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Objective: To evaluate the efficacy of xylitol nasal irrigation (XNI) treatment on chronic rhinosinusitis (CRS) and
to investigate the effect of XNI on nasal nitric oxide (NO) and inducible nitric oxide synthase (iNOS) mRNA in
maxillary sinus.
Materials and methods: Patients with CRS were enrolled and symptoms were assessed by Visual Analog Scale
(VAS) and Sino-Nasal Outcome Test 22 (SNOT-22). Nasal NO and iNOS mRNA in the right maxillary sinus were
also examined. Then, they were treated with XNI (XNI group) or saline nasal irrigation (SNI, SNI group) for
30 days, after which their symptoms were reassessed using VAS and SNOT-22, and nasal NO and iNOS mRNA
in the right maxillary sinus were also reexamined.
Results: Twenty-five out of 30 patients completed this study. The scores of VAS and SNOT-22 were all reduced
significantly after XNI treatment, but not after SNI. The concentrations of nasal NO and iNOS mRNA in the right
maxillary sinus were increased significantly in XNI group. However, significant changes were not found after
SNI treatment. Furthermore, there were statistical differences in the assessments of VAS and SNOT-22 and the
contents of nasal NO and iNOS mRNA in the right maxillary sinus between two groups.
Conclusions: XNI results in greater improvement of symptoms of CRS and greater enhancement of nasal NO and
iNOS mRNA in maxillary sinus as compared to SNI.

© 2017 Elsevier Inc. All rights reserved.
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1. Introduction

Chronic rhinosinusitis (CRS) is an inflammatory disease involving
the nasal and paranasal sinusmucosa. It is defined as chronic inflamma-
tionwhen it lasts longer than 3monthswithout complete symptom res-
olution. CRS is a common health problem which significantly affects
quality of life. The disease has been estimated to affect 12.5% to 15.5%
of the total population in theUnited States and 10.9% in Europe [1,2]. Sa-
line irrigation has been shown to be beneficial for patients with CRS [3].

Xylitol is a five-carbon sugar alcohol that has gained extensive atten-
tions in the past decades as a natural antibacterial agent. It decreases
the salt concentration of human airway surface liquid that contains
many antimicrobial substances, which can contribute to the improve-
ment of the innate immune system, and thereby prevent airway infec-
tions [4,5]. In addition, this agent can exert antibacterial actions through
disrupting glucose cell-wall transport and intracellular glycolysis, thus
inhibiting bacterial growth [6]. An elegant study reported that xylitol
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nasal irrigation (XNI) could improve symptoms of CRS clinically [7]. How-
ever, the study did not evaluate the inflammatory conditions of the
paranasal sinuses of those patients.

It iswell known that nitric oxide (NO)provide afirst-line defense via
its antiviral and antibacterial action and via its upregulation of ciliary
motility [8]. High concentrations of NO are found in normal paranasal si-
nuses, and the lack of NOmay lead to the pathogenesis of sinus inflam-
mation [9]. The epithelial cells in the paranasal sinuses were identified
as the major source of NO in some studies, and inducible nitric oxide
synthase (iNOS) would account for most of this NO production [10,
11]. Measurement of nasal NO may be a useful tool in the diagnosis,
management and assessment of patients with CRS [12].

A previous study demonstrated that xylitol at 5% stimulated NO pro-
duction from macrophage, which inhibited macrophage infection by
Leishmania amazonensis [13]. Macrophage is involved in chronic inflam-
mation of paranasal sinuses though generating NO and cytokines [14,15].
Therefore, it is reasonable to hypothesize that xylitol treatment may con-
trol the development of CRS through regulating the NO concentration
produced by macrophage or other cells located in sinus mucosa. Based
on the above findings, we sought to explore the therapeutic potential of
XNI in treating CRS and the influence of XNI on the inflammatory condi-
tions of paranasal sinuses.
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2. Materials and methods

2.1. Study design

This study was designed as a prospective, randomized, double-
blinded, controlled pilot study. Recruitment was done in the depart-
ment of Otorhinolaryngology-Head and Neck Surgery, Huashan Hospi-
tal of Fudan University, with all patients enrolled between April and
July 2016.

