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Background: Several topical treatments are used in the management of Chronic Rhinosinusitis (CRS), some of which the safety
and efficacy has yet to be determined. The purpose of this study was to investigate the effect of commonly used topical treat-

ments on the sinonasal epithelial barrier.

Methods: Normal saline (0.9% Sodium Chloride), hypertonic saline (3% Sodium Chloride), FESS Sinu-Cleanse Hypertonic, FLO

Sinus Care and Budesonide 1 mg/ 2 ml were applied to the apical side of air-liquid interface (ALI) cultures of primary human nasal
epithelial cells (HNECs) from CRS patients (n=3) and non-CRS controls (n=3) for 24 hours. Epithelial barrier structure and function
was assessed using trans-epithelial electrical resistance (TEER), measuring the passage of Fluorescein Isothiocyanate labelled
Dextrans (FITC-Dextrans) and assessing the expression of the tight junction protein Zona Occludens-1 (ZO-1) using immunofluo-
rescence. Toxicity was assessed using a Lactate Dehydrogenase (LDH) assay. Data was analysed using ANOVA, followed by Tukey

HSD post hoc test.

Results: Hypertonic solution and budesonide significantly increased TEER values in CRS derived HNECs. In contrast, FESS Sinu-
Cleanse Hypertonic significantly reduced TEER 5 minutes after application of the solution followed by an increase in paracellular
permeability of FITC-Dextrans (30 minutes) and increased LDH levels 6 hours after application of the solution.

Conclusions: Our findings confirm that isotonic and hypertonic saline solutions do not compromise epithelial barrier function in

vitro but underscore the importance of examining safety and efficacy of over-the-counter wash solutions.
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Introduction

Chronic rhinosinusitis (CRS) is a significant health problem

with unclear pathophysiology. It is one of the most prevalent
chronic ilinesses worldwide and affects approximately 10.5% of
western populations . Breakdown of the mucosal barrier has
been shown to contribute to tissue damage and inflammation
in the paranasal sinuses ?. Relatively few studies have evaluated
the epithelial barrier in CRS &%, Mucosal barrier dysfunction is
frequently associated with alteration of the tight junction (TJ)
composition and structure. The integrity of tight junctions of the
sinonasal epithelium can be affected by Staphylococcus aureus

infection and secreted toxins ©¢, Th17 cytokine families © as
well as in patients affected by immunodeficiency @2,

Despite the high prevalence and a large financial burden of CRS
on health care systems, there are no Food and Drug Administra-
tion-approved drugs for the management and treatment of CRS
1010 This is due to the lack of research into safe and effective
treatments, which in turn is related to the poorly understood pa-
thophysiological mechanisms of the disease. Medical treatments
for CRS include antibiotics and corticosteroids (>3, However,
lack of clinical evidence for the efficacy of antibiotics for the
treatment of CRS, makes this therapy controversial . The safety
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profiles of Intranasal Corticosteroids (INCs) have been well
established over 30 years of use. The systemic bioavailability of
INCs such as fluticasone propionate, beclomethasone and bu-
desonide varies from 1% to around 30% and is much lower than
oral agents such as dexamethasone with systemic bioavailability
of 76%, thereby minimizing the risk of systemic adverse events
13), Clinical evidence demonstrates the efficacy of INCs for the
management of allergic rhinitis, acute and chronic rhinosinusitis
and nasal polyps 9. Studies have also shown that irrigation with
hypertonic saline was efficacious and resulted in improvement
in the symptoms of CRS in over 70% of subjects "7 '®, However,
with the myriad of current topical treatments used in CRS, it
remains a priority to study the safety profile of the intranasal
agents and their effect on the sinonasal mucosal barrier. This
study investigates the effect of current topical treatments for
CRS on the epithelial barrier structure and function.

Materials and methods

Human primary nasal epithelial cells

Ethical approval for nasal brushings from CRS patients and heal-
thy volunteers was granted from The Queen Elizabeth Hospital
Human Ethics Committee and only consented patients were
included in the study. Human Nasal Epithelial Cells (HNECs) were
isolated from patients that do not have evidence of CRS (control)
and from patients with CRS without nasal polyps (CRSsNP) at the
time of endoscopic sinus surgery. HNECs were harvested from
paranasal sinuses by gentle brushing as described by Malik et al.
©), Extracted cells were suspended in Bronchial Epithelial Growth
Media (BEGM, CC-3170, Lonza, Walkersvill, MD, USA), supple-
mented with 2% Ultroser G (Pall Corporation, Port Washington,
NY, USA). The cell suspension was depleted of monocytes using
anti-CD68 (Dako, Glostrup, Denmark) coated culture dishes,

and HNECs expanded in routine cell culture conditions of 37°C
humidified air with 5% CO2 in collagen coated flasks (Thermo
Scientific, Walthman, MA, USA). HNECs were tested at passage
two, and confirmed to be of epithelial lineage via reactivity

to pan-Cytokeratin (+) and CD45 (-) antibodies (both Abcam,
Cambridge, MA, USA).

