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Abstract

Objective. In this study, the authors examined the effects of
acupuncture and moxibustion on the expression of various
inflammatory cells and mediators in the nasal mucosa of an
allergic rhinitis (AR) animal model.

Study Design. Randomized controlled animal study.

Setting. Animal laboratory in a Dongguk University.

Subjects and Methods. Twenty-eight BALB/c mice were divided
into 4 groups: control, levocetirizine (Lcz), moxibustion (Mox),
and acupuncture (Acu). To induce AR, mice were intraperito-
neally sensitized to ovalbumin (OVA) and challenged with intra-
nasal OVA. At 7 days following the final sensitization and every
day for a further 7 days, the Lcz group was orally administered
levocetirizine (50 mg/kg), the Mox group was subjected to 5
seconds of moxibustion stimulation at the juncture of the
medial canthus and nostril, and the Acu group was subjected
to 30 seconds of acupuncture stimuli at the same point. The
authors measured the degree of positive reaction to substance
P, STAT6, nuclear factor kappa B (NFkB), and iNOS via immu-
nohistochemical staining of the nasal mucosa.

Results. The degree of positive reaction to substance P,
STAT6, NFkB, and iNOS was markedly decreased in the
treatment groups compared to that in the control group.
Notably, the above indices were most significantly decreased
in the Acu group, followed by the Mox group and then the
Lcz group (P = .000).

Conclusion. In an allergic rhinitis animal model, acupuncture
and moxibustion are shown to exhibit an antiallergic effect
and exert their effects by reducing the expression of sub-
stance P, STAT6, NFkB, and iNOS.

Keywords

acupuncture, moxibustion, allergic rhinitis, substance P,
signal transducer and activator of transcription 6 (STAT6),
nuclear factor kappa B (NFkB), inducible nitric oxide
synthase (iNOS)

Received April 27, 2011; revised July 29, 2011; accepted August 8,

2011.

A
llergic rhinitis (AR) is a disease characterized by mul-

tiple symptoms, including sneezing, itching, nasal

congestion, and rhinorrhea; and it often remains unde-

tected despite its high prevalence (3%-19%). Pollen, molds,

house dust mites, and animal dandruff are among the known

factors that induce AR.1 AR is a significant burden for individ-

ual patients and society as a whole because its symptoms lead

to inconveniences in daily life, sleep disorders, and low pro-

ductivity. These symptoms have adverse effects on academic

achievement and industrial productivity, resulting in increased

socioeconomic costs and lower quality of life.2,3

Approaches to the treatment of AR can be broadly divided

into avoidance, drug therapy, and immunotherapy. Avoidance

is the safest mode of treatment but is often insufficient to

obtain satisfactory results. Antihistamine medications and

intranasal injection of steroids have significant effects but are

simply used for easing the associated symptoms and, in gen-

eral, necessitate repeated treatment sessions over the lifetime

of adult patients. Immunotherapy is a fundamental treatment

method that induces immunologic tolerance through hypoder-

mic injection of antigen; but it has several disadvantages,

such as several years of therapy, high cost, use of an injector,

and risk of anaphylaxis.4 Furthermore, many patients dislike

having to take daily medication merely for prevention.

Therefore, there is an urgent need for new noninvasive, drug-

free treatment solutions with enhanced safety profiles.

Acupuncture has already been confirmed as safe in previ-

ous investigations.5,6 Moxibustion is a kind of thermal ther-

apy and entails burning the moxa herb, Artemisia vulgaris,

on or above the skin at acupuncture points. It has been a

part of acupuncture practice for thousands of years in Asian

countries.7
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Most previous studies on the effects of acupuncture and

moxibustion on AR have been randomized clinical trials,

with 12 reports published on this topic to date. According to

these reports, acupuncture and moxibustion generally relieve

the symptoms of rhinitis. Systemic reviews were reported

steadily during 2008 and 2009,8,9 and an earlier thesis ana-

lyzed the cost-effectiveness of this form of treatment.10 In

view of the finding that acupuncture is effective for inflam-

matory disease, it is essential to understand the mechanisms

underlying the effects of acupuncture stimulation on humans;

the best approach to achieving this goal is through studies on

inflammatory/infectious animal models.11 The current study

was conducted to establish whether mechanical and chemical

stimulation with acupuncture and moxibustion applied to the

region around the nasal cavity affects inflammatory media-

tors, similar to the way medication affects them.

