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Lidocaine relieves murine allergic rhinitis by
regulating the NF-kB and p38 MAPK pathways
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Abstract. Allergic rhinitis (AR) is one of the most common
chronic inflammatory diseases and its main feature is nasal
mucositis. It has been recently revealed that lidocaine demon-
strates optimal effects in the treatment of various diseases.
However, a limited number of studies have examined the
association between lidocaine and AR. In the present study,
the AR mouse model was established to explore the effects of
lidocaine in AR and to further analyze its molecular mecha-
nism. Subsequently, different concentrations of lidocaine
were provided to the animals by intranasal administration
and a series of indices were assessed. The data indicated that
the frequencies of mouse sneezing and nose rubbing were
suppressed following an increase in lidocaine concentra-
tion. Subsequently, the number of inflammatory cells was
measured. Wright's-Giemsa staining results indicated that
lidocaine significantly decreased the numbers of leukocytes,
eosinophils, neutrophils and lymphocytes in the nasal lavage
fluid (NLF) of AR mice. In addition, the expression levels of
ovalbumin (OVA)-specific immunoglobulin E (IgE), leukot-
riene C4 (LTC4) and certain inflammatory factors were
assessed by ELISA. Lidocaine reduced OVA-specific IgE
and LTC4 expression in NLF and plasma derived from AR
mice. It also decreased the expression levels of 1L-4, IL-5,
IL-13, IL-17 and TNF-a. Lidocaine caused upregulation of
IFN-y and IL-2 expression levels. Subsequently, western blot
analysis indicated that lidocaine suppressed phosphorylated
(p)-p38 and p-p65 expression levels in AR mice. Collectively,
the results indicated that the NF-kB and p38 MAPK signaling
pathways were involved in the lidocaine-mediated relief of AR
in mice. In order to further verify the association between the
NF-«kB and p38 MAPK signaling pathways and AR in mice,
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the effects of the NF-kB inhibitor IMD-0354 and the p38
MAPK inhibitor SB 203580 were assessed on AR mice. The
results indicated that these two compounds exhibited similar
inhibitory effects on AR mice as those noted with the use of
lidocaine. These findings suggested that lidocaine represented
a novel therapeutic agent for AR.

Introduction

Allergic rhinitis (AR) is one of the more common chronic
inflammatory diseases. Its main feature is nasal mucositis,
which is a non-infectious rhinitis caused by an immune
response mediated by immunoglobulin E (IgE) (1). AR induces
upper respiratory tract inflammation, which is associated with
the mediators released by several types of hypersensitive
immune cells (2). At present, patients with AR present with
various complications, such as chronic rhinosinusitis and
asthma (3). Two types of AR have been identified, including
seasonal and perennial. Seasonal AR is caused by exposure
to seasonal allergens. Common seasonal allergens are mainly
pollen, grass and weeds, while perennial allergens are mainly
dust mites, mold, animal dander and other allergens (4). AR
affects the social life of sufferers to a large extent, and can
cause significant financial burden to patients (1). The advance-
ment of medical technology has enabled the development
of several treatments for AR, including intranasal steroids,
antihistamines, leukotriene receptor antagonists and immuno-
therapy (5,6). However, 20% of patients with AR do not exhibit
improved symptoms (7). Therefore, the development of novel
treatment strategies for AR is imperative.

