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INTRODUCTION

A nasal polyp (NP) is defined as a pedunculated benign

mucosal protuberance emanating from mucoperiosteal or

mucoperichondrial tissue, and filled with an edematous and

fibrous stroma enclosing blood vessels, mucous glands, and

inflammatory cells [1,2]. NPs, most commonly originate from

the lateral nasal wall in the area of the ethmoidal clefts, tend to

be bilateral, and obstruct the nasal airway [1,2]. They are often

associated with chronic rhinosinusitis, and have a tendency to

recur despite medical and surgical treatment [1,2].

For NPs, chronic persistent inflammatory reaction of the nasal

and paranasal sinus mucosa is a major determinant irrespective

of the proposed etiologic factors [3,4]. Histological studies

revealed various inflammatory cells (eosinophils, neutrophils,

lymphocytes and their subgroups, plasma cells, mast cells, and

macrophages), and immune mediators (adhesion molecules,

transforming growth factor-β, and various cytokines/ chemo-

kines) in the development and life cycle of NPs [4-7]. 

It is well known that inflammatory cells are important sources

of reactive oxygen species (ROS) [8-10]. ROS may cause tissue

A strong relationship between tissue damage and reactive oxygen species (ROS) has been
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(CL). Three groups of specimens were studied. Group 1 composed of NPs of 15 patients, and
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SUMMARY

Figure 1. Origins of reactive oxygen species (ROS) in biological 

systems were shown. The major sources of O2.- include mitochondrial

respiration, “nicotinamide adenine dinucleotide phosphate oxidase” 

catalyzed reaction for bacterial killing, and xanthine dehydrogenase

conversion to xanthine oxidase during ischemia and reperfusion injury.

ROS may contribute to the pathogenesis of diseases directly 

or through oxidation products of lipids, proteins, and nucleic acids

(O2.-, superoxide radical; H2O2, hydrogen peroxide; MPO, myeloperox-

idase; .OH, hydroxyl radical).
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damage by chemical modification of cellular proteins, carbo-

hydrates, nucleotides, and lipids (Figure 1) [8-10]. ROS mediat-

ed damage has been implicated in the pathogenesis of several

disease processes, including cataract formation, stroke, athero-

sclerosis, arthritis, tympanosclerosis, and reperfusion injury

[8,9,11,12]. 

The presence and the role of ROS in NP pathophysiology was

investigated in a study by indirectly measuring NP tissue levels

of malondialdehyde (MDA), an aldehyde end product formed

from the decomposition of lipid peroxides by ROS [13]. In this

study, MDA level, an indicator of ROS presence, was mea-

sured to be higher when compared to normal nasal mucosa,

and it was proposed that ROS should have been considered in

the pathophysiology of NPs [13]. 

In another study, the relationship between nitric oxide (NO),

which probably plays a major role in the nonspecific defense of

the nasal cavity; and superoxide anion, an important ROS

component was evaluated in NP tissue. It was shown that

phagocytic-derived superoxide anion production could con-

tribute to a decrease in sinus NO concentration, and thus alter

the natural local defence [14]. It was argued that these events

could participate in chronic mucosal inflammation, and 

contribute to the pathophysiology of NP [14]. 

Chemiluminescence (CL) is a well established and sensitive

technique of estimating ROS generation, which measures 

light production as a by-product of oxidative metabolism, and

has been utilized to demonstrate the involvement of ROS in

various disease states [14-16].

The aim of the present study was to directly detect ROS in NP

by measuring luminol and lucigenin amplified CL.

MATERIALS AND METHODS

Patients

This study involved 30 new patients operated on in our depart-

ment due to nasal polyposis (n=15), and septal deviation

and/or turbinate hypertrophy (n=15). The diagnosis of nasal

polyposis was based for all patients on the following criteria: 1)

the visualization of bilateral polyps in the nasal cavities on

anterior rhinoscopic and endoscopic examinations and 2) the

existence of bilateral opaque areas located in the anterior

and/or posterior ethmoidal sinuses on paranasal computed

tomography scans (coronal planes). The examination was per-

formed without contrast medium. None of the patients had a

history of allergy, asthma, or aspirin sensitivity. All patients

(groups 1-3) showed negative results to skin prick test with 43

common allergens. The patients who had received either oral

or nasal corticosteroids or oral antihistamines were excluded

from the study. 

Biopsies

The tissue specimens were harvested before topical anesthesia

and decongestant applications during the endonasal interven-

tions. Punch biopsy from the superficial layer of the nasal

polyp (group 1) and macroscopically uninvolved nasal mucosa

(groups 2 and 3) provided a representative tissue of approxi-

mately 1x1x0.5 mm3.