Air Liquid Interface Culture

HNECs were maintained at an Air Liquid Interface (ALI) medium,
following the Lonza ALI culture method (Lonza, Walkersville,
USA) as described previously . Transwells permeable inserts
with 0.4um pores (BD Biosciences, San Jose, CA, USA) were
coated with collagen (Stemcell Technologies, Australia). 70,000
cells were seeded into the apical chamber in 100 pl B-ALI growth
medium and 500 pl of B-ALI growth medium was added to the
basal chamber. In the airlift step, B-ALI growth medium was
removed from the apical and basal chambers and 500 pl B-ALI
differentiation medium was added to the basal chamber. The
cultures were fed every second day by adding B-ALI complete

differentiation medium to the basal chamber.

Intranasal medications

Normal saline (0.9% Sodium Chloride, Baxter, Australia), hyper-
tonic saline (3% Sodium Chloride, Baxter, Australia), Isotonic
solution (Sodium Chloride, Potassium Chloride, Sodium Bicar-
bonate, Glucose Anhydrous and Calcium Lactate Pentahydrate)
(FLO Sinus Care, ENT Technologies, Australia), Fess Sinu-Cleanse
Hypertonic (Sodium Chloride, Sodium Bicarbonate and Xylitol)
(Care Pharmaceuticals, Australia) and Budesonide inhalation
suspension 1 mg/2 ml (Pulmicort, Sweden) were applied in
concentrations as directed by the manufacturer to the apical
chamber.

Epithelial barrier permeability measurements
Trans-Epithelial Electrical Resistance (TEER) was measured

with an EVOMX volt-ohm-meter (World Precision Instruments,
Sarasota, FL, USA). Briefly, 100 pl of B-ALI growth medium was
added to the apical chamber of ALI Cultures to form an electrical
circuit across the cell monolayer and into the basal chamber.
Cultures were maintained at 37°C during the measurement
period using a heating platform. The resistance typically reached
a plateau after 21 days with a value of 500 Q/cm?, indicating that
a continuous cell monolayer with junctions was fully formed.
Intranasal Medications were then added to the apical chamber
of each well, and TEER measurements were obtained at different
time-points up to 24 h.

Permeability assay

Paracellular permeability was studied by measuring the apical-
to-basolateral flux of FITC-dextran 4 kDa (Sigma, St Louis, USA).
Briefly, after treating the cells for 24 h, 3 mg/ml of FITC-dextran
was added to the apical chamber. After 2 h incubation, 40 pl
samples were taken from the basolateral chamber and serially
diluted on a 96 well plate (Corning® Costar® cell culture plates,
USA), and fluorescence was measured with a microplate fluoro-
meter (FLUOstar Optima, BMG Labtech, Ortenberg, Germany).

Cytotoxicity assay

All treatments were applied to the HNEC air liquid interface
cultures and incubated for 24 h. The amount of lactate dehydro-
genase (LDH) in the medium was measured with a Cytotoxicity
Detection Kit (Promega, USA). Briefly, 50 ml of the media from
each well was transferred to a new plate, and 50 ml of LDH
reagent was added to the supernatant and incubated for 30
minutes in the dark at room temperature. The OD was measured
at 490 nm on a FLUOstar OPTIMA plate reader (BMG Labtech,
Ortenberg, Germany).