AR includes early, late, and chronic responses occurring

between inflammatory cells and inflammatory mediators

induced by allergen. These inflammatory responses trigger

several symptoms characteristic of AR. Signal transducer

and activator of transcription 6 (STAT6) is involved in the

production of interleukin (IL)–4, a helper T cell type 2

(Th2) cytokine that plays an important role in allergic dis-

ease.12 Inducible nitric oxide synthase (iNOS) is involved in

the production of nitric oxide (NO), which increases the

mucociliary movement of paranasal mucosa,13 and nuclear

factor kappa B (NFkB) is the most important transcription

factor in iNOS gene expression.14 Substance P is a proin-

flammatory neuropeptide involved in histamine release.15,16

To establish whether acupuncture and moxibustion effec-

tively alleviate inflammation of the nasal mucous membrane

caused by allergy and to determine the underlying mechan-

isms, we generated mouse models through an ovalbumin

(OVA) challenge and compared the effects of acupuncture

and moxibustion stimulation with that of the antihistaminic

drug, levocetirizine, on substance P, STAT6, NFkB, and

iNOS expression in the nasal mucosa of mice.

Materials and Methods
Animals

Six-week-old BALB/c female mice were obtained from the

Daehan Experimental Animal Center and maintained in our

animal facility at 26 6 2�C for 2 weeks before use. Mice

weighing 18 to 20 g were selected for experiments. The

Dongguk University Committee on Animal Welfare

approved the animal protocols used in this study.

Production of the AR Model

The murine AR model was established in previous studies.17

Twenty-eight mice were divided randomly into 4 groups—

specifically, control (Con, n = 7), levocetirizine (Lcz, n =

7), moxibustion (Mox, n = 7), and acupuncture (Acu, n =

7). Mice received an intraperitoneal (IP) injection of 1 mL

of OVA (chicken OVA, grade V; Sigma, St Louis,

Missouri) complexed with 1 mg of Al(OH)3 (alum) on days

0, 7, and 14. On days 21, 23, and 25, mice were challenged

intranasally with 0.1% OVA 3 times. Success of induction

was determined based on nasal discharge and nose scratch-

ing behavior.

Treatment Procedures

Each treatment was performed every day for 7 days a week

after the final sensitization.

In the Lcz group, levocetirizine (50 mg/kg) was adminis-

tered orally every day. Hair of mice in the Mox group was

shaved widely around the juncture of the medial canthus and

nostril. Around 0.4 mg of moxa (DB200 Moxa-High Quality;

Dongbang Acupuncture, Chungcheongnam-do, Korea),

shaped like a corn kernel 1 mm in diameter and 2.5 mm in

height, was applied to skin, fixed with forceps, ignited, and

maintained for 5 seconds. In the Acu group, hair of mice was

shaved widely around the juncture of the medial canthus and

nostril. Disposable intradermal needles (0.12 3 4 mm, stain-

less steel; Haeng Lim Seowon Medical, Seoul, Korea) were

embedded for 30 seconds and removed (Figure 1).

Changes in the Eosinophil Content

To determine the blood eosinophil count, a representative indi-

cator of AR, blood was collected through cardiac puncture and

diluted in Hinkelmann solution, and eosinophils were counted

using a Neubauer chamber (Superior, Marienfeld Germany).

i i l

Figure 1. A flow diagram of this study. Acu, acupuncture; Con, con-
trol; iNOS, inducible nitric oxide synthase; IP, intraperitoneal; Lcz,
levocetirizine; Mox, moxibustion; NFkB, nuclear factor kappa B; OVA,
ovalbumin; STAT6, signal transducer and activator of transcription 6.
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Tissue Preparation

Seven days after the final allergen inoculation, mice were

killed and decapitated. Mouse heads were fixed in 10% neu-

tral buffered formalin for 24 hours at room temperature,

decalcified for 24 hours with Calci-Clear Rapid (Diagnostics,

Atlanta, Georgia) at room temperature, washed in running

water, and made into paraffin blocks. The blocks were sliced

into 5-mm sections.

Immunohistochemical Detection of Substance P,
STAT6, NFkB, and iNOS in the Nasal Mucosa

Sections were subjected to proteolysis with proteinase K (20

mg/mL) for 5 minutes and subsequently reacted with 10%

normal goat blocking serum (DAKO, Glostrup, Denmark)

for 2 hours. Next, sections were incubated for 72 hours at

4�C in blocking solution containing mouse antimouse sub-

stance P (1:100; Santa Cruz Biotech, Santa Cruz,

California), mouse antimouse STAT6 (1:100; Santa Cruz

Biotech), mouse antimouse NFkB (1:500; Santa Cruz

Biotech), or mouse antimouse iNOS (1:250; Santa Cruz

Biotech) antibody. After washing, sections were incubated

with biotinylated goat antimouse Immunoglobulin G (IgG)

secondary antibody (1:100; Santa Cruz Biotech) in a humi-

dified chamber for 24 hours at 4�C, followed by avidin-

biotin complex (ABC kit; Vector Lab, Burlingame,

California) at room temperature for 1 hour. Sections were

developed in 0.05 M Tris-HCl buffer solution (pH 7.4) con-

taining 0.05% 3,3#-diaminobenzidine (Sigma) and 0.01%

HCl and subjected to contrast staining with hematoxylin.