NP specimens (group 1) were obtained from 15 patients 

(9 men and 6 women; average age, 36; age range, 21-64) under-

going endoscopic nasal surgery due to nasal polyposis. Besides

polypoid tissue specimens, healthy appearing nonpolypoid

nasal mucosa of the same patients (group 2) was also studied.

The tissue specimens of group 2 were obtained from inferior

meatal mucosa. 

Control specimens (group 3) were obtained from 15 patients 

(8 men and 7 women; average age, 29; range, 19-49) under-

going septoplasty and/or inferior turbinectomy operations. 

The nasal mucosal specimens were harvested from inferior

meatal mucosa. None of these patients in group 3 revealed 

any findings related to rhinosinusitis by anterior rhinoscopic,

endoscopic, radiologic, and intraoperative examinations. 

The specimens were collected immediately, washed with ice-

cold saline, and transferred to counting vials in 10 minutes

without mincing, as decribed [17].

Chemiluminesence

CL measurements were made at room temperature using

“Mini Lumat LB 9506 luminometer” (EG&G Berthold,

Germany) in the presence of 0.2 mM luminol and 0.2 mM

lucigenin. Each vial was observed continually, and counts were

obtained at 5-second intervals for a counting period of 5 

minutes. The results were given as the area under curve

(AUC) to assess the diagnostic accuracy of lucigenin and 

luminol amplified CL. Counts were corrected for wet tissue

weight [rlu/mg tissue, (rlu: relative light unit)] after CL 

measurements, as decribed [18]. 

Statistical analysis

The results are given as median values. The significance of 

differences between groups were estimated by analysis of

Wilcoxon signed rank test and Mann Whitney U test. The 

differences were considered significant when the probability

was p 0.05.

RESULTS

Luminol CL measurements revealed significant differences

between ROS constituents of NP (group 1) and control (group

3) samples. Luminol CL level was 59.6 rlu/mg tissue in the NP

group (group 1), and 20.3 rlu/mg tissue in the control group

(group 3) (p 0.0005) (Figures 2 and 3). 

Median value of luminol CL level was found to be 32.00

rlu/mg tissue in group 2, with no significant difference (p 0.05)

when compared with group 3 (p 0.05); and with a statistically

significant difference, when compared with group 1 (p 0.01),

although the values were found to be significant between

group 1 and 3 (Figures 2 and 3). 

Similiar findings were obtained with lucigenin CL measure-

ments. There was a significant difference between ROS con-

stituents of NP (group 1), and control (group 3) tissue samples.



Ros in nasal polyps 187

Lucigenin CL level was 36.0 rlu/mg tissue in the NP group

(group 1), and 15.7 rlu/mg tissue in the control group (group 3)

(p 0.0005) (Figures 4 and 5).

The measurement of median value of lucigenin CL level in

group 2 was found to be 29.7 rlu/mg tissue, although this level

was higher than group 3 (15.7 rlu/mg tissue), there was no 

statistically significant difference between group 2 and 3. There

was a significant difference, when compared with group 1 

(p 0.0005) (Figure 4).

DISCUSSION

The current study demonstrated increased levels of ROS in

NP. High levels of these reactive species indicated the propaga-

tion of inflammation and tissue damage. 

The presence of inflammatory cells such as eosinophils, neu-

trophils, macrophages, lymphocytes, and myofibroblasts were

proposed to be closely related to the development epithelial

cell injury in NPs [4-7]. Eosinophils represent the most pre-

dominant infiltrating inflammatory cell type in NPs, and

eosinophilia were found to be more prevalent in rhinosinusitis

associated with nasal polyposis [6-8]. In a recent study, it was

found that chronic rhinosinusitis patients with serum

eosinophilia have worse prognosis when compared with con-

trol patients after endoscopic sinus surgery [20]. In another

study, it was shown that the peripheral eosinophil count

increased with increasing severity of nasal disease [21].

Eosinophils in the systemic circulation are activated to migrate

from the peripheral vascular system into the nasal tissue in

nasal polyposis and chronic rhinosinusitis [6,22].

Eosinophils were found to be major sources of tissue damage

via generating ROS in asthmatic patients [23]. It was shown

that NADPH oxidase complex, the mechanism involved in

superoxide anion production activity, had been more abundant

in eosinophils than in neutrophils [24]. Thus, epithelial cell

damage and mucosal edema predisposing to NP development

could be related to generation of ROS by eosinophils. In NP

samples, lucigenin amplified CL was significantly correlated

with eosinophils abundance [14]. 