Immunofluorescence microscopy
Cells were fixed with 2.5% formalin in phosphate-buffered saline
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(PBS) for 10 min, and then the cells were permeabilized with 1%
SDS in PBS. Mouse monoclonal anti-human ZO-1 (Invitrogen,
Carlsbad, CA, USA), diluted to 5 pg/ml in TBST-10% SFB was
added for 1 hour at room temperature. Excess primary antibody
was removed, and 2 pg/ml anti-mouse Alexa-Fluor 488 con-
jugated secondary antibody (Jackson ImmunoResearch Labs
Inc., West Grove, PA, USA) was added and incubated overnight
at 4°C. The Membranes were rinsed in TBST, and after the third
wash, 200 ng/ml of 4, 6-diamidino-2-phenylindole (DAPI; Sigma,
Aldrich) was added to resolve nuclei. Membranes were transfer-
red to a glass slide and a drop of anti-fade mounting medium
(Dako, Glostrup, Denmark) was added before cover-slipping.
Samples were visualized by using a LSM700 confocal laser scan-
ning microscope (Zeiss Microscopy, Germany).

Statistical analysis

Data is presented as the mean + SEM. The TEER statistical
analysis was carried out using t-tests and all other analysis was
performed using ANOVA, followed by Tukey’s HSD post hoc test
using SPSS (version 22).

Results

Effect of topical treatments on Trans-Epithelial Electrical Re-
sistance (TEER) of HNEC monolayers derived from controls
and CRS patients.

ALI cultures were established using HNECs isolated from 6 do-
nors; 3 CRSsNP (all males, non-smoker, aged 45-65 years, non-
allergic) and 3 controls (2 males, 1 female, aged 30-50 years,
non-allergic). Two CRS patients were diagnosed with asthma
and one had Aspirin- Exacerbated Respiratory Disease (AERD).
The effect of normal saline, hypertonic saline, FESS Sinu-Cleanse
Hypertonic solution, FLO Sinus Care isotonic solution, and Bu-
desonide inhalation suspension 1 mg/ 2 ml on epithelial barrier
function was examined by measuring the TEER and passage of
FITC-Dextrans across the HNEC monolayers after 24 h. Sodium
Dodecyl Sulphate (SDS) and B-ALI complete medium was used
as a positive and negative control respectively. FESS Sinu-Clean-
se Hypertonic caused a significant reduction in TEER (average
of 12.5 times and 5.18 times for CRSsNP and Control patients

p =0.001 and p = 0.01 respectively) after 24 h of incubation.
Other formulations did not show any significant reduction in
TEER, however, hypertonic saline (p = 0.035) and Budesonide
(p=0.008) significantly increased TEER in CRS patients after 24 h
of incubation (Figure 1).

Effect of topical treatments on paracellular permeability of
FITC-Dextrans of HNEC monolayers derived from controls
and CRS patients.

Application of normal saline, hypertonic saline, FLO Sinus Care
and Budesonide 1 mg/ 2 ml did not have a significant effect on
the paracellular permeability in HNEC monolayers sourced from
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Figure 1. Effect of topical treatments on Trans-Epithelial Electrical
Resistance (TEER) of HNEC monolayers derived from controls and CRS
patients. TEER values, normalised to the measurement prior to treatment
(white bars) and 24 hours after (grey bars) application of normal saline
(0.9% Sodium Chloride), hypertonic saline (3% Sodium Chloride), FESS
Sinu-Cleanse Hypertonic solution, FLO Sinus Care isotonic solution and
Budesonide inhalation suspension 1 mg/ 2 mlin HNEC monolayers from
non-CRS control patients (A) and CRSsNP patients (B). Sodium Dodecyl
Sulphate (SDS) in B-ALI complete medium was used as a positive control.
The values are shown as means + SEM for n = 3. * = p<0.05, ** = p<0.01

and *** = p<0.001, using t-tests.

CRSsNP patients and controls. FESS Sinu-Cleanse Hypertonic
applied to HNECs grown at ALI caused a statistically significant
increase in paracellular permeability of FITC-Dextrans after 24h
of incubation (average of 12 fold and 13 fold increase for CRS
and Control patients respectively, (p < 0.01)) (Figure 2). Sodium
Dodecyl Sulphate (SDS) and B-ALI complete medium was used
as a positive and negative control respectively.

Effect of topical treatments on Lactate Dehydrogenase release
from HNEC monolayers derived from controls and CRS patients.
A standard LDH assay showed significantly reduced numbers

of viable cells 24 hours after application of FESS Sinu-Cleanse
Hypertonic (p < 0.01) to HNEC monolayers sourced from CRSsNP
patients and controls (95.9 and 94.2 % reduction respectively).
There was no toxicity observed after 24 h incubation with all
other tested treatments (p > 0.05) (Figure 3). Sodium Dodecyl
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Figure 2. Paracellular permeability of HNEC monolayers derived from
CRS patients and Controls. Passage of FITC-Dextrans measured 24 hours
after application of normal saline (0.9% Sodium Chloride), hypertonic
saline (3% Sodium Chloride), FESS Sinu-Cleanse Hypertonic solution,
FLO Sinus Care isotonic solution and Budesonide inhalation suspension
1 mg/ 2 mlin HNEC monolayers from non-CRS control patients (A) and
CRSsNP patients (B). The values are shown as means = SEM for n = 3 with
a logarithmic scale on the y-axis. Treatments significantly different from
the untreated control at P < 0.01 are presented as **. ANOVA, followed
by Tukey HSD post hoc test.