Statistics

Positive reactions were visualized by incubating slides with

stable 3,3#-diaminobenzidine and counterstaining with

Mayer’s hematoxylin. Slides were dried and mounted with

Universal mount and images digitized using a Sony 3CD

color video camera (Sony Corp, Tokyo, Japan) and a per-

sonal computer equipped with Optimas Image Analysis

Software (Optimas Corp, Bothell, Washington).

Results are presented as mean 6 SEM and 95% confidence

intervals. Statistical differences among groups were determined

with the nonparametric Kruskal-Wallis test by ranks using

Stata/SE software (version 9.0; Stata Corp, College Station,

Texas). When the differences were statistically significant,

comparisons between pairs of groups were made using a

Bonferroni correction for multiple comparisons. A P value less

than .05 was considered statistically significant.

Results

To test our initial hypothesis that acupuncture and moxibus-

tion stimulation lead to decreases in the intramural sub-

stance P, STAT6, NFkB, and iNOS levels and consequently

inhibit Th2 cell differentiation induced by OVA, we treated

OVA-sensitized mice with acupuncture, moxibustion, and

the antihistaminic drug, levocetirizine, every day for 7 days

and examined changes in the inflammatory mediators in the

nasal mucosa as well as the eosinophil count from sampled

blood. No adverse effects of treatment were evident in any

of the experimental groups studied.

Eosinophil Count in Blood

Treatment led to significant inhibitory effects on the inflam-

matory response. OVA-induced eosinophil production in

blood was markedly suppressed following acupuncture and

moxibustion stimulation. Compared to mice left untreated

after OVA challenge, acupuncture stimulation induced a

69% decrease in the blood eosinophil count, and moxibus-

tion decreased the count by 57% and levocetirizine by 44%

(P \ .000; Figure 2).

Immunohistochemical Detection of Substance P,
STAT6, NFkB, and iNOS in the Nasal Mucosa

Expression of STAT6, NFkB, and iNOS is directly related

to allergic inflammation of the nasal mucosa. To establish

whether acupuncture and moxibustion affect these inflam-

matory mediators, we performed histological analysis via

staining with anti-STAT6, anti-NFkB, and anti-iNOS anti-

bodies. Positive responses for STAT6, NFkB, and iNOS

were observed in the mucosa around goblet cells, whereas

the cytoplasm around nuclei and the nuclear membrane

showed strong positive staining for NFkB. Expression of

STAT6, NFkB, and iNOS was high in the control group left

untreated after OVA challenge. The Lcz group displayed

significant decreased levels of STAT6, NFkB, and iNOS in

the nasal mucosa. Surprisingly, STAT6, NFkB, and iNOS

expression was markedly inhibited in the Acu and Mox

groups but to a greater extent than in the Lcz group (P \
.000; Table 1, Figure 3).

*, P = 0.000

, P = 0.000

, P = 0.000

Figure 2. The effect of acupuncture and moxibustion on eosino-
phils in an ovalbumin (OVA)–induced allergic rhinitis model.
Groups of mice were OVA sensitized and treated with levocetiri-
zine (Lcz), moxibustion (Mox), or acupuncture (Acu) for 7 days.
Results are expressed as box plots. Horizontal lines represent the
median, squares the 25th and 75th percentiles, and error bars the
10th and the 90th percentiles. *P \.000 compared with control
group; yP \.000 compared with levocetirizine group; zP \.000
compared with moxibustion group.
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In addition to their effects on reducing the expression of

STAT6, NFkB, and iNOS, acupuncture and moxibustion stimu-

lation suppressed substance P. A positive response for substance

P was observed in the submucosal layer around goblet cells;

and there was a strong positive response in the cytoplasm.

Image analysis revealed a significant decrease in the substance

P level in the nasal mucosa in all 3 groups, with the greatest

reduction in the Acu group (P \ .000; Table 1, Figure 3).

In summary, our findings clearly indicate that acupunc-

ture and moxibustion alleviate nasal mucosa damage

induced by OVA challenge through the regulation of Th2

cell differentiation and exert an anti-inflammatory effect.

