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Does the maxillary sinus have a triggering role in nasal 
nitric oxide synthesis?*

SUMMARY 
Objectives: We investigated whether the maxillary sinus plays a stimulatory role in nasal nitric oxide (NO) synthesis. Research on 
sinusitis and nasal polyps has found low NO levels in exhaled air and linked this to obstruction of the ostium. However, the major 
source of NO in exhaled air is thought to be the nasal mucosa. In this study, Streptococcus pneumoniae was applied to the maxil-
lary sinus to investigate changes in NO synthesis of the nasal mucosa.

Methods: An experimental study was performed with New Zealand white rabbits. Three groups, pneumococcus, control and 
sham, were created. The maxillary sinus of the pneumococcal group was exposed to Streptococcus pneumoniae suspension. 
Before and after the exposure, bilateral biopsy specimens were taken from the inferior turbinate. Specimens were examined by 
RT-PCR for expressions of endothelial nitric oxide synthase (e-NOS) and inducible nitric oxide synthase (i-NOS). Physiological saline 
solution was administered to the maxillary sinus in the control group and biopsies were obtained. The sham group underwent 
only biopsy.

Results: A significant increase in i-NOS expression of tissue samples from the pneumococcal group on the same and opposite 
sides were detected. There was no increase in e-NOS expression in this group. The control and sham groups had no significant 
change in i-NOS or e-NOS expression.

Conclusion: In the acute period after the maxillary sinus is exposed to a pathogen, i-NOS expression increases in the nasal 
mucosa, but endothelial NOS expression is not affected. Consequently, a combined response in the maxillary sinus and the nasal 
mucosa for nitric oxide synthesis is shown in the present study. 
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Introduction 
Nitric oxide (NO) is a mediator that plays a role in numerous 
biological activities such as circulation, platelet functions, immu-
nity and neurotransmission. It is synthesized from L-arginine, a 
semi-essential amino acid, through nitric oxide synthase (NOS). 
NOS has three isoforms: endothelial NOS (eNOS), neuronal NOS 
(nNOS), and inducible NOS (iNOS). NO is found in its gas form 
in breathing air and its major source is the upper respiratory 

airway mucosa. It is thought to function as a part of the defense 
system against infections (1).

NO has pro-inflammatory and anti-inflammatory effects as 
a mediator in nasal physiology (2). NO amount is significantly 
increased in case of inflammation (i.e. allergic rhinitis). Lundberg 
demonstrated that the maxillary sinus was the main source of 
NO (3). However, Haight et al. have showed that 12% of NO in 
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nasal breathing air originates from maxillary sinus (4). Thus, nasal 
epithelium has a significant role in NO production and upper 
respiratory mucosa is the source of most of the NO in exhaled air 
(3,5). The amount of NO in exhaled air is reduced during inflam-
mation such as chronic sinusitis and nasal polyposis in which 
the osteomeatal complex is blocked (1,2). NO produced in the 
maxillary sinus cannot be transferred into nasal breathing air 
when the ostium is closed due to inflammation. However, this 
also leads to a contradiction that the NO level, which is sup-
posed to be increased during inflammation, does not change 
and the contribution of paranasal sinuses to the amount of NO 
in exhaled air is low even if the osteomeatal complex is blocked. 
This suggests a completely different question whether inflam-
mation in maxillary sinus induces an inflammatory response in 
the nasal mucosa, which is at the outside of the maxillary sinus. 
The aim of the present study was to investigate if inflammation 
in maxillary sinus had a triggering role or common response in 
inducing an inflammatory response in the nasal mucosa.

Materials and method
Animal study
The present study was conducted in the Department of Otola-
ryngology in Canakkale Onsekiz Mart University. The study was 
approved by the local Ethics Committee. Twenty-one 6-month 
old New Zealand white rabbits were included and taken care 
of under optimum conditions in the animal laboratory. Three 
groups were formed as pneumococcus, sham and control. A 
sufficient number of Streptococcus pneumoniae (ATCC 49619) co-
lonies grown on 5% sheep blood agar plates were suspended in 
sterile saline and adjusted to a 0.5 McFarland turbidity standard 
using the DensiChek densitometer (bioMerieux, France). Anes-
thesia was induced by intramuscular ketamine (35 mg/kg) and 
xylazine (5 mg/kg) injection.
Right maxillary sinus was chosen as the intervention site. Maxil-
lary sinus was accessed by a syringe from approximately 1 cm 
anterior and inferior of the eye. During this procedure, injection 
depth was determined based on the level of puncture of the 
thin bone lamella located in the anterior wall of the maxillary 
sinus and 0.1 ml of bacterial suspension was injected into the 
sinus. Three nasal mucosa biopsies were obtained from the infe-
rior nasal concha using a micro-cup forceps before and one and 
five minutes after the procedure. The procedure was performed 
for both right and left nasal cavity. Tissue biopsies were perfor-
med from anterior, middle and posterior regions of the concha 
and stored at -80ºC. 
In the control group, 0.1 ml of 0.9% NaCl was injected into the 
maxillary sinus and tissue samples were obtained. In the sham 
group, tissue samples were obtained without any intervention 
in maxillary sinus. 