Lidocaine is a local anesthetic with anti-inflammatory
effects. It is the only local anesthetic compound that can be
injected intravenously (8,9). At present, lidocaine is widely
used for invasive anesthesia, central axonal anesthesia and
peripheral nerve block (10). In addition, this compound
can prevent myocardial infarction and heart disease (11).
Detailed studies on lidocaine have revealed that it exhibits
optimal effects in the treatment of specific diseases, including
epilepsy, asthma, acute gastric-induced abdominal pain and
cancer (12-16). Liu et al (15) indicated that lidocaine inhibited
cell viability by regulating the transient receptor potential
cation channel, subfamily M, member 7 in breast cancer.
Zhao et al (16) indicated that lidocaine inhibited cancer
development via the circular RNA_itchy E3 ubiquitin protein
ligase/microRNA (miR)-421/cytoplasmic polyadenylation
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element binding protein 3 axis in hepatocellular carcinoma.
Previous studies have revealed that injection of lidocaine
can reduce inflammation and relieve pain following double
maxillary surgery (17). Guang et al (18) indicated that lido-
caine exerted its anti-inflammatory effects by inhibiting the
NF-kB signaling pathway. In recent years, an increasing
number of studies have revealed the anti-inflammatory effects
of lidocaine (19,20). In addition, a recent study indicated that
nebulized lidocaine could ameliorate allergic airway inflam-
mation via downregulation of toll-like receptor (TLR)2 (21).
As AR is a chronic inflammatory disease, it was hypothesized
that lidocaine may play a protective role in AR by inhibiting
inflammation. However, the effects of lidocaine on AR have
not been previously reported. Therefore, an AR mouse model
was established to explore the role of lidocaine in AR and
further analyze its potential molecular mechanisms.

Materials and methods

Establishment of an ovalbumin (OVA)-induced AR model. A
total of 80 male BALB/c mice (age, 6 weeks; weight, ~20 g)
were purchased from the Experimental Animal Center of
Nanjing University. All animal experiments were performed
according to the protocol approved by the Wuhan Jinyintan
Hospital Committee on Care and Use of Laboratory Animals
(Wuhan, China).

The mice were kept in a sterile environment at a tempera-
ture of 20+£1°C and a 12-h dark/light cycle. All mice were
allowed full access to water and food. The animal experi-
ments were conducted according to strict procedures. The
mice were sensitized for the first time on days 0, 7 and 14 by
intraperitoneal injection of 200 pl saline containing 25 ug
OVA (Sigma-Aldrich; Merck KGaA) and 2 mg aluminum
hydroxide. Then, 1 week after the last intraperitoneal injec-
tion, the mice were challenged intranasally daily and 3% OVA
was diluted in 20 pl saline for a second immunization. The
mice of the control group were injected with saline without
OVA and aluminum hydroxide (22).

Intranasal administration of lidocaine. The total amount for
intranasal administration is usually 20 ul (23). During the
experiment, 1, 3 and 5 mg/kg/day lidocaine was intranasally
administered to mice (n=10) 3 h prior to OVA challenge on
days 28-34. The mice were intranasally administered 20 ul
saline 3 h prior to every daily OVA challenge (once a day)
on days 28-34 in the AR group. Mice were divided into the
following groups: Control, mice (n=10) without any treatment;
AR, mice (n=10) intranasally administered 20 ul saline 3 h
prior to every daily OVA challenge (once a day) on days 28-34;
AR + Lidocaine (1 mg/kg): 1 mg/kg/day lidocaine was intrana-
sally administered to mice (n=10) 3 h prior to OVA challenge
on days 28-34; AR + Lidocaine (3 mg/kg), 3 mg/kg/day lido-
caine was intranasally administered to mice (n=10) 3 h prior to
OVA challenge on days 28-34; and AR + Lidocaine (5 mg/kg),
5 mg/kg/day lidocaine was intranasally administered to mice
(n=10) 3 h prior to OVA challenge on days 28-34.

For NF-«xB inhibitor IMD-0354 (Sigma-Aldrich;
Merck KGaA) and p38 MAPK inhibitor SB 203580
(Sigma-Aldrich; Merck KGaA) treatment, mice were divided
into the following groups: AR, mice (n=10) were intranasally

administered 20 pl saline 3 h prior to every daily OVA chal-
lenge (once a day) on days 28-34; AR + IMD, 5 mg/kg/day
IMD-0354 was intranasally administered to mice (n=10) 3 h
prior to OVA challenge on days 28-34; AR + SB 203580,
2 mg/kg/day SB 203580 was intranasally administered to mice
(n=10) 3 h prior to OVA challenge on days 28-34.

