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Background: Few efficacious topical therapies exist for
chronic rhinosinusitis (CRS). The lack of a reproducible
mouse model of CRS limits the pilot testing of po-
tential novel anti-inflammatory therapies. Although the
ovalbumin-induced mouse model of sinonasal inflammation
is commonly used, it is difficult to reproduce and can gen-
erate variable histologic results. In this study, we explore
a variation of this model in different strains of mice and
explore various inflammatory cytokines as reproducible
molecular markers of inflammation.

Methods: Allergic sinonasal inflammation was generated
in BALB/c and C57BL/6 mice using intraperitoneal high-
dose injections of ovalbumin (Ova; Sigma Chemical Co.)
followed by 10 days of high-dose intranasal sensitization.
Real-time polymerase chain reaction (RT-PCR) for eotaxin,
interleukin 4 (IL-4), and IL-13 were measured from sinonasal
mucosa. We also pilot tested a known topical budesonide
to characterize the anti-inflammatory response. Histolog-
ical sections were analyzed for epithelial thickness and
eosinophilia.

Results: Both BALB/c and C57BL/6 mice consistently
showed increases in T helper 2 (Th2) cytokines a�er sensi-
tization with high-dose Ova (p < 0.0001) when compared

to controls. There were also significant increases in ep-
ithelial thickening in Ova-sensitized mice and eosinophilia
in both BALB/c and C57BL/6 strains. In addition, topi-
cal budesonide significantly reduced anti-inflammatory cy-
tokines, eosinophilia, and epithelial thickness.

Conclusion: Our variation of the ovalbumin-induced mouse
model of sinonasal inflammation in both BALB/c and
C57BL/6 mice provides an efficacious model for testing po-
tential topical anti-inflammatory therapies for CRS. The uti-
lization of sinonasal mucosal Th2 cytokines along with histo-
logic markers provides a consistent and quantifiable marker
of inflammation in assessing the efficacy of candidate drugs.
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S inus disease represents one of the most common health-
care problems in the United States, affecting approx-

imately 16% of the population,1,2 with a cost exceeding
$8 billion per year, and causing a significant adverse ef-
fect on the quality of life.3 The underlying pathologic cause
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of persistent inflammation in chronic rhinosinusitis (CRS)
remains poorly understood.4 As a result, the few avail-
able medical therapies generally concentrate on decreas-
ing mucosal inflammation and eliminating sources of
infection.

In order to study the cellular and molecular basis of rhi-
nosinusitis, model systems have been developed in animal
species.5 The murine model has been commonly used be-
cause of the availability and ease of manipulation of gene
expression experimentally.6 Using a mouse model, how-
ever, presents multiple challenges. Although multiple mod-
els have been used to produce inflammation, a mouse model
specific for CRS does not yet exist. The ovalbumin-induced
mouse model of sinonasal inflammation is the most com-
monly used model, but the induced inflammatory response
can be difficult to reproduce.7
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FIGURE 1. A diagram of our modified ovalbumin sensitization protocol
for male and female mice. IP = intraperitoneal; OVA = ovalbumin; PBS =
phosphate-buffered saline.

The histologic results in mouse models of mucosal inflam-
mation often generate variable results. Determination of
tissue eosinophil counts in histologic sections is a common
approach to reporting tissue inflammation. Calculation of
tissue eosinophils for statistical comparisons, however, car-
ries a high inherent variability.8 Real-time polymerase chain
reaction (RT-PCR), on the other hand, is a more quanti-
tative method that may provide a consistent measure of
tissue inflammation.9 Therefore, this study explored a vari-
ation of a high-dose ovalbumin-induced sinonasal inflam-
mation model, while utilizing RT-PCR for levels of known
inflammatory markers from sinonasal mucosal complemen-
tary DNA (cDNA), to quantify the sinonasal inflamma-
tory response in mice. This study will also compare the use
of sinonasal lavage cytokine measurements and histologic
analysis, including eosinophil counts.

Subjects and methods
Animals

BALB/c (total n = 11; controls = 4; ovalbumin-treated =
7) and C57BL6/J (total n = 19; controls = 4, ovalbumin-
treated = 15) mice (6 to 8 weeks old) were obtained from
the Jackson Laboratory (Bar Harbor, ME). Animals were
housed in a specific pathogen-free facility with single venti-
lated cages and received an ovalbumin-free diet. All animal
experiments were approved by the Johns Hopkins Institu-
tional Animal Care and Use Committee.