NOS expression analysis
Rabbit nasal mucosa tissues were used for genomic RNA isola-
tion and cDNA synthesis. Total genomic RNA was extracted from 
rabbit mucosa from each sample by the High Pure RNA tissue kit 
(Roche Diagnostics GmbH, Germany) and cDNA by the Trans-
criptor first strand cDNA synthesis kit (Roche Diagnostics). The 
NOS2 and NOS3 expressions were detected using LightCycler 
TaqMan Master kit by LightCycler 2.0 real time PCR system (Ro-
che Diagnostics). For the expression analysis, 4µl of LightCycler 
TaqMan Master mix, 1.4 µl of PCR-grade water, 0.2 µl of forward 
primer, 0.2 µl of reverse primer, 0.2 µl of probe and 5 µl of cDNA 
template were used. The hypoxanthine-guanine phosphoribo-
syltransferase (HPRT) gene was used as a reference gene in the 
detection of NOS2(iNOS) and NOS3(eNOS) expressions in the 
tissues.
The LightCycler 2.0 (Roche Diagnostics) system software pro-
gram was used for the detection of gene expressions and rela-
tive quantification-monocolour was performed in the detection 
of expression levels.  

Statistical analysis
Data analysis was performed using Statistical Package for the 
Social Sciences (SPSS) version 16.0 for windows. The iNOS and 
eNOS levels were calculated as mean ± standard deviation in 
the study groups. Friedman test was used for the intragroup 
comparisons and Kruskal-Wallis test was used for the intergroup 
comparisons. p values < 0.05 were considered statistically 
significant.

Results
According to our results, statistically significant increase in iNOS 
expression was noted in the right side biopsies, one and five 
minutes after the procedure in the pneumococcus group (p = 
0.001). However, no increase in eNOS expression was observed. 
There was no significant change in iNOS or eNOS expression 
levels in the control and sham groups (Table 1 and 2).

Statistically significant increase in iNOS expression was also 
noted in the left side biopsies after the procedure in the pneu-
mococcus group (p = 0.002); however, there was no significant 
change in eNOS expression. Moreover, there was no significant 
change in both gene expressions in the control and sham 
groups (Table 3 and 4).

Discussion
Nitric oxide, a free radical gas, is produced by various cells 
throughout the body and serves to regulate a vast number of 
physiological and pathophysiological processes including blood 
flow, neurotransmission, host defense, platelet function and 
inflammation (1-3). NO is synthesized by NOS, which has three 
isoforms: eNOS, nNOS and iNOS (1). In the literature, the roles of 
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NO in the upper airways have been reported as protection from 
infections as the part of host defense, mediators of pro-inflam-
matory and anti-inflammatory effects and regulators of muco-
ciliary clearance (2). Inducible NOS is expressed in white blood 
cells, epithelial cells and other cells in response to proinflamma-
tory cytokines and bacterial components. During inflammation, 
iNOS is upregulated and NO concentration increases. High NO 
concentration and its products are cytotoxic to viruses, bacteria, 
tumor cells and possibly even host cells. Thus, their benefit or 
harm to the host during inflammation is still an issue of debate 
(3).

In 1991, Gustafsson et al., evaluated the presence NO in exhaled 
breath of the experimental animals (6). Two years later, Alving et 
al. found higher NO levels in nasal breath compared to those in 
orally exhaled air, which suggested a contribution from the up-
per airways (7). However, in their study conducted on cases with 
tracheostomy, Lundberg et al. reported higher NO levels in nasal 
exhalation, intermediate levels in oral breath, and lower NO 
levels in air exhaled through the tracheostomy (3). Analyses on 
the amount of NO by aspiration of maxillary sinus have revea-
led that maxillary sinus is the major area containing NO in the 
sino-nasal region (3).  On the contrary, in their study, Haight et al. 

suggested that the main source of NO in exhaled air was nasal 
mucosa. They found that blocking the osteomeatal complex and 
the spheno-ethmoid recess resulted in only 12% decrease in the 
overall nasal NO concentration (4). However, further studies are 
still needed to identify the main source of NO.

NO can be measured directly or indirectly. With the indirect 
method, NOS expression and products of NO metabolism are 
analyzed; whereas, with the direct method NO is measured by 
chemiluminescence, in which detection is based on the pho-
tochemical reaction between NO and ozone (1). In the present 
study, NOS expression was evaluated in tissue samples by PCR 
analysis of RNA levels.