The mice were anesthetized with an intraperitoneal injec-
tion of pentobarbital sodium (Sigma-Aldrich; Merck KGaA;
50 mg/kg) and sacrificed by cervical dislocation on day 35.
Animal sacrifice was defined as the lack of heartbeat and
breathing. The peripheral blood and nasal lavage fluid (NLF)
were subsequently harvested following euthanasia. Blood and
NLF samples were collected from mice, followed by centrifu-
gation at 4°C for 10 min at 1,600 x g. The serum and NLF
supernatant were stored at -80°C for subsequent measurements.

Evaluation of nasal symptoms. Following the last OVA chal-
lenge, the animals were kept in their cages for 30 min and
the parameters including sneezing frequency and nose rubbing
were recorded. The following scores were calculated: i) Slight
rubbing of the nose several times or sneezing <3 times;
ii) repeated nose rubbing or sneezing >3 times and <10 times;
and iii) rubbing from nose to face or sneezing =11 times.

Inflammatory cell counting. The inflammatory cells (leuco-
cytes, eosinophils, neutrophils and lymphocytes) in NLF were
resuspended in 1 ml PBS (100 mM) with 1% BSA (Beyotime
Institute of Biotechnology). The number of leukocytes was
counted using a hemocytometer. Wright's-Giemsa staining
(cat. no. E607315; Sangon Biotech) was performed at 37°C
for 20 min according to the manufacturer's protocol, and the
numbers of eosinophils, neutrophils and lymphocytes were
evaluated with a light microscope at a magnification of x200.

ELISA. The assay was performed to examine the expres-
sion levels of IL-4 (cat. no. abl00710; Abcam), IL-5 (cat.
no. ab204523; Abcam), IL-13 (cat. no. ab219634; Abcam),
IL-17 (cat. no. abl00702; Abcam), TNF-a (cat. no. ab208348;
Abcam), IFN-y (cat. no. PI508; Beyotime Institute of
Biotechnology), OVA-specific IgE (cat. no. 439807-1;
BioLegend, Inc.), leukotriene C4 (LTC4; cat. no. EK-M28299;
EK-Bioscience) and IL-2 (cat. no. PI575; Beyotime Institute
of Biotechnology) in inflammation. Each specific ELISA kit
was used to detect the expression levels of specific markers
according to manufacturer's protocol.

Reverse transcription-quantitative PCR (RT-gPCR) assay.
Total RNA was acquired using TRIzol® (Invitrogen; Thermo
Fisher Scientific, Inc.) according to the procedure provided
by the manufacturer. RNA concentration was detected
using NanoDrop™ 2000 spectrophotometer (Thermo Fisher
Scientific, Inc.). Total RNA was transformed into cDNA by
HiScript 1st Strand cDNA Synthesis Kit (Vazyme Biotech
Co., Ltd.) according to the manufacturer's instructions.
Subsequently, cDNA was used for amplification. RT-qPCR
was performed with a SYBR-Green PCR kit (Vazyme Biotech
Co., Ltd.) as determined by the manufacturer's instructions.
Thermocycling conditions were used as follows: Initial dena-
turation at 94°C for 15 min; followed by 38 cycles at 94°C for
15 sec (denaturation), 60°C for 15 sec (annealing) and 72°C



EXPERIMENTAL AND THERAPEUTIC MEDICINE 23: 193, 2022 3

for 15 sec (extension). GAPDH was used as an endogenous
control. The 2224 method (24) was used to quantify relative
gene expression. The primer sequences for gPCR were as
follows: GAPDH forward, 5'-CTTTGGTATCGTGGAAGG
ACTC-3" and reverse, 5'-GTAGAGGCAGGGATGATGTTC
T-3"; p38 forward, 5-GACGAATGGAAGAGCCTGAC-3'
and reverse, 5'-AGATACATGGACAAACGGACA-3'; p65
forward, 5'-ACCAACACAGACCCAGGGAGT-3' and reverse,
5-CAGTCACCAGGCGAGTTATAG-3'.

