitative method was employed to
assess T-bet and GATA3 protein staining in nasal
mucosa tissue sections using Image-Pro plus 6.0
software. Five fields of view were randomly selected
from each slice, and the intensity of positive staining
within each field was calculated. The results are
presented as the mean optical density (MOD) per pm?
in the five fields [22, 23].

Western blot analysis

Total protein was isolated from tissues using a
Mammalian Protein Extraction Kit (Biotech, Beijing,
China) and protein concentrations were determined
using a Bicinchoninic Acid protein assay kit (Yeasen

Biotechnology). Proteins were separated by 10%
sodium  dodecyl  sulfate-polyacrylamide  gel
electrophoresis and transferred to 0.2 pm PVDF
membranes (Merck Millipore). The membranes were
blocked with 10% nonfat milk and incubated
overnight at 4°C with anti-T-bet and anti-GATA3
primary antibodies. The membranes were then
washed and incubated with horseradish peroxidase-
conjugated rabbit anti-goat IgG (H+L) (Beyotime),
respectively, for 2 h at room temperature. The
membranes were washed again and antibody binding
was detected with ECL reagent (Advansta). Blots
were also incubated with anti-glyceraldehyde
3-phosphate dehydrogenase (GAPDH) antibody
(ProteinFind) as a loading control. All experiments
were performed in triplicate.

Statistical analysis

Data are presented as the mean *standard
deviation (SD). Differences between groups were
determined using two-tailed Student’s t test or
ANOVA with SPSS 22.0 software (Chicago, IL, USA).
A two-tailed P value of <0.05 was considered
significant.

Results

Evaluation of an AR model in BALB/c mice

Groups of mice were sensitized on days 0, 7, and
14 and then challenged by i.n. administration of OVA
once daily starting on day 21. The AR symptoms were
scored according to the frequency of sneezing events
and nose rubbing and the degree of rhinorrhea
(maximum total score = 9, Table 1). Compared with
the control group (C), the model group (M1) had a
total nasal symptom score of =5 which was
considered to reflect AR (Fig. 2A).

Serum levels of OV A-specific IgE, IFN-y, IL-4 on
day 55 were measured by ELISA. Compared with the
control group, the model group had significantly
higher levels of OVA-specific IgE (P<0.01) and IL-4
(P<0.05) but significantly lower levels of IFN-y
(P<0.01) (Fig. 2B).

Histopathological examination of the nasal
mucosa of the control mice on day 34 revealed a
normal architecture, pseudostratified ciliated
columnar epithelium, uniformly arranged cilia, no
detachment, and no obvious eosinophilic infiltration
in the lamina propria. However, the nasal mucosa of
the model group exhibited prominent alterations,
with ciliary desquamation in the nasal epithelium,
severe edema, angiectasis in the lamina propria,
glandular organ hypertrophy, severe eosinophilic
infiltration, and basement membrane thickening (Fig.
20).

http://www.medsci.org



Int. J. Med. Sci. 2021, Vol. 18

559

7=
- C 1000+
64 -= M1
o
800
g s
H P
—_ 4 )
3 -E, 600
£ 34 =
L w
3, §
] 400
° s
1+ 2
200
1 3 5 7 9 1" 13 15
Days after OVA challenge 0-

(day 21-34 of the treatment period)

P<0.05 P<0.01

P<0.01 27- A5

IL4 (pa/mL)
°o v @ o B & ® 2 ¥
IFN-y (pg/mL)

° g 2 © 3

A Desquamation in the lamina epithelialis in the nasal cavity

Z Infiltration of eosinophils

% Edema in the lamina propria

—» Dilatation and congestion in vessels

Figure 2. Evaluation of AR in mice. (A) Nasal symptom scores were calculated after observation of mice for 20 minutes after OVA challenge. (B) Serum OVA-specific IgE,
IL-4, and IFN-y concentrations were measured by ELISA. (C) The morphology and histology of nasal mucosa were evaluated by H&E staining of tissue sections (%400).
Differences between groups were determined using two-tailed Student’s t test. Data are presented as the mean * SD. C, control group; M1, model group.

Collectively, these results indicate that the AR
model had been successfully established in BALB/C
mice.