Sulphate (SDS) in B-ALI complete medium was used as a positive
control.

Effect of topical treatments on the immunolocalization of
the tight junction protein Zona Occludens-1 (ZO-1) in HNEC
monolayers from controls and CRS patients.

The effect of the different solutions on the localization of ZO-1
was examined by using immunofluorescence and confocal laser
scanning microscopy, 24 hours after application of the treat-
ments. In untreated cells, ZO-1 was located at the periphery of
the apical side of the monolayer, as expected. Similarly, normal
saline, hypertonic saline, FLO Sinus Care and Budesonide 1 mg/
2 ml led to no alterations in the localization of ZO-1. In con-
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Figure 3. Cell viability of HNEC monolayers derived from CRS patients
and Controls. Viability relative to no treatment control cells as deter-
mined by the LDH assay, 24h after application of normal saline (0.9%
Sodium Chloride), hypertonic saline (3% Sodium Chloride), FESS Sinu-
Cleanse Hypertonic solution, FLO Sinus Care and Budesonide inhala-
tion suspension 1 mg/ 2 ml in HNEC monolayers from non-CRS control
patients (A) and CRSsNP patients (B). Cell viability was calculated rela-
tive to the untreated cells as negative control. Sodium Dodecyl Sulphate
(SDS) in B-ALI complete medium was used as a positive control. The
values are shown as means + SEM, n = 3. ** = p<0.01. ANOVA, followed

by Tukey HSD post hoc test.

trast, application of FESS Sinu-Cleanse Hypertonic resulted in
profound disruption of ZO-1 immunolocalisation evidenced by
faint or absent fluorescence (green staining in Figure 4). DAPI
staining revealed that only few cells were remaining.

Effect of topical treatments on Trans-Epithelial Electrical
Resistance (TEER) of HNEC monolayers over time.

ALI cultures were established using HNECs isolated from 3
non-CRS controls patients. All patients underwent septoplasty
(3 males, aged 40-50 years) with no allergy. The effect of topical
treatments on mucosal barrier function and LDH release was
assessed only for those treatments that compromised barrier
function 24 hours after application. FESS Sinu-Cleanse Hyperto-
nic reduced TEER at all time-points compared to no treatment
control (5 min, 10 min, 15 min, 20 min, 30 min, 1 h,2h,4hand 6
h) (p < 0.001).
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Figure 4. Immunolocalization of ZO-1 in HNEC monolayers of CRS patients and controls. Effect of normal saline (0.9% Sodium Chloride), hypertonic
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saline (3% Sodium Chloride), FESS Sinu-Cleanse Hypertonic solution, FLO Sinus Care isotonic solution and Budesonide inhalation suspension 1 mg/

2 ml on Zona Occludens-1 (ZO-1) immunolocalization (green staining) of HNEC monolayers of controls (A) and CRSsNP patients (B). DAPI was used to

stain the nuclei (blue staining). 20X magnification, using confocal laser scanning microscopy. White bar is 20 pm.

Effect of topical treatments on paracellular permeability of
HNEC monolayers over time.

FESS Sinu-Cleanse Hypertonic led to a significant increase in
paracellular permeability of HNEC monolayers from control
patients 30 minutes after application (p < 0.01) (Figure 6).

Relative to no treatment control, FESS Sinu-Cleanse Hypertonic
increased paracellular passage of FITC-dextrans by 96.6 %, 108
%, 140.2 %, 594.4 % and 837.9 % after 30 min, 1 h,2h,4h and 6
h, respectively (Figure 6).
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Figure 5. Trans-Epithelial Electrical Resistance (TEER) of HNEC monolay-
ers derived from controls over time. TEER was measured at different
time-points (5 min, 10 min, 15 min, 20 min, 30 min, 1 h, 2 h,4h and 6
h) in non-CRS control patients relative to untreated control. Time 0 is
negative control (untreated), representing the TEER values (QQ/cm2) of
the cells prior to application of the treatments. The values are shown as
mean + SEM for n = 3. *** = p<0.001, ANOVA, followed by Tukey HSD

post hoc test.