Ovalbumin sensitization
Ovalbumin (Ova, grade V; Sigma Chemical Co, St. Louis,
MO) was used in BALB/c and C57 BL6/J mice. Mice re-
ceived different sensitization protocols based on sex pri-
marily due to whole body weight (Fig. 1). Male mice were

sensitized on day 0 by intraperitoneal (IP) injection of
approximately 900 μg of Ova in 76.9 μL of alum ad-
juvant and 103.1 μL of phosphate-buffered saline (PBS).
On days 5 and 15 these mice received additional IP in-
jections of approximately 450 μg of Ova in 76.9 μL
of alum adjuvant and 103.1 μL of PBS. Female mice
were sensitized on day 0 by IP injection of approximately
400 μg of Ova in 76.9 μL of alum adjuvant and 103.1 μL
of PBS. On days 5, 15, and 20 these mice received ad-
ditional IP injections of approximately 200 μg of Ova in
76.9 μL of alum adjuvant and 103.1 μL of PBS. Males on
day 20, and females on day 25, began nasal sensitization
via intranasal challenges of approximately 1500 μg of Ova
in 20 μL of PBS distributed equally between the 2 nostrils.
Control groups of mice were sensitized similarly with IP in-
jections, but were challenged intranasally with equivalent
volumes of PBS.

Anti-inflammatory intervention with sinonasal
topical budesonide

The ovalbumin sensitization protocol can be modified to
measure drug efficacy. In this study, both BALB/c and
C57BL/6 mice were sensitized with IP Ova in a standard
fashion. Intranasal challenges with Ova were extended for
10 extra days with the Ova dissolved in an equivalent vol-
ume of budesonide (Sigma Aldrich, St. Louis, MO) (10 μM)
instead of saline.

Harvesting of sinonasal mucosa
Sinonasal mucosa was extracted from mouse heads as
described.6 In brief, mice were heavily sedated with an IP
injection of ketamine per our standard protocol. Incisions
along the abdomen to the rib cage were made to expose
the inner organs and heart. A catheter was then inserted
into the left ventricle of the heart to perfuse the circulatory
system with PBS. Perfusions were continued until the in-
tercostal veins were cleared of blood and the liver became
pale in color. Mice were then decapitated and the lower
jaw and tongue were removed. The pharynx was located
and a flexible catheter was inserted into the opening and
800 μL of PBS was flushed through both nares as
described.6 Next, the skull was split in half slightly off-
center in order to preserve 1 side of the nasal cavity in
its entirety. To harvest nasal tissues for messenger RNA
(mRNA) extraction, the skull was bisected in a sagittal ori-
entation, and septal and turbinate mucosa were removed
and placed in 1 mL of RNAlater solution (Ambion Inc.,
Austin, TX). The other half of the head was used for his-
tology.

Histologic analysis
For nasal histology, mouse heads were fixed with
paraformaldehyde and decalcified for 2 days before em-
bedment in paraffin. Coronal paraffin sections were cut
on a microtome and stained with hematoxylin and eosin
(H&E) or Alcian blue/periodic acid Schiff. Images were
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FIGURE 2. mRNA expression of eotaxin-1 in C57BL/6 (n = 11, control = 4, Ova = 7, all male) and BALB/c (n = 19, control = 4, Ova = 15, all male) mice
measured by RT-PCR of sinonasal mucosal membranes. All values are normalized to 18S. Ct = threshold cycle; mRNA = messenger RNA; RT-PCR = real-time
polymerase chain reaction; OVA = ovalbumin.

acquired using the Zeiss Axio Imager.A2 microscope and
measurements were made using the Axiovision 4.8 software
(Carl Zeiss Micro-imaging, Thornwood, NJ). To demon-
strate mucosal remodeling, epithelial thickness was mea-
sured at the same respiratory turbinate locations, from the
basement membrane to the nasal lumen.

Confocal microscopy
Immunohistological staining was performed on 12-μm
sections. Briefly, sections were blocked in 10% Nor-
mal donkey serum and 0.1% Triton X 100 in PBS.
After incubation with primary antibodies overnight at
4°C, the slides were washed in PBS and then incu-
bated with Alexa Fluor ۚ 488/568 conjugated secondary
antibodies (Invitrogen). Sections were then washed,
counterstained with 4′,6-diamidino-2-phenylindole (DAPI;
Invitrogen; Carlsbad, CA). Primary antibodies used in
this study include rabbit anti-Krt5 (Covance; Prince-
ton, NJ 1:500, PRB-160P) and goat anti-eosinophilic
major basic protein (EMBP) (Santa Cruz; Dallas, TX
1:200, sc-33938). Confocal images were collected with
a LSM700 confocal laser scanning microscope (Zeiss;
Oberkochen, Germany). EMBP+ cells in sections of
respiratory epithelium were counted. Data were presented
as mean ± standard deviation (SD) from 3 independent
experiments.