PEFF effects on nasal symptoms and nasal
mucosa histology in mice with AR

On days 35 through 55, mice with AR were
treated in. with 20% DMSO/saline (M2), low,
medium, or high doses of PEFF, or BUD (positive
control) once daily. Compared with the saline-treated
model group, PEFF-treated mice exhibited a
dose-dependent reduction in AR nasal symptom
scores (Fig. 3A). PEFF treatment also improved the
histological changes in the nasal tissue of mice with
AR. Whereas the nasal cavity of mice in the model
group exhibited typical features of AR in the mucosa
and submucosa, the mice in the HD PEFF group
showed markedly reduced edema and inflammatory
cell infiltration, and smaller reductions were noted in
the LD and MD PEFF groups. As expected, the
positive control group (BUD) also displayed marked
improvements in the nasal mucosa pathology
compared with the model group (Fig. 3B).

PEFF effects on serum OVA-specific IgE, IL-4,
and IFN-y levels in mice with AR

To determine whether PEFF could regulate the
production of allergic mediators, we measured serum
levels of IL-4, IFN-y, and OV A-specific IgE by ELISA.
In comparison with the control mice, the model group
had significantly higher serum levels of OV A-specific
IgE and IL-4 (Fig. 4A and B, P < 0.05) but significantly
lower levels of IFN-y (Fig.4C, P < 0.05). Notably,
treatment with HD PEFF (0.04 g/kg) or BUD
significantly reduced OVA-specific IgE and IL-4
serum levels and concomitantly increased IFN-y
levels (P < 0.05, Fig. 4).

PEFF effects on the expression of GATA3 and
T-bet and the imbalance between Thl and Th2
cells in mice with AR

Next, we investigated the molecular mechanisms
by which PEFF might alleviate AR. The transcription
factors T-bet and GATAS3 are crucial regulators of the
differentiation of precursor cells into Th1 cells, which
produce IFN-y, and Th2 cells, which produce IL-4.
Therefore, we examined the effects of PEFF treatment
on T-bet and GATA3 protein expression in the nasal
mucosa of mice with AR. IHC staining of the proteins
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was quantified optically using image analysis and the
results are presented as the MOD value. Compared
with the control group, the nasal mucosa of mice in
the model group showed increased expression of
GATA3 (Fig.5A, Table 2; P <0.01) and decreased
expression of T-bet (Fig.5B, Table 2; P <0.01).
Consistent with its effects on serum IL-4 and IFN-y
levels, PEFF treatment increased T-bet expression and
decreased GATA3 expression compared with the
model group (Fig. 5A and B). These differences were
significant in all treatment groups except the low-dose
PEFF group (P < 0.05, Table 2).

Because the spleen is the largest peripheral
immune organ, contains large numbers of
lymphocytes and macrophages, and is central to the
innate and adaptive immune responses [24], we also
examined T-bet and GATA3 protein expression in
spleen tissues by western blot analysis. We found that
GATAS3 levels were increased and T-bet levels were
decreased in the spleens of the AR model mice
compared with the control group. Moreover,

administration of PEFF decreased GATA3 expression
and increased T-bet expression compared with the
spleens of the model group (Fig. 5C), which was
consistent with the protein expression pattern in nasal
mucosa.

These findings clearly demonstrate that PEFF
treatment inversely affects T-bet and GATA3 protein
expression and IL-4 and IFN-y production, suggesting
that the therapeutic efficacy of PEFF in AR is
mediated through modulation of Th1/Th2 responses.

Table 2. Quantification of T-bet and GATA3 protein
immunoreactivity in nasal mucosal tissues of mice with AR

Groups n T-bet GATA3
Control group 8 0.0141+0.0034 0.0068+0.0016
M2 (model group) 8 0.0027+0.0014##  0.0268+0.0074##
Positive control group (BUD) 9 0.0134+0.0033" 0.0110+0.0051*
LD group (0.01 g/kg PEFF) 9 0.0045+0.0028 0.0200+0.0027
MD group (0.02 g/kg PEFF) 9 0.0068+0.0033" 0.0132+0.0034™
HD group (0.04 g/kg PEFF) 9 0.0133+0.0022™ 0.0119+0.0037"