2.2. Study population

Thirty patients with CRS, aged between 35 and 67 years, had under-
gone bilateral functional endoscopic sinus surgery including at least
maxillary antrostomy and anterior ethmoidectomy. Maxillary and eth-
moid sinus patency was confirmed endoscopically to ensure adequate
exposure to the irrigation solutions. Subjects were excluded if they
had a history of allergic rhinitis, asthma, immunocompromise, cystic fi-
brosis, primary ciliary dyskinesia, active bacterial or fungal infection re-
quiring antibiotics or antifungal medications, history of head and neck
irradiation, current smoking, pregnancy, or granulomatous disease.

2.3. Study protocol

Therewere two study visits. At thefirst visit, patients underwent the
evaluations that included clinical history, nasal endoscopy, Visual Ana-
log Scale (VAS) and Sino-Nasal Outcome Test 22 (SNOT-22). Then, a
30-day treatment regimen was assigned in accordance with an inde-
pendently generated random code to one of the following groups: xyli-
tol (Acros Organics, Fair Lawn, NJ, USA)was premeasured and packaged
in our hospital pharmacy into unlabeled, sealed packets each containing
12 g of the sugar. Participants were given 30 of these packets, and
instructed to dissolve the contents of one packet in 240 mL of water
(5% wt/vol) in a nasal irrigation bottle (Qiangjian medical instrument
Co., Ltd., Yangzhou, China). Then, they were instructed to perform
nasal irrigation (37 °C) bilaterally once daily and to use one packet
daily for 30 days (xylitol nasal irrigation group, XNI group). Fresh solu-
tion was prepared for every use. Standard buffered isotonic salt packets
(Nasal Rinse Mix, Qiangjian medical instrument Co., Ltd., Yangzhou,
China) were packaged into unlabeled, sealed packets to maintain
blinding. Each patient was given 30 of these packets and instructed to
dissolve the contents in 240 mL of water in the nasal irrigation bottle.
Then, theywere instructed to performnasal irrigation (37 °C) bilaterally
once daily and to use one packet daily for 30 days (saline nasal irrigation
Fig. 1. Nasal irrigation technique.
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group, SNI group). Also, fresh solution was prepared for every applica-
tion. The technique of nasal irrigation was shown in Fig. 1A and B. At
the second visit (after 30-day treatment), the scores of VAS and SNOT-
22 were reassessed. During the whole study period, patients were
instructed not to use any other drugs for the treatment of CRS.

2.4. Measurement of nasal NO

Nasal NOmeasurement was performed according to published pro-
cedures [13]. Patients had to refrain from eating and drinking at least for
1 h before themeasurement. The procedures were performed using the
NIOX MINO® Airway Inflammation Monitor (Aerocrine AB, Solna,
Sweden). The nasal air was obtained directly from one nostril using
the intrinsic flow of the electroluminescence analyzer with a target air-
flow rate of 0.25 L/min (aspiration/insufflation flows of ~5 mL/s). The
probe was connected to a polystyrene nasal olive and gently inserted
into the vestibulum of one nostril. The contralateral nostril was left
open. To avoid contamination by NO originated from the lower airway,
the patient was required to exhale orally against a resistance in order to
close the soft palate. A nasal NO plateau showed steady state after ~20 s.
The level of nasal NO was recorded.