In many studies, the association between NO and inflammatory 
conditions such as allergy, nasal polyposis or asthma has been 
evaluated (8). Li et al. reported an increase in iNOS expression in 
experimental animals that come into contact with an allergen, 
while there was no change in eNOS and nNOS expression (9). Yük-
sel et al. and Chiba et al. also found similar results (10,11). In a study, 
Takeno et al. reported that higher levels of NO was produced 
through the concomitant expression of different NOS isoforms 
(NOS2 and NOS3) in the nasal epithelial cells of the patients with 

Right nasal cavity i-NOS before procedure 
(10-4)

i-NOS
1st minute (10-4)

i-NOS
5th minute (10-4)

p value

Pneumococcus 2,7 ± 1,25 146,41 ± 96,55 2375,82 ± 2057,90 0,001*

Sham 1,44 ± 0,59 0,78 ± 0,31 4,02 ± 2,02 0,368

Control 1,26 ± 0,44 1,48 ± 0,90 17,9 ± 13,92 0,066

p value 0,58 0,009* 0,003*

Table 1. Inducible NOS (i-NOS) expression values of the right nasal mucosa biopsy samples before the procedure, and in the first and fifth minute 

after.

*: statistically significantt

Table 2. Endothelial NOS (e-NOS) expression values of the right nasal mucosa biopsy samples before the procedure, and in the first and fifth minute 

after.

Right nasal cavity e-NOS
before procedure

e-NOS
1st minute

e-NOS
5th minute

p value

Pneumococcus 0,25 ± 0,06 0,3 ± 0,08 0,33 ± 0,13 0,867

Sham 0,20 ± 0,04 0,1 ± 0,03 0,25 ± 0,09 0,097

Control 0,23 ± 0,06 0,28 ± 0,08 0,23 ± 0,04 0,651

p value 0,791 0,61 0,797
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allergic rhinitis (12). Furthermore, in recent studies, high levels of 
iNOS expression and activity have been demonstrated in nasal 
polyp tissue samples (13,14). 

In various studies in the literature, pathogenic microorganisms 
have been shown to increase the epithelial expression of iNOS. 
In 1998, Hess et al. revealed an increase in iNOS expression in 
the nasal mucosa exposed to bacterial lipopolysaccharides (15). 
In their study Dowling et al. used Pseudomonas aeruginosa to 
infect the nasal epithelial cell culture and reported an increase 
in iNOS expression (16). Furthermore, Stark et al. demonstrated 
induced NO production and increased iNOS activity against res-
piratory syncytial virus (RSV) (17). Likewise, a number of respira-
tory viruses including adenovirus, rhinovirus, and influenza virus 
have been found to induce the production of NO (17). In a study 
in which the tissue samples from inferior turbinate mucosa have 
been examined in chronic rhino-sinusitis patients, an increase 
in NO expression has been observed (18). On the contrary, several 
studies have reported a decrease in the concentration of NO 
in nasal exhaled breath. In another study, reduced NO levels in 
acute maxillary sinusitis have been reported to be improved 
after antibiotic therapy (19). Moreover, lower NO concentration le-
vels in cases with chronic sinonasal infection compared to those 
in the control cases have been reported in several studies (20,21). 

Some authors have also suggested that blocking of osteomeatal 
complex due to sinusitis lead to decrease in nasal NO concen-
tration. Alobid et al. noted an increase nasal NO in patients with 
severe nasal polyposis and treated with steroids. They sugge-
sted that steroid treatments improve increase NO by opening 
osteomeatal complex (22). 

Obstruction of osteomeatal complex may lead to impairment 
of the communication between the nasal cavity and maxillary 
sinus and, thus, reduces the nasal NO concentration in exhaled 
air. On the other hand, pathologic microorganisms or infection 
leads to an increase in the NOS expression in sino-nasal mucosa. 
Accordingly, the results of studies evaluating the effects of sinus 
infections on the concentration of NO in nasal breathing air and 
NOS tissue expression level are controversial. Naturally, obstruc-
tion of the ostium is expected to affect the NO concentration 
in the exhaled air in this proportion. Presence of pathologic 
microorganisms also leads to upregulation of NOS expression 
and an increase in the NO concentration. 

To our knowledge, there have been no studies investigating 
the presence of infected material within the maxillary sinus and 
whether it affects the NOS expression in the nasal mucosa or 
not. In the present study, we investigated the acute changes in 

Left nasal cavity e-NOS
before procedure

e-NOS
1st minute

e-NOS
5th minute

p value

Pneumococcus 0,12 ± 0,02 0,07 ± 0,01 0,12 ± 0,04 0,191

Sham 0,16 ± 0,05 0,14 ± 0,03 0,13 ± 0,07 0,156

Control 0,25 ± 0,07 0,25 ± 0,07 0,33 ± 0,09 0,368

p value 0,248 0,044* 0,106

*: Statistically significant

Table 3. Inducible NOS (i-NOS) expression values of the left nasal mucosa biopsy samples before the procedure, and in the first and fifth minute after.