Data are presented as the mean optical density per pm?2 + SD of five fields per
section. Differences between groups were determined using two-tailed Student’s t
test. #P<0.01 vs the Control group; *P<0.05 and **P<0.01 vs the M2 group.
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Figure 3. Effects of PEFF on nasal symptoms and nasal mucosa histology in the AR mouse model. (A) Symptom scores. (B) Representative H&E-stained sections
of the nasal mucosa (%400). C, control; M2, model; P, positive control (BUD); LD, low-dose PEFF; MD, medium-dose PEFF; and HD, high-dose PEFF groups. Data are presented

as the mean + SD.
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IFN-y (C) were measured by ELISA. Differences between groups were determined using two-tailed Student’s t test. Data are presented as the mean * SD. C, control; M2, model.
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Figure 5. Effects of PEFF on T-bet and GATAS3 protein expression in nasal mucosa and spleen tissues of mice with AR. (A, B) Representative images of GATA3
(A) and T-bet (B) protein expression in nasal mucosa tissue (X400). (C) Western blot analysis of T-bet and GATAS3 protein in spleen tissue. C, Control; M2, model; P, positive
control (BUD); LD, low-dose PEFF; MD, medium-dose PEFF; and HD, high-dose PEFF groups. Differences between groups were determined using two-tailed Student’s t test.
Data are presented as the mean + SD.
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Discussion

The early-phase reaction of AR begins within a
few minutes after the sensitized individual is exposed
to the allergen [25]. Allergen binding to IgE on mast
cells and basophils induces rapid degranulation and
release of preformed mediators such as histamine
[26]. These events cause the acute signs and
symptoms of allergy: sneezing, runny nose, and
itching [4, 27]. At the late-phase reaction of AR,
eosinophils release eosinophil cationic protein,
eotaxin, and proinflammatory mediators that cause
mucosal damage and edema [28, 29]. In the present
study, OVA sensitization followed by in. challenge
induced a typical AR response; that is, nasal
symptoms such as sneezing, nasal scratching, and
watery rhinorrhea, alterations in the nasal mucosa
architecture accompanied by eosinophil infiltration;
and changes in serum levels of antigen-specific IgE,
IL-4, and IFN-y. These results indicate that AR was
successfully modeled in BALB/c mice.

Tussilagone (TSL) is an anti-inflammatory
sesquiterpene compound which separated by
petroleum ether from Farfarae Flos [30, 31]. Most
recently, Jin et al. reported that TSL suppresses
allergic responses in OVA-induced allergic rhinitis
guinea pigs [32], indicating the active components
extracted from Farfarae Flos have potential therapeutic
effect on allergic rhinitis. Therefore, we evaluated the
effects of PEFF on the symptoms of mice with
OVA-induced AR and investigated the underlying
mechanisms of action. The results showed that PEFF
improved the nasal allergy symptoms of AR mice,
which was accompanied by a reduction in tissue
damage and inflammatory cell infiltration in the nasal
mucosa, thereby maintaining the integrity of the nasal
mucosa. In addition, PEFF reduced serum OVA-
specific IgE and IL-4 levels and increased IFN-y, likely
by regulating the imbalance between Thl and Th2 cell
differentiation via modulation of the transcription
factors GATA3 and T-bet.

The main immunopathological feature of AR is
an imbalance between the differentiation of Thl and
Th2 cells, with Th2 cells predominating [19, 33]. A
number of intracellular signaling pathways and
transcription factors have been shown to play key
roles in driving directional Th cell differentiation [34].
T-bet, a member of the t-box gene family; is selectively
expressed in Th1 cells, where it not only promotes Th1
cell differentiation and IFN-y secretion but also
inhibits GATA3 expression and influences IL-4
signaling and Th2 cell differentiation [35]. T-bet
deficient mice exhibit defects in IFN-y production and
express excessive levels of Th2 cytokines [36]. GATA3
is a member of the GATA transcription factor family.