Moreover, these effects were more significant in the acu-

puncture and moxibustion groups, compared to medication

with levocetirizine.

Discussion

The present study evaluated the effectiveness of acupunc-

ture and moxibustion therapy for AR. The use of acupunc-

ture in treating allergic disease has physiological validity.

Earlier small-scale studies have reported that acupuncture

regulates cytokine and other anti-inflammatory mediators,

even if it does not necessarily have an anti-inflammatory

effect or inhibit allergic disease.8

Moxibustion may produce its potent therapeutic effects

by thermal action.18 As this is an animal experiment on the

efficacy of moxibustion to provide reference data for human

studies, we used the direct moxibustion method. Direct

moxibustion has a risk of burn and causes severe pain on

ignition. In actual clinical practices, both efficacy and safety

are considered. Therefore, for humans, it will be more

adequate to apply indirect moxibustion that uses pads of

medicinal substance and moxa sticks. This method has long

been used on the face. Many oriental medicine doctors

prefer the combined therapy of moxibustion and acupunc-

ture. Accordingly, when applying moxibustion or acupunc-

ture on the face, besides moxibustion or acupuncture in

traditional ways, we may consider treatment methods in

combination with modern physical techniques: point electro-

thermal moxibustion therapy, laser radiation therapy, infra-

red radiation, ultraviolet radiation, and so on.

In an effort to develop alternative treatment options, we

induced inflammation in the nasal mucosa of mice through

OVA challenge and examined the anti-inflammatory effects

and underlying mechanisms of acupuncture and moxibustion

in relation to levocetirizine.

Immune cell mediators include mast cells, eosinophils,

basophils, and T lymphocytes. In particular, eosinophils play

an important role in the allergic inflammatory response.

These cells cause inflammation in allergic disease, and due to

the presence of IgE receptors in the membrane, eosinophils

are involved in the IgE-mediated inflammatory response. In

addition, major basic protein, an eosinophil granular protein

that damages airway epithelial cells and causes cell deletion,

secretes platelet-activating factor and leukotrienes, among

other factors.19 Eosinophils are driven from Th2 cells. In this

study, blood eosinophil count, a hallmark of AR, was

assessed after OVA challenge. Compared to the control

Table 1. Mean Difference Scores (Control Minus Experimental) for 3 Groups on Substance P, STAT6, NFkB, and iNOSa

Groups Con (n = 7) Lcz (n = 7) Mox (n = 7) Acu (n = 7) P Valueb

Substance P

Mean 5335 6 86 2090 6 64 1733 6 59 1053 6 28

Difference score 3245 6 26* 3602 6 42*y 4282 6 31*yz .001

95% CI 3188-3301 3513-3691 4215-4348

STAT6

Mean 5740 6 68 3180 6 56 2196 6 44 1335 6 34

Difference score 2559 6 29* 3544 6 37*y 4404 6 28*yz .001

95% CI 2498-2620 3465-3622 4344-4464

NFkB

Mean 4460 6 67 3368 6 64 2449 6 57 1125 6 51

Difference score 1092 6 29* 2011 6 28*y 3335 6 34*yz .001

95% CI 1031-1152 1952-2070 3264-3406

iNOS

Mean 5354 6 68 2829 6 50 2234 6 54 1809 6 42

Difference score 2525 6 38* 3120 6 36*y 3545 6 36*yz .001

95% CI 2444-2605 3044-3196 3468-3621

Abbreviations: CI, confidence interval; Con, control group; Lcz, levocetirizine group; Mox, moxibustion group; Acu, acupuncture group; STAT6, signal trans-

ducer and activator of transcription 6; NFkB, nuclear factor kappa B; iNOS, inducible nitric oxide synthase.
aImage analysis for 100,000 particles/range of intensity: 80-130. Results are expressed as the mean 6 SEM and 95% CI.
bThe levels of significance in comparison with control values (Kruskal-Wallis test followed by Bonferroni correction):

*P = .000 compared with Con.

yP = .000 compared with Lcz.

zP = .000 compared with Mox.
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group, the Acu and Mox groups showed a statistically signifi-

cant decrease in blood eosinophil count, implying that both

stimuli exert their anti-inflammatory effects via a common

mechanism of inhibition of eosinophil production.