Left nasal cavity i-NOS before procedure 
(x10-4)

i-NOS
1st minute (x10-4)

i-NOS
5th minute (x10-4)

p value

Pneumococcus 14,36 ± 9,44 392,09 ± 368,03 288,21 ± 240,73 0,002*

Sham 0,58 ± 0,22 0,61 ± 0,29 3,14 ± 2,17 0,895

Control 1,07 ± 0,43 2,04 ± 0,96 2,25 ± 1,38 0,867

p value 0,106 0,007* 0,007*

Table 4. Endotelial NOS (e-NOS) expression values of the left nasal mucosa biopsy samples before the procedure, and in the first and fifth minute after.
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NOS expression in the nasal mucosa following injection of bac-
terial suspension into the maxillary sinus. The levels of iNOS and 
eNOS expressions in the tissue samples obtained from inferior 
turbinate following pneumococcus injection into maxillary sinus 
were evaluated. Bacterial suspension was injected into the right 
maxillary sinus and samples were obtained from both right and 
left sides. There was a significant increase in iNOS expression 
in the tissue samples obtained from both nasal cavities in the 
pneumococcus group. However, we did not observe an increase 
in the eNOS expression in these tissue samples. Our results sug-
gested that there was an acute increase in NO synthesis in the 
nasal mucosa in response to the presence of infected material 
within the maxillary sinus. In addition, there was a common res-
ponse against infected material in the maxillary sinus and nasal 
mucosa. It might be proposed that the infective material may 
itself reach the nasal cavity and induce this response. However, 
we observed a similar increase in the iNOS expression in the 
contralateral side tissue samples as well.
 
Considering that maxillary sinus and nasal mucosa develop a 
common response and most of the NO in breathing air ori-
ginates from the nasal mucosa, question arises as to why NO 
concentrations are noted to be low in chronic sinusitis patients? 
Firstly, paranasal sinuses may be contributing to nasal NO 
concentration more than it was noted in the Haight et al. study 
and this reduction may be due to ostium obstruction. Secondly, 
there may be a reduction in NOS expression in the presence of 
chronic sinus infection. Several cytokines such as IL-4, IL-6 and 
transforming growth factor have been detected in the sinus 
mucosa in the patients with chronic sinusitis and these cytoki-
nes have been shown, both in vitro and in vivo, to decrease NOS 
expression (1). In the present study, there was an increase in the 
NOS expression during initial contact with the pathogen, but 
there might have also been reduction at some point during the 
sinusitis process. Expression in nasal mucosa might have also 
been reduced due to the common response. Thirdly, there might 
be an interruption between the mucosa and lumen, possibly 
due to excessive mucoid secretions. It has been demonstrated in 
a study evaluating NO concentration inside the maxillary sinus 
lumen air that NO level was normal in repeated aspirations and 
that there was a constant production (23). Thus, there might be a 

mechanism in the mucosa detecting the reduction in NO con-
centration within the lumen and there might be a reduction in 
NO level due to impairment in the relationship between mucosa 
and lumen. However, further studies are needed to elucidate 
these assumptions. 

Our study has some limitations as this study also showed a 
response against S. pneumonia, which is a common pathogen of 
acute rinosinusitis rather than chronic rinosinusitis. Our findings 
including acute changes in iNOS in an acute bacterial sinusitis 
model may have little relevance to chronic sinusitis that`s been 
going on for months and may be more inflammatory rather than 
bacterial in nature, especially if it is a polypoid disease. Further-
more, we investigated a common response in maxillary sinus 
and nasal mucosa to the pathogen, not an exact sinusitis model. 
Of course, results in animals cannot always be extrapolated to 
man. Additionally, our study is designed with a lower number of 
cases. However, we found an increase in NOS expression in first 
and fifth minute biopsy samples. It can be thought that this is a 
rapid inflammatory response like an allergic reaction, but further 
studies are needed to define the involved mechanisms.

Conclusion
In the present study, we found that there was an acute increase 
in the iNOS expression in the nasal mucosa in response to the in-
jection of a pathogenic microorganism (Streptococcus pneumo-
niae into the maxillary sinus. A common response in terms of NO 
synthesis in the maxillary sinus and nasal mucosa was noted. It 
was also noted that eNOS was not affected. NO is an important 
molecule in the upper respiratory airway defense mechanism; 
however, there have been studies showing that its production 
is decreased in the presence of active sinus infection. Further 
studies are needed to elucidate the exact mechanism.
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