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Objective: Comparison of the total oxidant status (TOS),
total antioxidant status (TAS) and paraoxonase (PON1)
serum levels in patients with nasal septum deviation (NSD)

and healthy subjects.

Methods: The TAS, TOS, and PON1 serum levels of 47
patients with NSD (mean age 35.3) and 50 healthy subjects
(mean age 37.8) were compared in this study.

Results: We found significantly higher TAS levels in the
control group (p<0.001). The mean TAS value was 1.196
mmoL/L in the control group, whereas it was 1.046
mmoL/L in the NSD group. On the other hand, TOS was
significantly higher in the NSD group (p<0.001). We found

Introduction

Nasal septum deviation (NSD) is a deformity of
the nasal septum from midline, and the resulting
nasal obstruction may lead to hypoxia (1, 2). The
NSD may alter cellular metabolism due to hypox-
ia. Some cellular compartments may disappear, and
the release of free oxygen radicals from lysosomes
may increase (3). Studies have reported that the
production of free oxygen radicals increases after
hypoxia/re-oxygenation periods (4).

In an organism, there is an equilibrium between
antioxidant and oxidant molecules. Antioxidants
keep free oxygen radicals within the physiological
limits and alleviate their harmful effects (5).

If this equilibrium shifts against antioxidants,
oxidative stress occurs, resulting in damage due
to free radicals (6). Free oxygen radicals play a
role in the pathogenesis of various diseases, in-
cluding cancer, systemic lupus erythematosus,
diabetes, atherosclerosis, rheumatoid arthritis,
and Behget’s disease (7).

that the mean TOS value was 6.600 mmoL/L in the control
group, and 20.194 mmoL/L in the NSD group. The NSD
and control groups had similar PON1 levels (p=0.446). The
mean PON1 value was 279.64 U/L in the control group,
and 324.21 U/L in the NSD group.

Conclusion: We detected higher TOS and lower TAS levels
in patients with NSD compared to healthy subjects. These
results indicate that patients with NSD are exposed to oxi-
dative stress.

Keywords: Nasal obstruction, nasal septum deviation, total
oxidant status, total antioxidant status, paraoxonase

Recently, studies have focused on oxidant/an-
tioxidant molecules. Although it is possible to
measure plasma concentrations of oxidant mole-
cules separately, this is not feasible as those mole-
cules may affect each other. For this reason, Total
Oxidant Status (TOS) measurement that reflects
the general oxidant status was developed (8-10).
TOS measurement is more informative than
measurements of antioxidants individually. Thus,
instead of individual antioxidants, measurements
of the Total Antioxidant Status (TAS) are more
commonly used (8). The Paraoxonase (PON1) is
an ester hydrolase associated with high-density
lipoprotein (HDL) that can hydrolyze paraoxon,
which is a strong inhibitor of cholinesterases (11,
12).

In our study, we compared the TAS, TOS, and
PON1 serum levels in patients with NSD and
healthy controls. Our study is the first study that
investigates the new oxidative stress measurement
methods, TAS and TOS, along with paraoxonase
levels in patients with NSD.
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Methods

This study was conducted at Otorhinolaryngology Depart-
ment of Hitit University School of Medicine, between January
1, 2016, and June 31, 2016. Gaziosmanpaga University Eth-
ics Committee approved the study protocol (decree no: 15-
KAEK-191). Forty-seven patients with NSD and 50 healthy
subjects between the ages of 18 and 50 years were recruited.
The NSD was diagnosed based on the presence of nasal ob-
struction complaint, and anterior rhinoscopy and nasal endos-
copy showing NSD. The exclusion criteria for the NSD group
were the presence of atherosclerotic heart disease, malignancy,
hypertension, severe systemic diseases, allergies, nasal polyps,
diabetes mellitus, and nasal pathologies other than the isolated
NSD. Exclusion criteria for the control group were nasal pol-
yposis, allergy, bronchial asthma, tumors, and history of previ-
ous sinonasal surgery, or any chronic disease that had destroyed
the anatomic structures.

All patients and controls provided their written informed con-
sents. Blood samples were collected between 8 and 10 a.m. Ten
milliliters of venous blood was collected from all participants
into vacuum biochemistry tubes. The blood samples were centri-
fuged for 10 minutes at 4000 rpm after waiting for 30-45 min-
utes, the sera were separated, and stored at -80°C in Eppendorf
tubes until analysis.

Measurement of TAS, TOS, and paraoxonase: We employed
Erel’s methods for analysis (8, 10).

