@ﬁ SPANDIDOS
,3,‘ PUBLICATIONS

EXPERIMENTAL AND THERAPEUTIC MEDICINE 10: 407-412, 2015

Establishment of a new animal model of allergic rhinitis
with biphasic sneezing by intranasal sensitization
with Staphylococcal enterotoxin B
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Abstract. Allergic rhinitis (AR) is a global health problem.
The effectiveness of currently available medications is limited
and therefore investigation for more effective drugs is essential.
The aim of the present study was to establish a model of AR in
guinea pigs that can be utilized for the further investigation of
new drugs. Guinea pigs were intranasally sensitized with 1 ug
Staphylococcal enterotoxin B (SEB) dissolved in 40 ul saline
once daily for 14 days. One week after the last sensitization, the
same treatment was applied intranasally once every four days
for a total of 30 times. In the treatment group, terfenadine was
administered orally 70 min before the 4th, 14th and 24th chal-
lenge. Sneezing and nasal scratching were evaluated following
each of the 30 challenges. The quantity of antigen-specific
antibodies in the serum was measured. Between the 19th and
30th challenges, the guinea pigs in the model group produced
significant biphasic elevations in sneezing number, with peaks
10 min-2 h and 4-8 h after the SEB challenges. In addition, the
guinea pigs produced significantly more sneezing in the first
peak during the 19th to 30th challenges than during the first
to 18th challenges (P<0.01). Terfenadine significantly inhibited
the early- and late-phase sneezing at all challenge times. The
serum levels of SEB-specific immunoglobulin (Ig) E and IgG,
were higher in the model group in comparison with those in
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the control group (P<0.01). This experiment demonstrated that
SEB can induce typical AR with biphasic sneezing in guinea
pigs. Histamine may play an important role in the early- and
the late-phase sneezing in the model of AR. This model can be
potentially used for the investigation of new drugs.

Introduction

Allergic rhinitis (AR) is an atopic disease characterized by the
clinical symptoms of sneezing, itching, rhinorrhea and nasal
blockage. Antigen provocation tests have indicated that a biphasic
reaction occurs in the respiratory tract. The early phase of the
immediate reaction starts minutes after allergen provocation.
The nasal symptoms reappear 5-10 h after allergen provoca-
tion, which is known as the late-phase reaction (LPR) (1-4). In
previous studies, the majority of patients suffering from AR
showed the above symptoms immediately, while >50% of them
developed an LPR following antigen challenge (1-4). It has been
reported that sneezing and rhinorrhea are the strongest symp-
toms during the allergic LPR (5-7), and studies have found that
>90% of patients showed nasal blockage in the LPR (8,9). There
are numerous animal models that can be used to study the LPR
of AR (10,11); however, these only show nasal blockage in the
LPR. To date, no animal models have been reported to show AR
with early- and late-phase sneezing.

Staphylococcal enterotoxin B (SEB), produced by
Staphylococcus aureus, is an exotoxin that may act as allergen
or superantigen to induce allergic disease. We have previously
described an AR model developed by repeated intranasal
instillation with SEB in guinea pigs (12). The model, which
exhibited the typical symptoms of AR, showed sneezing and
nasal scratching, thereby demonstrating that SEB has the
potential to act as a conventional allergen to induce AR. The
nasal cavity and skin of humans are the most common sites for
Staphylococcus aureus colonization (13,14). In excess of 50%
of pathogenic isolates of Staphylococcus aureus produce one or
more superantigen exotoxins (15). This increases the risk that
the atopic individual suffers from allergic disease. In the present
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study, the aim was to describe a novel method for establishing
experimental AR with early and late sneezing with SEB in
guinea pigs.

Materials and methods

Animals and materials. Male, eight-week-old, healthy Hartley
guinea pigs (250-300 g) were purchased from the Laboratory
Animal Center of Chongqing Medical University (Chongqing,
China). The animals were housed in an air-conditioned room in
which allergen-free conditions were maintained. The animals
were fed according to the Institutional Guidelines for the Care
and Use of Laboratory Animals. All experimental procedures on
animals were approved by the Ethics Committee of Chongqing
Medical University. SEB and terfenadine were purchased from
Sigma (St. Louis, MO, USA).

Sensitization and challenge. As shown in Fig. 1, guinea pigs
(n=10 per group) were intranasally sensitized with 1 yg SEB
dissolved in 40 ul saline in the absence of adjuvant once
every day for 14 days. Prior to each sensitization, the upper
airway mucosal surface was anesthetized by intranasal instil-
lation of 4% lidocaine hydrochloride solution (China Otsuka
Pharmaceutical Co., Ltd., Tianjin, China) to prevent the rapid
elimination of antigen by ciliary movement (8). One week after
the final sensitization, the same treatment was applied intrana-
sally once every four days for a total of 30 times. For the control
group, the animals were treated with the same volume of saline
instead of SEB. In addition, the effects of histamine in AR
were evaluated. In the treatment group, terfenadine (20 mg/kg)
was administered orally 70 min before the 4th, 14th and 24th
challenge. Terfenadine is an HI receptor antagonist. It has been
reported that terfenadine at the above doses significantly inhibits
allergic inflammation of the nasal cavity induced by histamine
in guinea pigs (16).