Western blot analysis. The total protein from the mouse
nasal mucosa was obtained using RIPA buffer (Beijing
Solarbio Science & Technology Co., Ltd.). A bicinchoninic
acid assay kit (Pierce; Thermo Fisher Scientific, Inc.)
was used to quantify the total protein. Equal amounts of
proteins (20 pg protein per lane) were separated by 12%
SDS-PAGE for 40 min and subsequently transferred to
polyvinylidene fluoride membranes. The membranes were
blocked at room temperature for 1.5 h with 5% non-fat milk
to prevent non-specific binding and subsequently incubated
with primary antibodies including anti-phosphorylated
(p)-p65 (1:1,000; product code ab86299), anti-p65 (1:1,000;
product code ab16502), anti-p38 (1:1,000; product code
ab170099) and anti-p-p38 (1:1,000; product code ab4822;
all from Abcam) at 4°C overnight. The following morning,
the membranes were incubated with HRP-linked secondary
antibody (1:2,000; cat no. 7074; Cell Signaling Technology,
Inc.) at room temperature for 2 h. The protein bands were
visualized by enhanced chemiluminescence method
(Cytiva). GAPDH (1:1,000; product code ab181602; Abcam)
was used as the loading control for normalization. ImagelJ
v.2.0 software (National Institutes of Health) was used to
quantify the band intensity.

Statistical analysis. Experiments were repeated three times.
Data are presented as the mean + SD from at least three
independent experiments. The results were analyzed using
GraphPad Prism 6.0 (GraphPad Software, Inc.) software.
Statistical significance of the differences between groups was
determined by one-way ANOVA followed by Tukey's post
hoc test. The data were estimated from three independent
experiments. P<0.05 was considered to indicate statistically
significant differences.

Results

Effects of lidocaine on AR mice. To explore the role of lido-
caine in AR, an AR mouse model was initially established.
Different concentrations (1, 3 and 5 mg/kg/day) of lidocaine
were injected into mice by intranasal administration. The
results indicated that the frequency of sneezing and nose
rubbing of the mice in the AR group was significantly higher
compared with that of the control group. In addition, lido-
caine reduced the frequency of nose rubbing (Fig. 1A) and
sneezing (Fig. 1B) in AR mice in a dose-dependent manner.
Furthermore, the expression levels of OVA-specific IgE and
LTC4 were increased in serum and NLF in the AR group.
However, lidocaine significantly inhibited OVA-specific
IgE expression (Fig. 1C and D) and LTC4 expres-
sion (Fig. 1E and F).

Effects of lidocaine on inflammatory cells in AR mice.
Subsequently, the number of inflammatory cells was exam-
ined. The numbers of leukocytes, eosinophils, neutrophils and
lymphocytes were significantly increased in the AR group,
whereas lidocaine decreased the numbers of leukocytes,
eosinophils, neutrophils and lymphocytes (Fig. 2A-D) in AR
mice.

Effects of lidocaine on the inflammatory response of AR
mice. The ability of lidocaine to affect the T helper type
(Th)1/Th2/Th17 imbalance was assessed in AR mice. The
expression levels of the inflammatory factors IL-4, IL-5,1L-13,
IL-17, TNF-a and IFN-y were determined by ELISA. The
results indicated that IL-4, IL-5, IL-13, IL-17 and TNF-a were
positively expressed in the serum of AR mice, whereas the
release of IFN-y and IL-2 was significantly reduced. However,
lidocaine caused a downregulation in the expression levels
of IL-4, IL-5, IL-13, IL-17 and TNF-a, whereas it increased
IFN-y and IL-2 release in AR mice (Fig. 3A-G).

NF-kB and p38 MAPK signaling pathways are involved
in the lidocaine-mediated reduction of AR in mice.
Subsequently, the expression levels of the proteins associated
with the NF-kB and p38 MAPK signaling pathways were
examined by western blot analysis. The results indicated that
the expression levels of p-p65 and p-p38 were upregulated
in the AR group and the corresponding ratios of p-p65/p65
and p-p38/p38 were increased. Lidocaine decreased p-p38
and p-p65 expression and reduced the ratio of p-p65/p65 and
p-p38/p38 (Fig. 4A-C). The mRNA expression levels of p65
and p38 were not significantly different among all groups
(Fig. 4D and E).