2.5. Assessment of iNOS mRNA in the right maxillary sinus

Samples of mucosa in the right maxillary sinus of patients were
taken endoscopically using a cup forceps device with local anesthesia
and were frozen at−70 °C for mRNA extraction. Total RNA of samples
was extracted with Trizol (Invitrogen, Carlsbad, CA) and treated with
RNase-free DNase. For reverse transcription, 2 μg of the previouslymen-
tioned RNA was reversely transcribed with random hexamers
(Invitrogen, Carlsbad, CA), and complementary DNA(cDNA)was ampli-
fied according to the manufacturer's instructions. Primers were de-
signed using Primer Express Software (Applied Biosystems, Foster
City, CA) from sequence available in GenBank and were synthesized
(Geneland Biotech, Shanghai, China). Real-time reverse transcription
polymerase chain reaction (RT-PCR) was performed to detect the
mRNA of iNOS. iNOS primers were forward primer 5′-TGGATGCAACC
CCATTGTC-3′ and reverse primer 5′-CCCGCTGCCCCAGTTT-3′.
Glyceraldehyde-3-phosphate dehydrogenasemRNAwas also examined
to control the sample-to-sample variation in RNA isolation and integrity
by using a pair of primers: forward primer 5′-ACCACAGTCCATGCCATCA
C-3′ and reverse primer 5′-TCCACCACCCTGTTGCTGTA-3′. After initial
denaturation at 95 °C for 10 min, the amplification profile was 15 s of
denaturation at 95 °C and 1 min of annealing and extension at 60 °C
A, preparation. B, irrigation.
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for 45 cycles. Negative control RT reaction mixtures contained no re-
verse transcriptase and no cDNA in the PCR amplification mixtures.
For measurement, 2 μL of diluted cDNAwas amplified in a total reaction
volume of 20 μL by using a 7500 real-time PCR System (Applied
Biosystems, Foster City, CA)with 20× SYBRGreenmixture (Invitrogen).
Specificity of PCR products was evaluated bymelting curve analysis and
by size in agarose gels. Using 3 dilutions of cDNA, linearity of PCR ampli-
fication was controlled. Evaluation of data was performed using the
cycle threshold (ΔCT) method with glyceraldehyde-3-phosphate dehy-
drogenase as internal standard.
2.6. Adverse effects

There were no adverse effects during the study period whether in
XNI group or in NSI group.
2.7. Ethical considerations

The studywas approved by the Ethics Committee of Huashan Hospi-
tal of Fudan University (no. 2014-249), and written informed consent
was obtained from all participants.
2.8. Statistical analysis

The sample size was determined based on the reduction of the score
of SNOT-22 in a previous pilot study, which suggested that 13 subjects
per group would be required to detect a 2.4 difference in the SNOT-22
score reduction with an error of 0.05 (two tailed) and overall power
(1-β) of 90%. Considering a loss of 10% of patients at follow-up, we re-
cruited 15 participants in each study group. Statistical analysis was per-
formed using a commercially available statistical software prism 6.0
(GraphPad Software Inc., San Diego, Calif., USA). The significance of
changes within groups was assessed using the paired Student's t-test,
and changes between groups were assessed using the Mann-Whitney
U test. Datawere expressed asmeans± SEMs. p b 0.05were considered
to be statistically significant.
Fig. 2. CONSORT fl
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3. Results

3.1. Patient clinical characteristics and demographics

Of thirty patients, only twenty-five finished the study. Four subjects
were excluded for poor adherence to treatment, and one did not com-
plete the study for other reasons (Fig. 2). Demographic and clinical char-
acteristics were similar between the two groups at baseline (Table 1),
and there were no statistical differences in gender and age between
them (Fig. 3A and B).

3.2. Comparisons of XNI and SNI group before treatments

The scores of VAS (Fig. 3C) and SNOT-22 (Fig. 3D), and the concen-
trations of nasal NO (Fig. 3E) and iNOS mRNA in the right maxillary
sinus (Fig. 3F) before treatments were not statistically different be-
tween XNI and SNI group.

3.3. Effects of XNI treatment on CRS

There was a significant decrease after XNI treatment whether in the
VAS (Fig. 4A) or in the SNOT-22 score (Fig. 4B). As for nasal NO and iNOS
mRNA in the right maxillary sinus, the present study showed statistical
increases of them after XNI intervention (Fig. 4C and D).

3.4. Effects of SNI treatment on CRS

For the treatment of SNI, we found there was no clinically significant
decrease in the VAS (Fig. 5A) and SNOT-22 score (Fig. 5B). Furthermore,
the study demonstrated that the concentrations of nasal NO and iNOS
mRNA in the right maxillary sinus were also not enhanced significantly
by the SNI treatment (Fig. 5C and D).