TOS levels were measured with fully automated Rel Assay kit
(Rel Assay Diagnostics kit; Mega Tip, Gaziantep, Turkey) us-
ing colorimetric and an autoanalyzer (Vital Scientific, Selectra/
Flexor E, Hollanda). The results were presented as pmol H202
equivalent/L (8).

Fully automated RL0O031 Rel Assay® kit (Rel Assay Diagnos-
tics kit; Mega Tip, Gaziantep, Turkey) and Abbott Architect®
¢16000 auto analyzer were used for TAS measurements. The re-
sults were presentedas micromolartrolox/L (8, 9).

We measured the Paraoxonase levels with fully automated
RelAssay® kit (Rel Assay Diagnostics kit, Mega Tip, Gaziantep,
Turkey), in Abbott Architect® ¢16000 autoanalyzer. The results
were presented as U/mol. PON1 enzyme breaks paraoxon into
p-nitrophenol (diethyl-p-nitrophenyl phosphate) when activat-
ed in the Tris buffer by calcium ions. p-nitrophenol has a molar
absorptivity of 18.290 M-1 cm-1, and one unit of paraoxonase
activity is equivalent to 1 mole/min at 37°C (8).

Statistical analysis

We used the Statistical Package for the Social Sciences package
program (version 22.0, IBM Corp.; Armonk, NY, USA) for sta-
tistical analysis. Shapiro-Wilk test was used to test distribution
of normality. The descriptive statistics were presented as follows:
Continuous variables were presented as the mean+standard
deviation, the median (min-max) according to distribution hy-
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potheses, and the categorical variables were presented as number
and percentage. Independent sample t test was used to compare
the mean values of two independent, normally distributed con-
tinuous variables. Non-normally distributed independent con-
tinuous variables were compared with Mann-Whitney U test.
'The significance level was set at p<0.05.

Results

There were 25 males and 22 females (n=47, mean age 35.3) in
the NSD group, and 23 men and 27 women (n=50, mean age
37.8) in the control group. The age of the patients in the NSD
and control groups ranged between 18 and 50 years. Two groups
were similar with regard to age and gender.

When the control and NSD groups were compared, the TOS was
significantly higher in the NSD group (Table 1). However, the
TAS was significantly higher in the control group (p<0.001) (Ta-
ble 2). Two groups had similar PON1 levels (p=0.446) (Table 3).

Discussion

We found that TOS was significantly higher in patients with
NSD when compared to the control group. The TAS values,
however, were statistically significantly higher in the control
group. Analysis of the PON1 values did not show any signifi-
cant difference between the groups. As far as we know, TAS and
TOS have not been studied in patients with NSD and compared
with the controls, our study being the first one that investigated
TAS, TOS, and PON1 in patients with NSD.

Kazkayas: et al. (13) studied nasal packing and suturing after sep-
toplasty in terms of oxidative stress. They measured malondialde-
hyde (MDA), suphydril (SH), and nitric oxide (NO) levels, and
they did not find a significant difference between packing and su-
turing groups. They concluded that suturing the septum after sep-
toplasty did not affect the oxidant-antioxidant system negatively.

Alkan et al. (14) studied serum oxidative stress parameters before
and after nasal packing in patients who underwent septoplasty.
When compared with the preoperative serum levels, the serum
MDA levels decreased, but NO and catalase levels increased. A
decrease in the MDA levels that indicates oxidative stress, and
an increase in the antioxidant catalase, shows that patients with
NSD are exposed to oxidative stress. Similarly, in our study, we
have detected that TOS, and thus oxidative stress, was higher in
patients with NSD when compared to the control group.

Table 1. Comparison of total oxidant status in NSD and control
groups

Median
Groups n Mean+SD (min-max) p
Control 50  6.600£17.24 1.59 (0.02-107)
TOS NSD 47 20.194x16.79 33.1(0.08-38.8)  p<0.001*
Total 97  13.187+18.26 2.38(0.02-107)

*Mean difference is significant

NSD: nasal septal deviation; SD: standard deviation; TOS: total oxidant status
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Table 2. Comparison of total antioxidant status in NSD and control
groups

Groups n Mean+SD p
C 1 50 1.196+0.15
TAS ontro * p<0.001*
NSD 47 1.046+0.15

*Mean difference is significant
NSD: nasal septal deviation; SD: standard deviation; TOS: total oxidant status

Table 3. Comparison of paraoxonase levels between NSD and control
groups

Median
Groups n  Mean+SD (min-max) P
PON  Control 50  279.64+152.48 204.5 (92-618) p=0.446
NSD 47 324.21+213.69 259.0 (38-947)
Total 97 301.24+185.06 243.0 (38-947)

NSD: nasal septal deviation; SD: standard deviation; PON1: paraoxonase

Ekinci et al. (15) in their study found that there was a signif-
icant difference between the TAS and TOS levels before and
after septoplasty. They reported that the mean TAS value after
septoplasty increased and the mean TOS value decreased. As a
result, they reported that patients with NSD were exposed to
less oxidative stress after septoplasty.