Effect of topical treatments on Lactate Dehydrogenase
release from HNEC monolayers derived from controls over
time.

The effect of FESS Sinu-Cleanse Hypertonic on LDH release from
HNEC monolayers from control patients at different time points
up to 6 h. There was a statistically significant increase in LDH
release after 6 hours incubation with FESS Sinu-Cleanse Hyper-
tonic (p = 0.035) (Figure 7).

Effect of a brief exposure to FESS Sinu- Cleanse Hypertonic
on HNEC monolayers from non-CRS control patients.

To determine the effect of a brief exposure of HNEC-ALI cultures
to FESS Sinu-Cleanse Hypertonic, the solution was applied to
the cells for 5 minutes followed by removal of the solution,
washing with PBS and application of fresh media. After 24h
incubation, TEER, cell layer permeability and cell viability was
measured. Application of FESS Sinu-cleanse significantly incre-
ased TEER values (p<0.05), increased paracellular permeability
(p<0.01), and reduced the cell viability (p<0.01) in HNEC-ALI
monolayers.

Discussion

Saline irrigations are the most commonly used topical treat-
ments for the medical management of CRS. Saline preparations
vary from homemade solutions to different commercial over-
the-counter formulations. The salt content within saline irriga-
tion solutions varies from 0.9% NaCl (isotonic saline solutions) to
3% NaCl (hypertonic saline solutions) and it is generally agreed
that regular application has beneficial effects on patients’ CRS
signs and symptoms . However, information on their safety is
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Figure 6. Paracellular passage of FITC-Dextrans over time. The passage of
FITC-dextrans was measured over time and relative to no treatment con-
trol in HNEC monolayers from non-CRS control patients. The values are
shown as means + SEM for n = 3. Treatments significantly different from
the untreated control at p<0.01 are presented as **. ANOVA, followed by
Tukey HSD post hoc test.

sparse and their effect on mucosal barrier structure and function
is unknown.

Apart from nasal burning and irritation, hypertonic saline
improves sinus-related quality of life and decreases symptoms
of sinusitis ©%. Our results indicate that hypertonic saline was
not toxic and did not have detrimental effects on epithelial
barrier function. Rather, application of the treatment appeared
to significantly enhance the TEER of human nasal epithelial cell
monolayers derived from CRS patients 24 hours after applicati-
on. Hypertonic saline has also been shown to improve intestinal
mucosal barrier function in association with decreased lung per-
meability after trauma-hemorrhagic shock which may limit the
systemic immuno-inflammatory response to hemorrhagic shock
@, Interestingly, application of hypertonic saline to control
HNEC monolayers did not affect TEER values. The significance of
these findings is unclear but could indicate that hypertonic solu-
tions might strengthen mucosal barrier function only in inflam-
matory conditions such as in CRS patients. Also, the notion that
the observed effect is donor-dependent, indicates differences in
the physiology of CRS and control HNECs, even after multiple in
vitro cell divisions took place. Isotonic saline (FLO Sinus Care) is
another common irrigation solution that has shown beneficial
effects for CRS patients. Some studies showed isotonic saline
provided a greater improvement in mucociliary clearance and
nasal airway patency compared with normal saline ©?>23), In this
study, FLO Sinus Care isotonic saline had no effect on either TEER
or paracellular permeability, led to no alterations in the localiza-
tion of ZO-1 and was non-toxic. Topical corticosteroids including
fluticasone and Budesonide have shown to be effective for the
treatment of CRS and are often considered a first-line treatment
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Figure 7. Relative cell viability measured by Lactate Dehydrogenase
(LDH) assay of HNEC monolayers over time. Relative Viability as deter-
mined by the LDH assay at different time-points (5 min, 10 min, 15 min,
20 min, 30 min, 1 h, 2 h, 4 h and 6 h) after application of FESS Sinu-

Cleanse Hypertonic on HNEC monolayers from non-CRS control patients.