3.5. Comparisons of XNI and SNI treatment on CRS

To further verify which had better efficacies on CRS, we compared
the scores of VAS and SNOT-22 between these two treatments. The
study indicated that there were statistical differences between them,
ow diagram.
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Table 1
Demographic and clinical characteristics the patients (n = 30).

Patient characteristics XNI group SNI group

Total no. of patients 15 15
Age (mean years ± SEM) 50.9 ± 2.3 50.1 ± 2.1
Sex (male/female) 7/8 9/6
No. of patients withdrawn 2 3
Adverse effects 0 0

XNI = xylitol nasal irrigation. SNI = saline nasal irrigation.
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and XNI reduced these scores more than that after SNI (Fig. 6A and B),
furthermore, XNI treatment increased significantly nasal NO and iNOS
mRNA in the right maxillary sinus in comparison to those with SNI
treatment (Fig. 6C and D).

4. Discussion

This study was designed as a randomized blinded controlled trial,
furthermore, there were no statistical differences in gender, age, the
scores of VAS and SNOT-22 and the concentrations of nasal NO and
iNOS mRNA in the right maxillary sinus before treatments between
XNI and SNI group. All of the above reduced potential bias.

On the basis of research on the airway surface liquid located on the
surface of upper and lower airway epithelium which can inhibit micro-
bial infection dependent on innate antimicrobial agents such as lyso-
zyme, lactoferrin, human β defensins and cathelicidin LL-37 in the
secretions [16], xylitol has been used in ear, nose and throat practice be-
cause of its role in the decrease of the salt concentration of the above liq-
uid [17]. Furthermore, the agent inhibits the growth of Streptococcus
pneumoniae in the presence of glucose, and also provides anti-
adhesive effects on both Streptococcus pneumoniae and Haemophilus
influenzae [18,19]. These micro-organisms are most likely to cause CRS
in human [20]. Recent studies have suggested that xylitol may act to de-
stroy Staphylococcus aureus biofilms [21,22] which often contribute to
refractory CRS [20]. Additionally, an experimental study indicated that
xylitol reduced induced sinusitis when administered simultaneously
with bacteria in rabbit maxillary sinus [23]. Therefore, it is reasonable
to think that we can use this sugar to treat CRS through its capability
of enhancement of the body's own innate bactericidal mechanisms
and suppression of growth of pathogenic bacteria. In 2011, a pilot
study that was to evaluate the tolerability of xylitol as an irritant
Fig. 3.Differences in demographic and pre-treatment characteristics of patients. A, gender. B, ag
xylitol nasal irrigation. SNI, saline nasal irrigation. The values shown were expressed as means
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when mixed with water in 5% wt/vol demonstrated that xylitol in
water was a well-tolerated agent for sinonasal irrigation [7]. But the
study did not present an evaluation of the inflammatory conditions of
the sinuses.

Based on the above investigations, we performed this study to eval-
uate 5% xylitol in water nasal irrigation treatment for CRS. As shown in
the study, there were no statistical differences between two groups in
the pre-treatment characteristics of patients including gender, age, the
relevant scores of VAS and SNOT-22. After 30-day intervention, the out-
comes suggested that treating CRS with XNI contributed to the im-
provements of VAS and SNOT-22 score, consistent with another study
[7], however, there was no statistical differences in the assessments of
VAS and SNOT-22 in SNI group, which was inconsistent with other pre-
vious studies [24,25] The reason for the ineffectiveness of normal saline
irrigation on CRS might be that the sample size was too small or the
duration of investigation was too short or others. We will carry out
relevant studies further. In addition, XNI treatment reduced the VAS
and SNOT-22 score more when compared to SNI. These findings indi-
cated that 5% xylitol solution could improve the symptoms of CRS
clinically.