Cytokines, chemical mediators of inflammation, are inter-

cellular messenger peptides that play an important role in regu-

lating eosinophil function. Interleukin-4 regulates the activity

of cluster of differentiation 4 (CD41) lymphocytes in particu-

lar and also activates neutrophils.19 The transcription factor of

IL-4, STAT6, is essential for Th2 cell differentiation. STAT6

supplements Th2 and regulates the functions of reactors in

allergic inflammation. The characteristics of asthma are lost in

STAT6-deficient mice.20 Therefore, STAT6 signal blocking

may be an effective new approach for treating airway allergic

disease.21 To determine whether acupuncture and moxibustion

affect Th2 cytokine production, we assessed STAT6 expres-

sion via immunohistochemical staining. The Acu- and Mox-

treated groups showed significant reductions in the STAT6

level (by 77% and 62%, respectively) in relation to the control

group, suggesting that acupuncture and moxibustion affect the

mechanism of Th2 cell differentiation.

Nitric oxide is another chemical mediator, and the iNOS

level is increased in mice with AR. Nitric oxide regulates

airway function and plays an important role in the pathogen-

esis of inflammatory lung disease. Therefore, inhibition of

iNOS is an important part of respiratory system treatment.22

Recent studies have reported that a selective iNOS inhibitor

effectively alleviates airway hyper-responsiveness and eosi-

nophil accumulation.23 Acupuncture exerts an antagonistic

effect against NO secretion by simulating the afferent

nerves of muscle and blood circulation through autonomic

nerve reflex and dilating vessels, consequently making N-

nitro-L-arginine methyl ester (L-NAME) disappear.24

NFkB is a quick-responding transcription factor found

commonly in cells involved in immune and inflammatory

responses. NFkB plays an important regulatory role in vari-

ous inflammatory diseases, such as asthma.25 Das et al26

reported that NFkB inhibits the expression of GATA-binding

protein 3 (GATA-3), which plays a decisive role in Th2 dif-

ferentiation and expression of transcription factors, and sup-

presses allergic inflammation. Studies using mice showed

that NFkB is critical in Th2 cell differentiation and is there-

fore required for the induction of respiratory infection and

airway remodeling. In our experiments, the control group dis-

played high iNOS and NFkB levels in the nasal mucous

membrane, which were decreased with acupuncture and mox-

ibustion stimulation. Factors that regulate activation of iNOS

and NFkB are likely to be therapeutic indicators, and thus

acupuncture and moxibustion may be applicable as effective

treatment methods for inflammation in the nasal mucous

membrane.

Substance P, a neuropeptide, is a densely distributed in-

nerve fiber tissue of the nasal mucous membrane. Substance

P is believed to be secreted from neuroterminals if histamine

is secreted from mast cells as a result of antigen challenge.27

Previous investigations have focused mainly on the anti-

inflammatory effects of drugs. In this study, we have established

that mechanical and chemical stimulation through acupuncture

and moxibustion without medication inhibits immunity and

inflammation-related signal transduction, similar to the effects

Figure 3. Immunohistological examination of nasal mucosa treated with levocetirizine (Lcz), moxibustion (Mox), or acupuncture (Acu) for
7 days. Mice were sensitized and challenged with ovalbumin (OVA). Control group of mice was not treated, whereas the other group of
mice was treated with Lcz, Mox, and Acu for 7 days. After treatment, immunohistochemistry was carried out using paraffin-embedded
nasal mucosa tissues and primary mouse antimouse substance P antibody (1:100), mouse antimouse signal transducer and activator of tran-
scription 6 (STAT6) antibody (1:100), mouse antimouse nuclear factor kappa B (NFkB) antibody (1:500), and mouse antimouse inducible
nitric oxide synthase (iNOS) antibody (1:250). Original magnification 31000. Expression of substance P, STAT6, NFkB, and iNOS was inhib-
ited in Lcz-, Mox-, and Acu-treated mice compared with untreated control (Con) mice.
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of medication. The (im)balance between T helper 1 cell-derived

and T helper 2 cell-derived proinflammatory and anti-

inflammatory cytokines is reset by acupuncture.23 Our data indi-

cate that acupuncture and moxibustion alleviate AR induced by

OVA, and the underlying mechanisms of action appear closely

related to the inhibition of signal transduction involved in

immunity and inflammation (STAT6). These results support the

utility of acupuncture and moxibustion in AR treatment.

Conclusion

In summary, we showed the anti-inflammatory effects of

acupuncture and moxibustion on AR using mouse models.

The antiallergic and anti-inflammatory effects of acupunc-

ture and moxibustion are exerted through regulation of Th2

cell differentiation and NFkB activity, as evident from the

significant decreases in blood eosinophil count, substance P,

and activities of STAT6, NFkB, and iNOS. However, fur-

ther studies are necessary to fully elucidate the related anti-

inflammatory mechanisms of action, and the present find-

ings could serve as the basis for such studies.
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