RNA extraction and reverse transcription
Total RNA was isolated with the RNeasy Mini kit (Qia-
gen, Valencia, CA) using the manufacturer’s protocol. RNA
was quantified spectrophotometrically and absorbance ra-
tios at 260/280 nm were >1.80 for all samples studied. Five
hundred nanograms of total RNA was reverse transcribed
in a 20 μL volume with random hexamer primers (Invit-
rogen, Carlsbad, CA), 20 U of RNase inhibitor (Applied
Biosystems, Foster City, CA), and the Omniscript RT kit
(Qiagen, Hilden, Germany) under conditions provided by
the manufacturer.

RT-PCR
RT-PCR was performed using the Applied Biosystems
StepOnePlus machine (Foster City, CA) under standard
cycling parameters. The TaqMan gene expression system
(Applied Biosystems, Foster City, CA) was used to measure
T helper 2 (Th2) cytokine mRNA levels of interleukin 4
(IL-4), IL-13, and C-C motif chemokine 11 CCL-11 (also
known as mouse eotaxin-1). The reaction mix consisted of
0.5 μg total RNA for target genes or 0.05 ng total RNA for
18S, 10 μL of TaqMan Fast Universal PCR Master Mix
(Life Technologies, Carlsbad, CA), 1.5 to 5 mol/L probe
target genes or 1.0 mol/L probe 18S, in a total volume of
20 μL. Each PCR run was accompanied by housekeeping
gene 18S as an internal control. Amplicon expression in
each sample was normalized to its 18S RNA content and
the level of expression of target mRNA was determined as
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FIGURE 3. mRNA expression of IL-4 and IL-13 in C57BL/6 (n = 11, control = 4, Ova = 7, all male) and BALB/c (n = 19, control = 4, Ova = 15, all male) mice
measured by RT-PCR of sinonasal mucosal membranes. All values are normalized to 18S. Ct = threshold cycle; IL = interleukin; mRNA = messenger RNA;
RT-PCR = real-time polymerase chain reaction; OVA = ovalbumin.

the delta Ct, the difference in threshold cycles for each tar-
get and housekeeping gene. Relative gene expression was
calculated by 2−�Ct.

Enzyme-linked immunoassay for eotaxin-1
Nasal lavages were spun down to pellet cells at 14,000 rpm
(18,500xg) for 10 minutes. Supernatants were then used
to assess concentrations of eotaxin-1 (CCL11) by enzyme-
linked immunoassay (ELISA) (R&D Systems, Minneapolis,
MN).

Statistical analysis
All values are shown as mean ± SD. Total cell and differ-
ential cells counts in 3 groups were compared with 2-way
analysis of variance (ANOVA) test. The expression of in-
flammatory mediator mRNA between genetically matched
groups was compared with a nonparametric test (Mann-
Whitney test). Statistical significance was considered to be

p < 0.05. Results were analyzed with the use of the statis-
tical software Prism 4 (GraphPad, Inc, La Jolla, CA).

Results
Ovalbumin sensitization is associated with

increases in eotaxin-1, IL-4, and IL-13
mRNA expression

Overall, both C57BL/6 (BL6) and BALB/c strains of
mice that underwent ovalbumin sensitization resulted in
significant increases in proinflammatory cytokine mRNA
expression from mouse sinonasal mucosa. On average,
sensitization created a 4 to 5 cycle increase (16 to 32 fold in-
crease) in expression of eotaxin-1 when compared to saline-
challenged mice (p < 0.0001) (Fig. 2). Saline-challenged
mice did not express any IL-4 or IL-13; however, ovalbu-
min challenge resulted in statistically significant increases
(p < 0.0001) (Fig. 3). In addition, ovalbumin challenges
also induced increased in mRNA expression of the mucin
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FIGURE 4. Measurement of eotaxin-1 levels in sinonasal lavages measured by ELISA (pg/mL). Both C57BL/6 (n = 11, control = 4, Ova = 7, all male) and
BALB/c (n = 19, control = 4, Ova = 15, all male) mice individually showed statistically significant increases after ovalbumin sensitization. ELISA = enzyme-linked
immunosorbent assay; OVA = ovalbumin.