Cell viability was calculated relative to the untreated cells as negative
control. Sodium Dodecyl Sulphate (SDS) in B-ALI complete medium was
used as a positive control. The values are shown as means + SEM, n =3,
p=0.035.

option for CRS with nasal polyps 2, Our findings showed that
Budesonide did not compromise the structure and function of
the epithelial barrier, and did not cause cellular toxicity. In fact,
Budesonide significantly increased TEER in CRS patients derived
HNEC monolayers similarly to the effect seen with hypertonic
saline solution. Glucocorticoids have been shown to enhance
barrier function of lung epithelia via modulation of claudin 8
(cldn8) dependent recruitment of occludin at the tight junctions
@), Also in different in vitro models of blood-brain barrier func-
tion, corticosteroids were shown to enhance barrier function by
a corticosteroid-receptor mediated effect on the expression of
different tight junction proteins, including Occludin, Claudin-5
and ZO-1 @728 Also fluticasone propionate has been shown to
restore the barrier function in the nasal epithelium of patients
with allergic rhinitis @9,

Our results showed that application of FESS Sinu-Cleanse Hyper-
tonic caused a significant reduction in TEER values followed by
an increase in paracellular permeability of FITC-Dextrans. These
results indicate that FESS Sinu-Cleanse Hypertonic negatively
affects the mucosal barrier function of the sino-nasal epithelium
in vitro. The mechanism of action of this effect and whether a
specific ingredient in FESS Sinu-Cleanse Hypertonic might be
responsible is unknown. FESS Sinu-Cleanse Hypertonic con-
tains 20mg/g Sodium Chloride and an undisclosed amount of
Sodium bicarbonate and Xylitol and is mainly used during post-
operative nasal care. The mean pH and osmolarity have been
shown to be respectively 8.05 and 778 mmol/l, making this so-
lution hyper-osmolar . FESS Sinu-Cleanse has been estimated
to have a high ionic strength of >500mM and compromised the
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Figure 8. Effect of FESS Sinu- Cleanse Hypertonic on Trans-Epithelial
Electrical Resistance, Paracellular permeability and cell viability of HNEC
monolayers derived from control patients. A 5 minute application of
FESS Sinu-Cleanse Hypertonic, followed by washing, followed by wash
with PBS and application of medium, was followed by TEER measure-
ments at different time points (5min, 10 min, 30 min, 2h, 4h and 24h) (A);
Paracellular permeability of FITC-dextrans measured after 24h (B); cell
viability measured using an Lactate Dehydrogenase (LDH) assay after 24
h (C). The values are shown as means + SEM, n = 3, *** = p<0.001, ** =
p<0.01. The FITC-dextrans and LDH assay statistical analysis were carried
out using t-tests and the TEER analysis was performed using ANOVA, fol-
lowed by Tukey’s HSD post hoc test.

fungicidal activity of lysozyme, an innate immune peptide with
bactericidal and fungicidal activity. This effect was not specific
for FESS Sinu-Cleanse however as different (commercial) nasal
irrigation solutions including nasal saline (0.9% NaCl) could
inhibit the fungicidal effects of lysozyme in vitro 9. It is well
known that the ionic strength of solutions applied to epithelial
cell monolayers can influence TEER readings and it could be that
the acute observed effect of reduced TEER values is at least in
part dependent on the high ionic strength of FESS Sinu-Cleanse.
Another ingredient of FESS Sinu-Cleanse is Xylitol, a naturally
occurring penta-hydroxy sugar-alcohol that is present in a wide
variety of fruits and vegetables. Xylitol is a safe and well tolera-
ted compound, has established anti-bacterial and anti-biofilm
activities and in a recent randomized, double-blinded, control-
led crossover pilot study, it was shown that Xylitol in water was
well-tolerated for sinonasal irrigation and resulted in greater
improvement of symptoms of CRS compared to saline irrigation
BV, Further experimentation would be needed to determine the
molecular mechanisms and responsible factors of mucosal bar-
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rier dysfunction after application of FESS Sinu-Cleanse Hyperto-
nic. Regardless, our investigations used an in vitro assay and it is
premature to draw conclusions for the in vivo situation. Namely,
whilst in our in vitro assay, the solutions are in direct contact
with the HNEC monolayers for up to 24 hours, nasal irrigation
solutions are typically flushed through the nose and therefore
only have brief direct encounters with the mucosal surface in
vivo. FESS Sinu-Cleanse Hypertonic is a buffered hypertonic
solution and is specifically promoted to clear the nasal and sinus
cavities of dried blood and mucus post sinus surgery and it may

needed to determine the effects of different commercial pro-

ducts on mucus clearance and mucosal barrier function in vivo.
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