Previous studies have demonstrated that IL-4 induces
the expression of GATA3 by activating STAT6, which
further promotes IL-4 gene transcription and Th2 cell
differentiation. GATA3 inhibits the development of
Th1 cells and the secretion of cytokines such as IFN-y,
and it also induces T cells to become Th2 cells [37, 38].
Therefore, the high GATA3 expression and low T-bet
expression suggest local imbalance between Thl and
Th2 cell differentiation [39]. In the present, IHC and
western blot analysis showed that T-bet and GATA3
proteins were downregulated and upregulated,
respectively, in the nasal mucosa and spleen tissues of
AR mice compared with control mice, which would
favor Th2 cell differentiation. PEFF treatment
reversed this pattern of protein expression, thereby
correcting the imbalance in Thl and Th2 cell
differentiation.

In conclusion, our study of the AR mouse model
demonstrated that PEFF exerts a  potent
anti-inflammatory effect, which ameliorated the
rhinitis symptoms, reduced the nasal histopathology,
inhibited the release of proinflammatory mediators,
and regulated the differentiation of Thl and Th2 cells.
These findings provide support for the use of PEFF
and traditional Chinese medicine in the prevention
and treatment of AR.

Abbreviations

PEFF: Petroleum extract of Farfarae Flos;, AR:
Allergic rhinitis; OVA: Ovalbumin; PBS: Phosphate
buffer solution; H&E: Hematoxylin and eosin; BUD:
Budesonide; DMSO: Dimethyl sulfoxide; ELISA:
Enzyme-linked immunosorbent assay; Thl: Type 1
helper T cell; Th2: Type 2 helper T cell; T-bet: T-box
expressed in T cells; GATA3: GATA-binding protein
3; IFN-y: Interferon-y; IL-4: Interleukin-4; IHC:
Immunohistochemistry.

Acknowledgements

This work was supported by Shanxi Province
Scientific  and  Technological =~ Achievements
Transformation = Guidance Foundation (grant:
201804D131043), The Excellent talent science and
technology innovation project of Shanxi Province
(grant: 201805D211007), National Natural Science
Foundation of China (grants: 31270008, 81973466),
and Fund of Shanxi “1331 Project”.

Ethics approval

Animal experiments were performed according
to the Health Guide for the Care and Use of
Laboratory Animals and were approved by the
medical ethics committee of Shanxi Medical
University.

http://www.medsci.org



Int. J. Med. Sci. 2021, Vol. 18

563

Author Contributions

WG, SXW and ZYL conceived the study,
supervised and approved the study design. YYW, X]Z
and JJC performed most of the experiments,
interpreted the results. XJZ, JJC and XWZ performed
Hematoxylin-eosin ~ staining and immunohisto-
chemistry experiments. YYW, YLZ and MN
performed molecular biology experiments. YYW and
XJZ repeated the experiments. YYW, WG, SXW and
YJG analyzed the data, organized figures and wrote
the manuscript. All authors read and approved the
final manuscript.

Competing Interests

The authors have declared that no competing
interest exists.

References

1.  Cheng L, Chen J, Fu Q, He S, Li H, Liu Z, et al. Chinese Society of Allergy
Guidelines for Diagnosis and Treatment of Allergic Rhinitis. Allergy Asthma
Immunol Res. 2018; 10: 300-53.

2. ZhangY, Zhang L. Increasing Prevalence of Allergic Rhinitis in China. Allergy
Asthma Immunol Res. 2019; 11: 156-69.

3. BrozekJL, Bousquet J, Agache I, Agarwal A, Bachert C, Bosnic-Anticevich S, et
al. Allergic Rhinitis and its Impact on Asthma (ARIA) guidelines-2016
revision. J Allergy Clin Immunol. 2017; 140: 950-8.

4. Greiner AN, Hellings PW, Rotiroti G, Scadding GK. Allergic rhinitis. Lancet.
2011; 378: 2112-22.

5. Meltzer EO, Blaiss MS, Derebery MJ, Mahr TA, Gordon BR, Sheth KK, et al.
Burden of allergic rhinitis: results from the Pediatric Allergies in America
survey. ] Allergy Clin Immunol. 2009; 124: S43-70.