More andmore studies demonstrate that nasal NO levels in patients
with CRS are significantly lower than those in normal subjects, which
implies that NO possibly acts as an important mediator of innate muco-
sal defense mechanisms against sinus infection [9,26]. Measurement of
nasal NO has become a useful tool in the assessment of CRS patients
[12]. The epithelium located in the paranasal sinuses is themajor source
of NO, and will produce a large amount of NO production after its syn-
thetase iNOS expression [10,11]. On the basis of these previous re-
searches, we examined the concentrations of nasal NO and iNOS
mRNA in the right maxillary sinus of patients to further evaluate the ef-
ficacy of XNI treatment on CRS.

The present study showed that treatment of CRS with XNI led to the
significant increases of nasal NO and iNOS mRNA in the right maxillary
sinus. But there were no statistical differences in the assessments of
them in SNI group. Furthermore, the levels of nasal NO and iNOS
mRNA in the right maxillary sinus in XNI group were increased more
than those in SNI group. The result suggested that xylitolmight promote
the repairs of epithelial cells in the paranasal sinuses of CRS patients
through inhibiting bacterial infections of sinuses. The inhibitory effects
may be the results of the decrease of the salt concentration of sinuses
surface liquid or/and the direct interfering of growth of bacteria existing
e. C, VAS score. D, SNOT-22 score. E, nasal NO concentration. F, fold induction of iNOS. XNI,
± SEMs. n.s., not significant.
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Fig. 4. Clinical improvements and changes of nasal NO and iNOS mRNA in the right maxillary sinus after XNI treatment. A, VAS score. B, SNOT-22 score. C, nasal NO concentration. D, fold
induction of iNOS. Pre, pre-treatment. Post, post-treatment. The values shown were expressed as means ± SEMs. ***p b 0.001.
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in the sinuses. As a result, these cells expressed more iNOS mRNA in
order to improve innate defense system. Consequently, a large amount
of NO was produced from these epithelial cells to prevent the sinus
inflammation.
Fig. 5. Clinical improvements and changes of nasal NO and iNOSmRNA in the right maxillary s
induction of iNOS. Pre, pre-treatment. Post, post-treatment. The values shown were expressed

Please cite this article as: Lin L, et al, Xylitol nasal irrigation in the treatmen
and Neck Medicine and Surgery (2017), http://dx.doi.org/10.1016/j.amjot
These findings clearly show that xylitol has a definite efficacy on CRS
although this study has some limitations such as a small number of pa-
tients, a short duration and the absence of the effect of xylitol on the
growth of bacteria cultured from sinuses. Further studies on the
inus after SNI treatment. A, VAS score. B, SNOT-22 score. C, nasal NO concentration. D, fold
as means ± SEMs. n.s., not significant.
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Fig. 6.Differences in post-treatment clinical characteristics of patients and changes of nasal NO and iNOSmRNA in the rightmaxillary sinus between XNI and SNI treatment. A, VAS score. B,
SNOT-22 score. C, nasal NO concentration. D, fold induction of iNOS. The values shown were expressed as means ± SEMs. **p b 0.01. ***p b 0.001, ****p b 0.0001.
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underlying mechanisms of the effect of XNI and SNI were needed to be
performed. There was another relevant point worth mentioning here.
CRS can be divided into two phenotypes dependent on the presence
of nasal polyps: CRS with nasal polyps (CRSwNP) and CRS without
nasal polyps (CRSsNP) [20]. Based on a previous study, the nasal NO
concentration appeared to be dependent on both the allergic status
and the degree of obstruction of the paranasal sinuses under the condi-
tion of CRS including CRSwNP and CRSsNP [27]. However, patients were
excluded if they had a history of allergic rhinitis in this present study. In
addition, all patients included in the study undergone bilateral function-
al endoscopic sinus surgery. That is to say, the obstruction of paranasal
sinuses might not be taken into account. Therefore, patients with
CRSwNP or CRSsNP would not affect the relevant results.
5. Conclusion

In conclusion, this study indicates that XNI improves the scores of
VAS and SNOT-22, and also increases the contents of nasal NO and
iNOS mRNA in maxillary sinus. However, there are no statistical differ-
ences in the above assessments after SNI treatment. XNI results in great-
er improvement of symptoms of CRS and greater enhancement of nasal
NO and iNOS mRNA in maxillary sinus as compared to SNI.
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