There is a balance between antioxidant and oxidant molecules in
an organism. Oxidative stress occurs if this balance shifts against
antioxidants (6). In recent years, instead of measurements of in-
dividual antioxidants, TAS, which measures the total antioxi-
dant value, is commonly used (8). As the oxidant molecules may
affect each other, TOS measurement was developed to reflect
the total antioxidant status instead of individual measurements
(8-10). Some studies investigated the effects of the oxidative
system and antioxidant enzyme levels on various diseases in-
cluding migraine, head and neck tumors, chronic tonsillitis, na-
sal polyps, adenoid hypertrophy, Behget’s disease, and chronic
obstructive lung disease (16-21).

A study by Bozkus et al. (16) has shown increased oxidative
stress parameters in serum and tissues of patients with nasal pol-
yposis when compared to patients with turbinate hypertrophy
and nasal septal deviation.

In our study, we compared the NSD and control groups and
found that the TOS was significantly higher in the NSD group,
whereas the TAS was significantly higher in the control group.
There was no significant difference detected between the NSD
and the control groups regarding PON1. We concluded that the
increase in TAS in the control group was caused by an increase
in antioxidants other than PON1 enzyme.

Our study has some limitations. First, NSD was not graded, and
relations between the patient symptom scores and oxidative pa-
rameters were not studied. Moreover, we suppose that it may
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be helpful to measure those levels pre- and post-operatively in
patients undergoing septoplasty.

Conclusion

In patients with NSD, the TOS levels were increased, and the
TAS levels were decreased, compared to the control group. This
shows that patients with NSD are exposed to oxidative stress.
Larger, more comprehensive studies are needed to investigate
this subject. We suggest that comparison of pre- and postoper-
ative TAS, TOS, and PON1 levels in patients who underwent
septoplasty may be helpful in this respect.

Ethics Committee Approval: Ethics committee approval was received
for this study from the ethics committee of Gaziosmanpaga University
(decision no: 15-KAEK-191).

Informed Consent: Written informed consent was obtained from pa-
tients who participated in this study.

Peer-review: Externally peer-reviewed.

Author Contributions: Concept - A.E.; Design - A.E.; Supervision
- M.O.; Resource - A.E., D.K.; Materials - A.E., D.K.,, A.Y; Data
Collection and/or Processing - A.E., D.K., A.Y.; Analysis and/or In-
terpretation - E.D., A.E.; Literature Search - A.E.; Writing - A.E,,
M.O.; Critical Reviews - M.O.

Conflict of Interest: No conflict of interest was declared by the authors.

Financial Disclosure: This study was funded by Hitit University Sci-
entific Research Projects, project number is TTP19001.16.002.

References

1. Dinis PB, Haider H. Septoplasty: long-term evaluation of results.
Am ] Otolaryngol 2002; 23: 85-90. [ CrossRef ]

2. Akgali C. Nazal septum hastaliklar1. Celik O, Editor. Kulak Burun
Bogaz Hastaliklari ve Bag Boyun Cerrahisi. Izmir. 2007, s. 472.

3. Droge W. Free radicals in the physiological control of cell func-
tion. Physiol Rev 2002; 82: 47-95. [ CrossRef ]

4. Shamsuzzaman AS, Gersh BJ, Somers VK. Obstructive sleep ap-
nea: implications for cardiac and vascular disease. JAMA 2003;
290: 1906-14. [CrossRef |

5. Kiroglu AF, Noyan T, Oger M, Kara T. Oxidants and antioxidants
in tonsillar and adenoidal tissue in chronic adenotonsillitis and ad-
enotonsillar hypertrophy in children. Int J Pediatr Otorhinolaryn-
gol 2006; 70: 35-8. [CrossRef ]

6. Sies H. Oxidative stress: oxidants and antioxidants. Exp Physiol
1997; 82: 291-5. [ CrossRef |

7. Uslu C, Taysi S, Bakan N. Lipid peroxidation and antioxidant en-
zyme activities in experimental maxillary sinusitis. Ann Clin Lab
Sci 2003; 33: 18-22.