Observation of symptoms. The number of sneezes in the inter-
vals 0-10 min, 10 min-2 h, 2-4 h, 4-6 h, 6-8 h and 8-10 h after
the SEB intranasal challenge was counted. The nasal scratching
number was measured simultaneously. The symptom observa-
tion was performed manually in each animal.

Serum immunoglobulin (Ig) levels. Ten hours after the final
challenge, the guinea pigs were anesthetized intramuscularly
with urethane (1.35 g/kg; Sinopharm Chemical Reagent Co.,
Ltd., Shanghai, China). The animals were then sacrificed
by cardiac puncture and the serum was collected. Serum
SEB-specific IgG, levels were measured with indirect ELISA,
as previously described (12). In brief, the plates were coated
(100 pd/well) with 0.1 pg/ml SEB in 0.05 M NaHCO; (pH 9.6) at
4°C overnight. The plates were washed with phosphate-buffered
saline-Tween 20 and blocked (200 pl/well) with 2% bovine
serum albumin (BSA) for 2 h at 20°C and re-washed. Sera
diluted 1:100 in 0.1% BSA were incubated (100 ul/well) at 4°C
overnight. Following a washing step, 1:500 diluted horseradish
peroxidase (HRP)-goat anti-guinea pig IgG, monoclonal
antibody (mAb) (#AHP861P; AbD SeroTec, Oxford, UK) in
0.1% BSA was incubated (100 ul/well) at 20°C for 2 h, prior
to a second washing step. Tetramethylbenzidine chromogenic
reagent (100 ul; Boster Biological Technology, Ltd., Wuhan,
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China) was incubated at 20°C for 10 min and Stop Solution
(100 ul/well; Boster Biological Technology, Ltd.) was added.
Titers for SEB-specific IgG, were estimated as mean optical
density (OD) at 450 nm. SEB-specific IgG, and IgE levels were
measured by the same aforementioned method. Specific IgG,
was detected with HRP-goat anti-guinea pig IgG, mAb (1:500;
#AHP862P; AbD SercTec), and specific IgE was detected with
HRP-goat anti-mouse IgE mAb (1:500; #1110-05; Southern
Biotech, Inc., Birmingham, AL, USA).

Histological examination. Samples of nose, trachea, bronchi
and lungs were collected, fixed in formalin and embedded in
paraffin. Transverse sections were cut and stained with hema-
toxylin and eosin. Initially, eosinophil infiltration in the nasal
mucosa was observed microscopically in a high-power field.
A total of 200 leukocytes were then counted microscopically
(magnification, 10x100) in total. The percentage of eosinophils
among the total leukocytes was counted.

Statistical analysis. All results with a normal distribution are
expressed as the mean + standard deviation. Comparisons
of means between different groups were performed with a
Student's t-test (two groups). Data presenting in a non-normal
distribution are expressed as median (Q). Statistical analyses
were performed with the Wilcoxon test. P<0.05 was considered
to indicate a statistically significant difference.

Results

Changes in the sneezing and nasal scratching number. Between
the first and 12th challenges, the guinea pigs in the model group
produced a high sneezing number within 10 min after each chal-
lenge. From the 10th min, little or no sneezing was observed at
any challenge time. The total number of sneezes increased with
increasing challenge number (Fig. 2A-D). Between the 13th and
18th challenges, no notable increase in sneezing number was
observed among the SEB-sensitized guinea pigs compared with
the sneezing number of the earlier challenges (Fig. 2E). Between
the 19th and 30th challenges, the guinea pigs in the model group
experienced a significant biphasic increase in the number of
sneezes, reaching multiple peaks at 10 min-2 h and 4-8 h after
SEB challenge. The first peak in sneezing number shifted from
the first 10 min to the period of 10 min-2 h after SEB challenge.
In addition, the first sneezing number peak was significantly
higher between the 19th and 30th challenges than that between
the first and 18th challenges (P<0.01) (Fig. 2F-H). Furthermore,
terfenadine significantly reduced the early and the late elevations
in sneezing number at the 24th challenge (P<0.01) (Fig. 3A-C).
The guinea pigs in the control group produced significantly less
sneezing than those in the model group (P<0.01). The changes in
nasal scratching number were similar to the changes in sneezing
number (data not shown).