FIGURE 5. Hematoxylin and eosin staining. (A) BALB/c maxilloturbinate OVA intranasal challenge (×10 magnification), (B) BALB/c septum OVA intranasal
challenge (×10 magnification), (C) C57BL/6 maxilloturbinate OVA intranasal challenge (×10 magnification), (D) C57BL/6 septum OVA intranasal challenge (×10
magnification), Note mucosal surfaces with inflammatory infiltrates and increased epithelial thickening. Sample size: C57BL/6 (n = 11, control = 4, Ova = 7, all
male) and BALB/c (n = 19, control = 4, Ova = 15, all male). OVA = ovalbumin.

gene MUC5AC, with a 12-fold increase in BALB/c mice
and a 3-fold increase in C57BL/6 mice (data not shown).

Both C57BL/6 and BALB/c mice create similar
levels of allergic inflammation assessed by RT-PCR
When the sinonasal mucosal mRNA expression was com-
pared between C57BL/6 and BALB/c mice challenged with
ovalbumin, there appear to be no statistically significant dif-
ferences in expression of the Th2-associated inflammatory

cytokines eotaxin, IL-4, and IL-13, or MUC5AC mucin
gene expression.

Sinonasal lavages show increased levels of eotaxin
measured using ELISA

Because eotaxin-1 was the most robustly expressed cy-
tokine by RT-PCR, ELISA was performed on lavages to
measure protein concentrations of eotaxin-1. Sinonasal
lavages collected at the time of euthanasia showed sig-
nificant increases in eotaxin-1 when challenged with
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FIGURE 6. Measurement of epithelial thickness at the level of the maxilloturbinate and nasal septum taken at 3 to 3.5 mm from the tip of the nose. Reported
as μM measured at ×10 magnification. There is a statistically significant increase between saline-challenged and ovalbumin-challenged C57BL/6 (n = 11,
control = 4, Ova = 7, all male) and BALB/c (n = 19, control = 4, Ova = 15, all male) mice, p < 0.001. Ova = ovalbumin.

ovalbumin. Both C57BL/6 and BALB/c mice showed
statistically significant increases in eotaxin when com-
pared to saline-challenged mice (Fig. 4). In compar-
ing eotaxin levels between ovalbumin-challenged mice
among the different strains, BALB/c mice had a statisti-
cally significant increase when compared to C57BL/6 mice
(p = 0.02).

Ovalbumin sensitization is associated with
consistent increases in epithelial thickness and

tissue eosinophilia
Sectioned mouse heads were stained with H&E at the level
of the septum and mid-turbinate (Fig. 5). Histology demon-
strates increased epithelial thickness in both C57BL/6 and
BALB/c mice after ovalbumin sensitization quantified by
measurements taken 3 to 3.5 mm from the tip of the
nose (Fig. 6, p < 0.001). In addition, BL6 ova-challenged
mice showed goblet cell hyperplasia and enhanced mu-
cus production. Tissue eosinophilia, quantified by mea-
suring EMBP via confocal microscopy, also showed ro-
bust eosinophil counts in both BALB/c and C57BL/6 mice.
BALB/c mice did have a statistically significant increase
in tissue eosinophils when compared to C57BL/6 mice
(p < 0.001) (Figs. 7 and 8)

Therapeutic intervention with budesonide results
in decreased sinonasal inflammation

Treatment of both C57BL/6 or BALB/c mice for an ad-
ditional 10 days with budesonide following Ova chal-