NF-kB inhibitor (IMD-0354) and p38 MAPK inhibitor
(SB 203580) suppress the expression levels of the proteins
associated with the NF-xB and p38 MAPK signaling path-
ways. To further investigate the roles of the NF-xB and p38
MAPK signaling pathways in the development of AR in
mice, AR mice were treated with IMD-0354 (5 mg/kg) or SB
203580 (2 mg/kg) by intranasal administration. The NF-kB
inhibitor IMD-0354 suppressed p-p65 protein expression
and reduced the ratio of p-p65/p65 compared with that of the
AR group (Fig. 5A and B). However, the mRNA expression
levels of p65 did not change significantly between the groups
(Fig. 5C). The p38 MAPK inhibitor SB 203580 suppressed
p-p38 protein expression (Fig. 5D) and reduced the ratio of
p-p38/p38 (Fig. 5D and E). However, the mRNA expression
levels of p38 did not change significantly between the different
groups examined (Fig. 5F).

Effects of the NF-kB and p38 MAPK inhibitors on AR mice.
Subsequently, the effects of IMD-0354 and SB 203580
were investigated on the nasal symptoms of AR mice. Both
IMD-0354 and SB 203580 reduced the frequency of sneezing
and nose rubbing of the mice compared with that of the AR
group (Fig. 6A and B). In addition, the expression levels of
OVA-specific IgE and LTC4 were increased in the serum
and NLF derived from the AR group. However, IMD-0354
and SB 203580 significantly inhibited OVA-specific IgE
(Fig. 6C and D) and LTC4 (Fig. 6E and F) expression levels.
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Figure 1. Lidocaine exhibits a relief effect on allergic rhinitis mice. (A) The frequency of nose friction was recorded within 30 min following the last OVA
sensitization on day 34 and the symptom score was estimated as described in the Materials and methods section. (B) Recording of frequency of sneezing.
(C and D) ELISA was used to determine OVA-specific IgE expression. (E and F) ELISA was used to determine LTC4 expression. “P<0.01 vs. Control group;
"P<0.05, "P<0.01 vs. AR group. AR, allergic rhinitis; OVA, ovalbumin; IgE, immunoglobulin E; LTC4, leukotriene C4.

Effects of the NF-kB and the p38 MAPK inhibitors on inflam-
matory cells in AR mice. The number of inflammatory cells
was also counted. The data indicated that IMD-0354 and
SB 203580 decreased the numbers of leukocytes, eosinophils,
neutrophils and lymphocytes compared with those of the AR

group (Fig. 7).

Effects of the NF-kB and MAPK inhibitors on the inflammatory
response of AR mice. ELISA was used to detect the expression
levels of the inflammatory markers IL-4, IL-5, IL-13, IL-17 and
TNF-a. The data indicated that their expression levels were
downregulated in the AR + IMD and AR + SB groups, whereas
the release of IFN-y and IL-2 was significantly increased (Fig. 8).
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Figure 2. Lidocaine exhibits inhibitory effects on the release of inflammatory cells in allergic rhinitis mice. (A) The number of leukocytes was counted by a
hemocytometer. The numbers of (B) eosinophils, (C) neutrophils and (D) lymphocytes were counted by Wright's-Giemsa staining. “P<0.01 vs. Control group;

"P<0.05, P<0.01 vs. AR group. AR, allergic rhinitis.

Discussion

Lidocaine is a local anesthetic used clinically, which can
usually prevent arrhythmia and it can also block nerve
conduction. Its mechanism of action involves the inhibition
of the voltage-gated sodium channels, which reduces neuro-
pathic pain and chronic pain tolerance (25). Furthermore,
the anti-inflammatory effects of lidocaine have also been
confirmed (19-21). However, to the best of our knowledge,
the role of lidocaine in AR (a chronic inflammatory disease)
has not been previously reported. In the present study, an AR
mouse model was established as previously described (22).
AR is an inflammatory disease, which mainly occurs
during spring and autumn. AR manifestations mainly involve
repeated sneezing, nasal congestion, itchy nose, rhinorrhea and
tearing (26,27). Previous studies demonstrated that the average
incidence of AR was 10-20% in 2013 and that the number was
constantly increasing every year (28,29). Therefore, it is urgent
to identify new targets for AR. The present study investigated
the effects of lidocaine on AR through intranasal administra-
tion. However, whether nasal drip will affect the sense of smell
and whether it affects the ciliary swing of the nose were not
evaluated in this study, and this was a limitation of the present
study. The results indicated that lidocaine relieved allergic