Ig production in the serum. In the model group, the guinea pigs
produced increased levels of SEB-specific IgE and IgG,. The
mean ODs at 450 nm were 0.23+0.06 and 4.21+0.28, respec-
tively. By contrast, levels of SEB-specific IgE and IgG; in the
control group could not be detected. Compared with the control
group, the increases observed in the model group were statisti-
cally significant (P<0.01, Wilcoxon test) (Fig. 4A and B). In the



SPANDIDOS .
J PUBLICATIONS EXPERIMENTAL AND THERAPEUTIC MEDICINE 10: 407-412, 2015 409

1 4 7 10 13 16 19 22 25 28 34 105 108 Day
lustations ||III|II||iI||IIIl|||I|||I|I|I|||I||II||I||
FEEEERRERREH bbb D rimeor
m @ @3 @ (35 (29) (30) inhalation
* Sensitive phase > ¢ Challenge phase >

Figure 1. Experimental outline of the sensitization and challenge periods.
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Figure 2. Changes in sneezing number following intranasal instillation with SEB and saline at the (A) 1st, (B) 3rd, (C) 5th, (D) 12th, (E) 16th, (F) 19th, (G) 26th
and (H) 30th challenges. Data are presented as the mean + standard deviation from 10 guinea pigs. Between the 1st and 18th challenges, the guinea pigs with
SEB challenge produced a significantly higher sneezing number only within the first 10 min after each challenge. Between the 19th and 30th challenges, the
guinea pigs with SEB challenge produced significant biphasic elevations in sneezing number, with peaks appearing 10 min-2 h and 4-8 h after the SEB chal-
lenge. "P<0.05 and “P<0.01 compared with the control group. SEB, Staphylococcal enterotoxin B.
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Figure 3. Effects of terfenadine on sneezing number at the (A) 4th, (B) 14th
and (C) 24th challenges. Data are presented as the mean + standard deviation
from 10 guinea pigs. At the 4th and 14th challenges, the guinea pigs with SEB
challenge produced a significantly higher sneezing number only within the
first 10 min after challenge. Biphasic elevation in the sneezing number was
observed at 10 min-2 h and 4-6 h after the 24th SEB challenge. Terfenadine
significantly reduced the early and late elevation in sneezing number. 'P<0.05
and “P<0.01 compared with the control group. SEB, Staphylococcal entero-
toxin B.

two groups, the guinea pigs did not produce detectable amounts
of SEB-specific IgG, (Fig. 4C).

Eosinophils in the nasal mucosa. In the model group, the
guinea pigs showed apparent eosinophil infiltration in the nasal
mucosa. The eosinophils infiltrated not only the lamina propria
but also the epithelial layer (Fig. 5A); however, eosinophil
infiltration was not observed in the guinea pigs challenged with
saline (Fig. 5B). In the model group, eosinophils accounted for
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Figure 4. SEB-specific (A) IgE,(B) IgG, and (C) IgG, levels in the serum in
SEB- and saline-challenged guinea pigs. In the model group, the levels of
SEB-specific IgE and IgG, were 0.23+0.06 and 4.21+0.28, respectively. By
contrast, levels of SEB-specific IgE and IgG, could not be detected in the
control group. Compared with the control group, the increases observed in
the model group were statistically significant (P<0.01). "P<0.05 and “P<0.01
compared with the control group. SEB, Staphylococcal enterotoxin B; Ig,
immunoglobulin; OD, optical density.

49.5% (median quartile,0.107) of the total leukocytes, compared
with only 3.1% (median quartile, 0.015) in the control group.
Compared with the control group, this increase was statistically
significant (P<0.01, Wilcoxon test). Furthermore, vasodilatation
and edema were present in the submucosal areas among the
SEB-challenged guinea pigs. The trachea, bronchi and lungs
in the two groups exhibited normal tissue without significant
pathological changes.

Discussion

AR is a global health problem. The successful study of the
pathogenesis and pathophysiology is dependent upon the



Figure 5. Histological features of the nasal mucosa in (A) SEB- and
(B) saline-challenged guinea pigs (hematoxylin and eosin staining; magnifi-
cation, 10x100). Compared with the guinea pigs challenged with saline (B),
guinea pigs challenged with SEB (A) exhibited evident eosinophil infiltra-
tion, vasodilatation and edema in the nasal mucosa. SEB, Staphylococcal
enterotoxin B.

establishment of a successful animal model of AR; however
no unified standards can be used at present. According to the
literature, several sensitization methods, such as intraperitoneal
and intradermal injections and inhalation, have been used to
study AR (17). Animal models induced by intraperitoneal and
intradermal injections of allergens vary greatly from the natural
processes of AR. Furthermore, aerosol inhalation is likely to
cause sensitization of the lower respiratory tract, which can easily
induce asthma (18). In the present study, the intranasal instillation
method was used for the sensitization and challenge processes;
the aim of this was to ensure that the allergic inflammation was
confined to the nasal cavity, consistent with the natural process
of AR. Previous studies concerning animal models of AR
have reported that the time required to build an animal model
varies greatly, from one week to several months (10,11,19-25).
In general, animal models that can be established in a short
time can only reflect the early-phase symptoms; models facili-
tating the observation of the LPR can take a long time to build.
Nabe et al (10) have established an animal model of AR with
the biphasic nasal blockage by Japanese cedar pollen. In their
model, biphasic nasal blockage was evoked 6-7 weeks after the
first sensitization. In the present study, biphasic sneezing was
exhibited by the guinea pigs following the 19th nasal challenge
(model day 75).