8. Erel O. A new automated colorimetric method for measuring total
oxidant status. Clinical Biochemistry 2005; 38: 1103-11. [CrossRef]

9. Rice-Evans C, Miller NJ. Total antioxidant status in plasma and
body fluids. Methods Enzymol 1994; 234: 279-93. [CrossRef]

10. Erel O. A novel automated method to measure total antioxidant
response against potent free radical reactions. Clinical Biochemis-
try 2004; 37: 112-9. [CrossRef]

11. Mackness MI, Durrington PN, Mackness B. The role of paraox-
onase 1 activity in cardiovascular disease. Am J Cardiovasc Drugs
2004; 4: 211-7. [CrossRef |


https://doi.org/10.1053/ajot.2002.30987
https://doi.org/10.1152/physrev.00018.2001
https://doi.org/10.1001/jama.290.14.1906
https://doi.org/10.1016/j.ijporl.2005.05.006
https://doi.org/10.1113/expphysiol.1997.sp004024
https://doi.org/10.1016/j.clinbiochem.2005.08.008
https://doi.org/10.1016/0076-6879(94)34095-1
https://doi.org/10.1016/j.clinbiochem.2003.10.014
https://doi.org/10.2165/00129784-200404040-00002

128 Ekinci et al. Nasal Septal Deviation and Oxidative Stress

12.

13.

14.

15.

16.

Durrington P, Mackness B, Mackness M. Paraoxonase and atheroscle-
rosis. Arterioscler Thromb Vasc Biol 2001; 21: 473-80. [ CrossRef |
Kazkayas1 M, Dinger C, Sezikli H, Arikan K, Caglayan O. The
effect of suturing technique and nasal packing on oxidative stress
in septoplasty operations. Kulak Burun Bogaz Thtis Derg 2008; 18:
35-9.

Alkan Z, Yigit 0, Acioglu E, Server EA, Uzun H , Civelek S.The
effect of nasal packing on oxidative stress in septoplasty operation.
Turk Arch Otolaryngol 2013; 51: 20-2. [CrossRef |

Ekinci A, Karatag D, Yetis A, Demir E, Ozcan M. The effects
of septoplasty surgery on serum oxidative stress levels. Eur Arch
Otorhinolaryngol 2017; 274: 2799-802. [ CrossRef ]

Bozkus F, San I, Ulas T, Iynen I, Yesilova Y, Guler Y, et al. Eval-
uation of total oxidative stress parameters in patients with nasal

polyps. Acta Otorhinolaryngol Ital 2013; 33:248.

17.

18.

19.

20.

21.

Turk Arch Otorhinolaryngol 2017; 55: 125-8

Koc S, Aksoy N, Bilinc H, Duygu F, Uysal 10, Ekinci A. Paraox-
onase and arylesterase activity and total oxidative/anti-oxidative
status in patients with chronic adenotonsillitis. Int J Pediatr Oto-
rhinolaryngol 2011; 75: 1364-7. [ CrossRef]

Rahman I, MacNee W. Role of oxidants/antioxidants in smoking-in-
duced lung diseases. Free Radic Biol Med 1996; 21: 669-81. [ CrossRef |
Yagci R, Ozyurt H, Akbas A, Aydin B, Odiik E, Eksioglu M, et al.
Total antioxidant capacity, total oxidant status and dehydroepiandros-
terone sulphate levels in Behcet’s Disease. Ret-Vit 2007; 15: 263-6.
Yilmaz N, Aydin O, Yegin A, Tiltak A, Eren E. Increased levels
of total oxidant status and decreased activity of arylesterase in mi-
graineurs. Clinical Biochemistry 2011; 44: 832-7. [CrossRef]
Kog S, Akytiz S, Somuk BT, Soyalic H, Yilmaz B, Abdullah T, et al.
Paraoxonase activity and oxidative status in patients with tinnitus.
J Audiol Otol 2016; 20:17-21. [CrossRef ]


https://doi.org/10.1161/01.ATV.21.4.473
https://doi.org/10.5152/tao.2013.05
https://doi.org/10.1007/s00405-017-4546-3
https://doi.org/10.1016/j.ijporl.2011.07.017
https://doi.org/10.1016/0891-5849(96)00155-4
https://doi.org/10.1016/j.clinbiochem.2011.04.015
https://doi.org/10.7874/jao.2016.20.1.17