inflammation, which significantly reduced the frequency
of sneezing and nose rubbing in mice in a dose-dependent
manner. Lidocaine further decreased OVA-specific IgE and
LTC4 expression. It should be noted that the representative
images of nasal mucosa morphology and eosinophils stained
by Giemsa will render our results more convincing, and the
absence of these images was a further limitation of the present
study.

IgE-mediated release of inflammatory mediators such as
histamine, with the participation of a variety of pro-inflam-
matory cells, immunocompetent cells and cytokines, a variety
of inflammatory factors, promote the development of AR (1).
Suppression of the release of inflammatory factors in the
serum of the patient can significantly reduce the inflammatory
response in the body of the patient and relieve the symptoms
of AR (30,31). It has been previously reported that the develop-
ment of AR is mediated via an imbalance between Th1 and Th2
cells (32). Li er al (33) indicated Th17/Treg cell imbalance in
patients with AR. In addition, allergic inflammation is mainly
controlled by the Th2-mediated immune response (34,35).
It has also been revealed that Th2 cell depletion can inhibit
allergic inflammation in AR. IL-4 is involved in allergic
reactions (36). IL-5 is the main differentiation and maturation
factor of eosinophils and contributes to eosinophil activation,
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Figure 3. Lidocaine suppresses the inflammatory response in allergic rhinitis mice. The expression levels of (A) IL-4, (B) IL-5, (C) IL-13, (D) IL-17, (E) TNF-a,
(F) IL-2 and (G) IFN-y in different groups. “P<0.01 vs. Control group; “P<0.05, “P<0.01 vs. AR group. AR, allergic rhinitis.

development and survival (37). TNF-a is released by mast
cells and eosinophils and is essential for the development of
AR (38). The data of the present study indicated that lidocaine
decreased the expression levels of 1L-4, IL-5, IL-13, IL-17
and TNF-a. However, a previous study indicated that IFN-y
expression was downregulated in AR mice (39). The present
study demonstrated that IFN-y was negatively expressed in
AR and that its expression was upregulated following lido-
caine treatment, which is consistent with previously reported
findings. IL-2 exhibited similar expression levels as IFN-v.
NF-«B has long been considered a prototypical proinflam-
matory signaling pathway, largely based on NF-«xB activation
induced by proinflammatory cytokines such as IL-1 and
TNF-a, and the role of NF-kB in the expression of other
proinflammatory genes including adhesion molecules, chemo-
kines, and cytokines (40). Activation of the mitogen-activated

protein kinase (MAPK) pathways, including p38, is also
required for NF-kB subunit p65 transactivation (41). The p38
MAPK belongs to the MAPK family, the members of which
are important signal transducers. In the immune system, the
p38 MAPK signaling cascade plays a key role in the regula-
tion of innate and adaptive immunity (42). p38 MAPK has
been revealed to regulate the activity of the regulator of the
IL-4 and IL-5 promoter in T cells, and regulate Th2-specific
transcription factor GATA-3 (43). p38 MAPK is also known
to upregulate specific cytokines such as IL-6, IL-8, and
TNF-a in some biological contexts (44). Previous studies have
indicated that the NF-xB signaling pathway mediated AR
inflammation (39,45). Studies have also revealed the important
role of p38 MAPK in AR (46,47). The present study further
indicated that lidocaine relieved AR in mice via the NF-xB
and p38 MAPK signaling pathways. Lidocaine inhibited both
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Figure 4. Lidocaine relieves allergic rhinitis via activation of the NF-kB and p38 MAPK signaling pathways. (A) Western blot analysis was used to determine
p-p38 and p-p65 protein expression. (B) The ratio of p-p65/p65. (C) The ratio of p-p38/p38. (D) The RT-qPCR assay was used to determine p65 mRNA
expression levels. (E) The RT-gPCR assay was used to determine p38 mRNA expression levels. “P<0.01 vs. Control group; “P<0.05, 7"P<0.01 vs. AR group.
AR, allergic rhinitis; p-, phosphorylated; RT-qPCR, reverse transcription-quantitative PCR.
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Figure 5. NF-xB and p38 MAPK inhibitors suppress p-p65 and p-p38 expression. (A) Western blot analysis was used to determine p-p65 protein expression.
(B) Estimation of the p-p65/p65 ratio. (C) RT-qPCR assay was used to detect p65 mRNA expression levels. (D) Western blot analysis was used to determine
p-p38 expression levels. (E) Estimation of the p-p38/p38 ratio. (F) RT-qPCR assay was used to detect p38 mRNA expression levels. “P<0.01 vs. AR group.
AR, allergic rhinitis; p-, phosphorylated; RT-qPCR, reverse transcription-quantitative PCR; IMD, IMD-0354; SB, SB 203580.