6.  Brozek JL, Bousquet J, Baena-Cagnani CE, Bonini S, Canonica GW, Casale TB,
et al. Allergic Rhinitis and its Impact on Asthma (ARIA) guidelines: 2010
revision. J Allergy Clin Immunol. 2010; 126: 466-76.

7. Lipworth BJ, Jackson CM. Safety of inhaled and intranasal corticosteroids:
lessons for the new millennium. Drug Saf. 2000; 23: 11-33.

8. Bousquet J, Khaltaev N, Cruz AA, Denburg ], Fokkens W], Togias A, et al.
Allergic Rhinitis and its Impact on Asthma (ARIA) 2008 update (in
collaboration with the World Health Organization, GA(2)LEN and AllerGen).
Allergy. 2008; 63 Suppl 86: 8-160.

9. Jutel M, Agache I, Bonini S, Burks AW, Calderon M, Canonica W, et al.
International consensus on allergy immunotherapy. J Allergy Clin Immunol.
2015; 136: 556-68.

10. Jung HW, Jung JK, Park YK. Comparison of the efficacy of KOB03, ketotifen,
and montelukast in an experimental mouse model of allergic rhinitis. Int
Immunopharmacol. 2013; 16: 254-60.

11. Shao YY, Zhou YM, Hu M, Li JZ, Chen CJ, Wang Y], et al. The Anti-Allergic
Rhinitis Effect of Traditional Chinese Medicine of Shengi by Regulating Mast
Cell Degranulation and Th1/Th2 Cytokine Balance. Molecules. 2017; 22: 504.

12. LiJ, Zhang ZZ, Lei ZH, Qin XM, Li ZY. NMR based metabolomic comparison
of the antitussive and expectorant effect of Farfarae Flos collected at different
stages. ] Pharm Biomed Anal. 2018; 150: 377-85.

13. Cheon HJ, Nam SH, Kim JK. Tussilagone, a major active component in
Tussilago farfara, ameliorates inflammatory responses in dextran sulphate
sodium-induced murine colitis. Chem Biol Interact. 2018; 294: 74-80.

14. Lee HJ, Cho HS, Jun SY, Lee JJ, Yoon JY, Lee JH, et al. Tussilago farfara L.
augments TRAIL-induced apoptosis through MKK7/JNK activation by
inhibition of MKK7-TIPRL in human hepatocellular carcinoma cells. Oncol
Rep. 2014; 32: 1117-23.

15. Lim HJ, Dong GZ, Lee HJ, Ryu JH. In vitro neuroprotective activity of
sesquiterpenoids from the flower buds of Tussilago farfara. ] Enzyme Inhib
Med Chem. 2015; 30: 852-6.

16. Chiang YW, Yeh CF, Yen MH, Lu CY, Chiang LC, Shieh DE, et al. Flos Farfarae
Inhibits Enterovirus 71-Induced Cell Injury by Preventing Viral Replication
and Structural Protein Expression. Am J Chin Med. 2017; 45: 299-317.

17. Lee ], Kang U, Seo EK, Kim YS. Heme oxygenase-1-mediated anti-
inflammatory effects of tussilagonone on macrophages and 12-O-tetra-
decanoylphorbol-13-acetate-induced ~ skin inflammation in mice. Int
Immunopharmacol. 2016; 34: 155-64.

18. Wu QZ, Zhao DX, Xiang ], Zhang M, Zhang CF, Xu XH. Antitussive,
expectorant, and anti-inflammatory activities of four caffeoylquinic acids
isolated from Tussilago farfara. Pharm Biol. 2016; 54: 1117-24.

19. Sogut A, Yilmaz O, Kirmaz C, Ozbilgin K, Onur E, Celik O, et al. Regulatory-T,
T-helper 1, and T-helper 2 cell differentiation in nasal mucosa of allergic

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

rhinitis with olive pollen sensitivity. Int Arch Allergy Immunol. 2012; 157:
349-53.

Li J, Gao W, Gao ], Li H, Zhang X, Qin X, Li Z. Metabolomics reveal the
protective effect of Farfarae Flos against asthma using an OVA-induced rat
model. RSC Advances. 2017; 7: 39929-39.