To date, investigations of the LPR have focused on nasal
blockage in the animal models of AR (26-28). These reports
describe that nasal blockage is a predominant symptom in the
LPR. Sneezing is a major symptom in the early-phase reaction;
however, in the present study it was demonstrated that SEB could
act as a type of allergen, by repeatedly stimulating nasal tissue,
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and induce typical symptoms of AR with a biphasic response.
It was found in this study that frequent sneezing was a signifi-
cant feature of the LPR, and exhibited a biphasic response. The
present results are consistent with clinical observations (5,6),
and may suggest that frequent sneezing is the strongest symptom
during the early-phase reaction and LPR of AR.

There is universal agreement that histamine is the primary
mediator involved in the development of sneezing (29-31).
During the course of AR, inflammatory cells release histamine.
The histamine stimulates H1 receptors of sensory nerve endings
in the nasal mucosa (32). By a nerve reflex, multiple sneezing is
caused exclusively by histamine. In allergic inflammation, hista-
mine is released by mast cells and basophils. It is well established
that mast cells releasing histamine are the major cytokine source
inducing sneezing in the early-phase reaction (29). A study by
Schleimer er al (33) investigated the inflammatory cytokines in
the LPR in humans. In the LPR, histamine and N-a-tosyl-L-
arginine methyl esterase were found in the nasal secretions of
patients exhibiting an LPR following antigen provocation tests.
By contrast, prostaglandin D2 (PGD2) was not found. Since
basophils do not generate PGD2, histamine may be released by
basophils in the LPR. Basophils releasing histamine may be the
main inducer of frequent sneezing in the LPR. At the same time,
the histamine contributes to the late phase of AR by exhibiting
proinflammatory effects (34-37). Yamasaki et al (26) reported
that histamine levels had two peaks in nasal lavage fluid in a
guinea pig model of AR, at 20 min and 5 h after challenge, which
coincided with the peak time of frequent sneezing in the present
study. In a previous study, Wagenmann et al (6) demonstrated
that histamine levels in the nasal secretions of patients with
AR were significantly increased in the early and late phases
subsequent to nasal allergen provocation; however, the changes
in histamine levels in the nasal lavage fluid following challenge
were not detected in the present study. It is unknown whether
histamine also exhibits a double peak in the guinea pig model
of AR; however, it was shown in the present study that terfena-
dine, as an antihistamine drug, inhibited the development of the
biphasic sneezing in this model. This finding strongly suggests
that histamine contributes to the development of the early and
late phases of sneezing.

In the present study, it was found that the guinea pigs in the
model group produced significantly more sneezing in the first
peak between the 19th and 30th challenges than between the
first and 18th challenges (P<0.01). These results suggest that
biphasic responders showed significantly severer symptoms
during the early-phase reaction than single-phase responders,
which is similar to observations in human AR (3,38). The
mechanism of the above clinical phenomenon remains unclear.
In a previous study, Imai et al (39) demonstrated that chronic
eosinophil accumulation was induced by repeated antigen chal-
lenges in the nasal tissue at the early phase. The eosinophils may
have been responsible for the amplification of the early-phase
reaction, such as vascular permeability and mucosal edema (39).
Milanese et al (40) subsequently reported that the eosinophil
number was higher during the early phase in AR with LPR
than that in AR with only the early-phase reaction. From these
studies, it can be inferred that eosinophils may have an impor-
tant role in the early-phase reaction of allergic inflammation;
however, its participation in LPR has also been reported by
numerous studies (41,42).
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In conclusion, this study has confirmed that SEB can be

used as an allergen to induce experimental AR with biphasic
sneezing by repeated intranasal instillation. The SEB-sensitized
guinea pigs are characterized by eosinophil infiltration in the
nasal mucosa and detectable levels of allergen-specific IgE and
IgG;, in the serum. The above indicators verify the successful
establishment of the AR animal model with biphasic sneezing.
Histamine may play an important role in the early- and late-phase
sneezing in the model of AR. This model closely reflects AR
and is a useful tool to study the association between SEB, AR
and the pathogenesis of the late phase of AR. Furthermore, this
model can be potentially used for the investigation of new drugs.
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