FIGURE 7. Confocal microscopy at ×40 magnification, all male mice. Blue
cells = DAPI; all viable cells; red cells = MBP; green cells = Krt5, epithelial
cells. The top row is a saline-challenged C57BL/6 mouse, middle row is an
Ova-challenged C57BL/6 mouse, bottom row is an Ova-challenged BALB/c
mouse. Note the significant increase in red cells (positive for eosinophilic
MBP) in the merged panels in both C57BL/6 and BALB/c mice. The saline-
challenged BALB/c mice also demonstrate no eosinophils (not shown). Sec-
tions were cut from half of the total number of control and Ova-challenged
mice in each strain, C57BL/6 (n = 6, control = 2, Ova = 4, all male) and
BALB/c (n = 9, control = 2, Ova = 7, all male). DAPI = 4′,6-diamidino-2-
phenylindole; MBP = major basic protein specific for eosinophils; Ova =
ovalbumin.
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FIGURE 8. Comparison of tissue eosinophil counts at ×40 magnification, cells per μm of tissue in control (saline) vs Ova-challenged C57BL/6 mice (A) and
BALB/c mice (B). BALB/c mice have statistically significant increases in tissue eosinophilia compared to C57BL/6 (p < 0.001). Samples size: C57BL/6 (n = 6,
control = 2, Ova = 4, all male) and BALB/c (n = 9, control = 2, Ova = 7, all male). EMBP = eosinophilic major basic protein; OVA = ovalbumin.

FIGURE 9. mRNA expression of eotaxin, IL-4, and IL-13 in Ova-sensitized C57BL/6 (n = 4, male) and BALB/c (n = 4, male) mice combined before and after
topical budesonide treatment measured by RT-PCR of sinonasal mucosal membranes. All values are normalized to 18S (p < 0.003 for all cytokines). IL =
interleukin; mRNA = messenger RNA; OVA = ovalbumin; RT-PCR = real-time polymerase chain reaction; Th2 = T helper 2.

lenges was associated with statistically significant re-
duction in eotaxin, IL-4, and IL-13 mRNA expression
(p < 0.003) in C57BL/6 mice. There was also decreased ep-
ithelial thickness (p < 0.005), in addition to a reduction in
tissue eosinophilia when compared to Ova challenge alone
(p < 0.001) in BALB/c mice (Figs. 9 to 11).

Discussion
The lack of a true mouse model of sinonasal inflammation
has impeded the development of novel topical therapies
for the treatment of CRS. Currently there are no reliable
genetic mouse models of rhinitis or sinusitis. The most
popular nongenetic mouse models of allergic sinonasal
inflammation are based on modifications of previously
well-characterized lower airway models using various con-
centrations and sensitization protocols with ovalbumin, As-
pergillus, or common allergens such as house dust mite.10–12

The primary purpose of this study was to standardize
a sensitization protocol and determine which molecular
markers consistently and reliably best assess the sinonasal
inflammatory response. In our unique sensitization proto-
col, all mice received significantly higher concentrations of
ovalbumin during IP injections compared to other studies
which routinely use 100 μg. In our protocol, we routinely
use 3 injections (900 μg, followed by 2 doses of 450 μg) for
male mice and a reduced dose spread over 4 injections for
females (400 μg, followed by 3 doses of 200 μg) (Fig. 1).
Our protocol also anesthetizes mice during the intranasal
challenges to ensure that allergen stays in the nose for a
longer time.

Because this type of mouse model is nongenetic and
requires meticulous experimental techniques, there can be
varying levels of sinonasal inflammation. Unlike the lower
airway models of inflammation that use intratracheal
instillations of ovalbumin, the sinonasal model uses an
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FIGURE 10. Confocal imaging at ×40 magnification: (A) BALB/c mouse
challenged with Ova; (B) BALB/c mouse challenged with Ova followed by
treatment with budesonide 10 μM. Green: krt5; Blue: DAPI; Red: EMBP.
(C) Comparison of tissue eosinophil counts at ×40 magnification, cells
per μm of tissue. Statistical significance between Ova challenge and Ova
+ budesonide (p < 0.00). Sample size: C57BL/6 (n = 4, male) and BALB/c
(n = 4, male). Bud = budesonide; DAPI = 4′,6-diamidino-2-phenylindole;
EMBP = eosinophilic major basic protein; OVA = ovalbumin.

FIGURE 11. Epithelial layer thickness measurement at the level of the
maxilloturbinate and nasal septum in Ova-challenged C57BL/6 mice before
and after budesonide treatment, 10 μM. Taken at 3 to 3.5 mm from the
tip of the nose. Reported as μM measured at ×10 magnification. There is a
statistically significant increase between budesonide treated and untreated
mice (p < 0.005). Sample size: C57BL/6 (n = 4, male) and BALB/c (n = 4,
male). OVA = ovalbumin.

intranasal route, which can be technically challenging
because mice can easily aspirate or swallow the ovalbumin.
In addition, research groups utilize different sensitization
protocols, varying both the dosage and timing of ovalbu-
min administration. Some protocols administer IP doses
of ovalbumin or allergen followed by intranasal challenges
whereas others only give intranasal challenges.11,13,14

Last, the experimental techniques used to assess levels
of sinonasal inflammation also vary greatly. Although
some groups rely heavily on qualitative measures such as

histology and the presence of inflammatory cells such as
eosinophils and behavioral changes such as nasal rubbing
and sneezing, others measure cytokine levels in sinonasal
lavage fluid or sinonasal mucosal tissue.12,14–16 Clearly,
there can be a high degree of variability in both the cre-
ation and characterization of the allergic sinonasal mouse
model.