Senturk E, Yildirim YS, Dogan R, Ozturan O, Guler EM, Aydin MS, et al.
Assessment of the effectiveness of cyclosporine nasal spray in an animal
model of allergic rhinitis. Eur Arch Otorhinolaryngol. 2018; 275: 117-24.

Li HT, Chen ZG, Lin YS, Liu H, Ye J, Zou XL, et al. CpG-ODNs and
Budesonide Act Synergistically to Improve Allergic Responses in Combined
Allergic Rhinitis and Asthma Syndrome Induced by Chronic Exposure to
Ovalbumin by Modulating the TSLP-DC-OX40L Axis. Inflammation. 2018; 41:
1304-20.

Jia XL, Li SY, Dang SS, Cheng YA, Zhang X, Wang W], et al. Increased
expression of chondroitin sulphate proteoglycans in rat hepatocellular
carcinoma tissues. World ] Gastroenterol. 2012; 18: 3962-76.

Bronte V, Pittet MJ. The spleen in local and systemic regulation of immunity.
Immunity. 2013; 39: 806-18.

Galli S], Tsai M, Piliponsky AM. The development of allergic inflammation.
Nature. 2008; 454: 445-54.

Galli SJ, Tsai M. IgE and mast cells in allergic disease. Nat Med. 2012; 18:
693-704.

Pipet A, Botturi K, Pinot D, Vervloet D, Magnan A. Allergen-specific
immunotherapy in allergic rhinitis and asthma. Mechanisms and proof of
efficacy. Respir Med. 2009; 103: 800-12.

Humbles AA, Lloyd CM, McMillan SJ, Friend DS, Xanthou G, McKenna EE, et
al. A critical role for eosinophils in allergic airways remodeling. Science. 2004;
305: 1776-9.

Skoner DP. Allergic rhinitis: definition, epidemiology, pathophysiology,
detection, and diagnosis. J Allergy Clin Immunol. 2001; 108: S2-8.

Cao K, Xu Y, Zhao TM, Zhang Q. Preparation of Sesquiterpenoids from
Tussilago farfara L. by High-speed Counter-current Chromatography.
Pharmacogn Mag. 2016; 12: 282-7.

Hwangbo C, Lee HS, Park ], Choe ], Lee JH. The anti-inflammatory effect of
tussilagone, from Tussilago farfara, is mediated by the induction of heme
oxygenase-1 in murine macrophages. Int Immunopharmacol. 2009; 9: 1578-84.
Jin C, Ye K, Luan H, Liu L, Zhang R, Yang S, et al. Tussilagone inhibits allergic
responses in OVA-induced allergic rhinitis guinea pigs and IgE-stimulated
RBL-2H3 cells. Fitoterapia. 2020; 144: 104496.

Eifan AO, Durham SR. Pathogenesis of rhinitis. Clin Exp Allergy. 2016; 46:
1139-51.

Caramori G, Ito K, Adcock IM. Targeting Th2 cells in asthmatic airways. Curr
Drug Targets Inflamm Allergy. 2004; 3: 243-55.

Lazarevic V, Glimcher LH, Lord GM. T-bet: a bridge between innate and
adaptive immunity. Nat Rev Immunol. 2013; 13: 777-89.

Lametschwandtner G, Biedermann T, Schwirzler C, Giinther C, Kund J, Fassl
S, et al. Sustained T-bet expression confers polarized human TH2 cells with
TH1-like cytokine production and migratory capacities. J Allergy Clin
Immunol. 2004; 113: 987-94.

Yagi R, Zhu J, Paul WE. An updated view on transcription factor GATA3-
mediated regulation of Th1 and Th2 cell differentiation. Int Immunol. 2011; 23:
415-20.

O'Shea JJ, Lahesmaa R, Vahedi G, Laurence A, Kanno Y. Genomic views of
STAT function in CD4+ T helper cell differentiation. Nat Rev Immunol. 2011;
11: 239-50.

Eifan AO, Furukido K, Dumitru A, Jacobson MR, Schmidt-Weber C, Banfield
G, et al. Reduced T-bet in addition to enhanced STAT6 and GATA3 expressing
T cells contribute to human allergen-induced late responses. Clin Exp Allergy.
2012; 42: 891-900.

http://www.medsci.org