ROS are capable of causing irreversible and prolonged tissue

damage, and injury [10]. In acute otitis media, increased ROS

production was measured indirectly with MDA and lipid per-

oxide levels, and it was proposed that increased lipid peroxide

levels could be related to mucosal damage [25,26]. 

ROS was considered in the development and life cycle of NP

by showing increased MDA levels in polypoid tissues [13]. It

was argued that superoxide anion production could decrease

sinus NO concentration, and could further contribute to the

pathophysiology of NP [14]. In our study, we used the CL

method to measure ROS levels directly, as described [12,16]. 

CL is a universal property of organic substances that are able

to undergo an oxidation reaction sufficiently exothermic to

produce a light emitting state, and may be utilized as a direct

method for measuring ROS [27]. Due to potential variability

and low intensity of native CL, investigators introduced the

use of enhancer compounds, luminol, and lucigenin [28].

When added to an in vitro biological system, luminol and 

lucigenin function as bystander-substrates for oxygenation,

and form high levels of excited-state products and CL [28].

Although, the reliability of this sensitive technique has been

recently questioned [29], luminol detects hydrogen peroxide,

hydroxyl radical, hypochloride, and peroxynitrite, whereas 

lucigenin is particularly sensitive to superoxide radical [17,28]. 

ROS mediated tissue damage was well documented in other

disease states, but the role of these highly reactive species in

NP etiopathogenesis was obscure. In our study, both luminol

and lucigenin CL measurements revealed significant increases

in ROS levels in NP specimens when compared to control 

tissues. Although ROS may not be involved in the starting

point of inflammation, they could be fundamental in an ongo-

ing inflammation, and may cause additional tissue damage. It

was shown that oxygen mediated cell damage had been an

important feature of eosinophils which are abundant in NP

[21,23,24]. Additionally, it is known that ROS are also impor-

tant chemoattractants for inflammatory cells [4,6,22].

Figure 2. Comparison of luminol chemiluminescence (CL) median 

values. 

Figure 3. Correlation between luminol enhanced chemiluminescence

of control and nasal polyp tissue versus time (each time interval= 

15 sec) (rlu, relative light unit; weight= mg tissue).
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The integrity of the nasal mucosa could be changed in NPs 

by local mechanisms triggered by multiple factors.

Hypersensitivity states (allergy, asthma, and aspirin sensitivity)

might be related to atopic NP development by having an

impact on eosinophilic recruitment and activation [4]. ROS

mediated tissue damage and autonomicity of inflammation

may be one of the local mechanisms in nonatopic NP develop-

ment. The hypersensitive patients are expected to produce 

differences in local ROS levels. They are excluded from the

study to prevent their contribution to the local inflammatory

processes, and to bring an explanation to NP development by

providing an isolated ROS mediated injury mechanism in

nonatopic states.

The presence of ROS in NP tissue is particularly important for

two reasons; First, they may lead to autonomicity of inflamma-

tion with their cheomoattracting properties. Second, they

cause tissue damage directly by peroxidating the cellular mem-

brane structural lipids and leading cell death. The latter action

is also an important step in the propagation of local tissue

inflammation by itself.

In our study, CL measurements of healthy appearing nonpoly-

poid nasal mucosa (group 2) of the NP patients revealed values

that were scattered between the other two groups. Although

insignificant, ROS levels of the nonpolypoid nasal mucosa

were found to be higher than normal controls. From this point

of view, it is conceivable that, there could be a slowly progres-

sive silent inflammation and mucosal damage in these regions,

and it seems that these regions could be candidates for NP

development in the future. Nevertheless, although the inflam-

matory reactions seem to be very intense in the NPs, when

compared with nonpolypoid nasal mucosa, it is logical to say

that, inflammatory reactions and ROS mediated cellular injury

may cover the whole mucosal lining of the nasal cavity, despite

changes in intensity in different nasal regions. Due to the

pathological content of the polypoid nasal mucosa, some of

the specimens had values scattered within the normal range

(Figures 2 and 4).

In the treatment of NP, steroids decrease the inflammatory

response of nasal mucosa, particularly by lowering the number

and the activity of eosinophils, thus lowering the ROS levels. 

It could be proposed that, in the future, intranasal medication

with antioxidants in addition to steroids may aid in decreasing

epithelial cell damage by lowering ROS levels directly [12]. 

So, following studies should concentrate on the clinical usage

of antioxidant agents in the medical management of nasal

polyposis. 

In our study, by measuring high ROS levels in NP samples, 

a strong relationship between tissue damage in NPs and ROS

has been demonstrated. This study shows the presence of ROS

in nasal polyps but further studies will probably define the role

of ROS in nasal polyposis by demonstrating NP development

after a change in the nasal mucosal levels of ROS.
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