NF-«B and p38 MAPK signaling pathway activation in AR
mice. However, which was the target of lidocaine remains
to be explored. Thus, lack of identification of the target of
lidocaine was a limitation of the present study. Since multiple

studies (18,48-51) have revealed that lidocaine inhibits the
activation of NF-kB and p38 MAPK, it was hypothesized that
both NF-kB and p38 MAPK may be the targets of lidocaine.
Moreover, as it is well known, the activation of MAPK/NF-«xB
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Figure 6. NF-kB and p38 MAPK inhibitors induce a relief effect on allergic rhinitis mice. (A) The frequency of nose friction was recorded within 30 min
following the last OVA attack on day 34 and the symptom score was calculated as described in the Materials and methods section. (B) The frequency of
sneezing was assessed. ELISA was used to assess (C and D) OVA-specific IgE expression and (E and F) LTC4 expression, in serum and nasal lavage fluid.
“P<0.01 vs. AR group. AR, allergic rhinitis; OVA, ovalbumin; IgE, immunoglobulin E; NLF, nasal lavage fluid; LTC4, leukotriene C4.
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Figure 7. NF-xB and p38 MAPK inhibitors exert inhibitory effects on inflammatory cells in allergic rhinitis mice. (A) The number of leukocytes was counted
using a hemocytometer. The numbers of (B) eosinophils, (C) neutrophils and (D) lymphocytes were counted by Wright's-Giemsa staining. “P<0.01 vs. AR
group. AR, allergic rhinitis; IMD, IMD-0354; SB, SB 203580.
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signaling pathway requires the increase in Ca*" levels in
cytosol (52). On the other hand, lidocaine exerts analgesic
effects through the blocking of sodium channels (53). The
reason why the blocker of sodium channels, lidocaine, is
able to inhibit the MAPK/NF-«B signaling pathway through
blocking remains to be explored. These issues will be studied
in the future. The association between the NF-kB and the
p38 MAPK signaling pathways with AR was assessed by
treatment of the mice with NF-xB and p38 MAPK signaling
pathway inhibitors. The results indicated that these two inhibi-
tors exhibited similar inhibitory effects on AR. Unfortunately,
only one dose of NF-kB and p38 MAPK signaling pathway
inhibitors was studied, and this was a limitation of the present
study. Moreover, which pathway is more prominent/significant
was not investigated in the present study.

In conclusion, the results of the present study confirmed
that lidocaine relieved AR in mice by regulating the NF-«B and
p38 MAPK pathways. However, this study is only a prelimi-
nary study of the role of lidocaine in AR. In order to render the
effect of lidocaine on AR more convincing, extensive in-depth
research is required. For example, examination of the levels
of neuropeptides, which are well known to be responsible for
the development of clinical symptoms of allergic rhinitis, in
NLFs should be performed. In addition, which cells, within
the mucosa tissue (epithelial, immune cells), were modulating
p38 MAPK and NF-«B after treatment with lidocaine need to
be identified.
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