Our data demonstrates that ovalbumin sensitization us-
ing our protocol results in statistically significant increases
in mucosal eotaxin, IL-4, and IL-13 mRNA expression
with minimal variation between C57BL/6 and BALB/c mice
(Figs. 2 and 3). This result is significant, because we are
not aware of another group that has been able to suc-
cessfully create allergic sinonasal inflammation in C57BL/6
mice. Numerous studies have suggested that ovalbumin-
induced allergic inflammation in the lung may be mouse
strain–dependent, favoring enhanced airway inflammation
via activation of the transcription factor nuclear factor κB
(NF-κB) in BALB/c mice.17–19 As a result, most ovalbumin-
induced sinonasal allergic inflammation models use BALB/c
mice. The ability to generate allergic sinonasal inflamma-
tion in C57BL/6 mice saves time because many genetically
modified knockout and transgenic mice targeting genes in-
volved in chronic sinusitis are often only available on the
C57BL/6 background. Alternatively, these genetically mod-
ified mice can also be backcrossed onto the BALB/c back-
ground.

Measurement of eotaxin in the sinonasal lavages by
ELISA also demonstrates a statistically significant increase
between saline-challenged and ovalbumin-challenged
C57BL/6 and BALB/c mice (Fig. 4). BALB/c mice did
have a more robust response compared to C57BL/6 mice.
Because sinonasal lavages are performed through the
pharyngeal inlet and out the nose, these specimens can
also take into account the cytokines that are generated in
the pharynx, likely also from ovalbumin sensitization that
bubbles out of the nose into the mouth.

The other measures of successful allergic sensitization
such as histology and measurements of epithelial thickness
also demonstrated increases after ovalbumin sensitization,
specifically in the area of the maxilloturbinate (Figs. 5
and 6). Last, a hallmark of allergic inflammation is tissue
eosinophilia. Traditionally, most groups use H&E staining
to identify eosinophils, which can generate significant
interobserver variability. In this study, we utilized a
monoclonal antibody for EMBP followed by confocal
imaging to quantify eosinophils. We demonstrate robust
eosinophilia in both C57BL/6 and BALB/c mice with a
significant increase in BALB/c mice (p < 0.001) (Fig. 8).
We feel that these more qualitative measures are supportive
adjunctive rather than primary assessments.

The primary application of using the allergic model of
sinonasal inflammation is testing of novel topical or sys-
temic drugs to reverse inflammation.8,13,14,16,20,21 In or-
der to determine the most sensitive and reliable mea-
sure of drug efficacy, we pilot-tested a common topical
anti-inflammatory drug used in treating CRS, budesonide,
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in the allergic mouse model. We demonstrate significant
reduction in eotaxin, IL-4, and IL-13 mRNA expression
after 10 days of budesonide treatment as well as histologic
changes focused on a reduction in epithelial thickness and
tissue eosinophilia.

In this study, we show that measuring Th2 cy-
tokine mRNA expression in the sinonasal mucosa of
sensitized mice is robust and reproducible when us-
ing our high-dose ovalbumin protocol. Other param-
eters, such as sinonasal lavage cytokine measurements
and histologic analysis, although more variable, may
still be valuable in confirming mucosal mRNA cytokine
measurements.

Conclusion
In conclusion, our variation of the ovalbumin-induced
mouse model of sinonasal inflammation in both BALB/c
and C57BL/6 mice provides an excellent model for testing
potential topical anti-inflammatory therapies for CRS. To
our knowledge, this is the first report of generating a suc-
cessful allergic sinonasal inflammation model in C57BL/6
mice. The utilization of sinonasal mucosal eotaxin, IL4, and
IL13 levels in conjunction with other parameters such as
confocal microscopy using a monoclonal antibody specific
for EMBP provides a consistent and quantifiable marker of
inflammation in assessing the efficacy of topical candidate
drugs to reverse sinonasal inflammation.
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