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Investigation of Changes in Oxidative
Stress Before and After Nasal Packing
Following Nasal Septoplasty

Septoplasti Operasyonunu Takiben Uygulanan
Burun Tamponu Oncesi ve Sonras1 Oksidatif
Stresteki Degisimin Arastirilmasi

ABSTRACT Objective: The aim of the study was to investigate the changes of the oxidant and
antioxidant system in blood samples before and after nasal packing following nasal septoplasty.
Material and Methods: A total of 23 patients, 7 females and 16 males, who were planned to undergo
nasal septoplasty were included in the study. Nasal packing was removed at postoperative 48 hours
in all patients. Blood gases, serum advanced oxidation protein products (AOPP), serum and
erythrocyte malondialdehyde (MDA) levels, and catalase (CAT) activity were measured at
preoperative 24 hours (period 1), postoperative 24 hours (period 2) and on postoperative day 15
(period 3) in all subjects. Results: pO2, pCO2, O2 saturation and HCOs values were similar at all
three periods. MDA level was lower and CAT activity in erythrocyte was higher at period 3
compared to periods 1 and 2. Serum CAT activity was also increased at period 3 compared to period
1. Serum MDA and AOPP levels did not change among the periods. Conclusion: The findings
suggest that a decrease in oxidative stress as indicated by the decrease in lipid peroxidation and
increased CAT activity may have a protective role via free radical-scavenging properties 15 days
after the operation.

Key Words: Antioxidants; nasal obstruction; oxidative stress

OZET Amag: Bu calismada septoplasti operasyonunu takiben uygulanan burun tamponu éncesi ve
sonrasl, oksidan ve antioksidan sistemdeki degisiklerin aragtirilmasi amaglanmstir. Gereg ve Yon-
temler: 7’si kadin, 16’s1 erkek olmak tizere toplam 23 hasta ¢aligmaya katilmigtir. Biitiin hastalarda
burun tamponu operasyondan 48 saat sonra ¢ikarilmigtir. Kan gazlar analizi, serum ileri protein ok-
sidasyon tiriinii (AOPP), serum ve eritrosit malondialdehit (MDA) diizeyi ve katalaz (KAT) ak-
tivitesi operasyondan 24 saat 6nce (donem 1) ve operasyon sonrasi 24. saat (dénem 2) ve 15. giinde
(d6nem 3) olgiilmiistiir. Bulgular: Dénemler arasinda; pO2, pCO2, O2 doygunlugu ve HCOs deger-
leri anlamli farklilik gostermemistir. Donem 1 ve 2 ile karsilastirildiginda dénem 3’te; eritrosit MDA
diizeyi anlamli olarak azalma gosterirken, KAT aktivitesi ise anlamli olarak artig gostermistir. Serum
KAT aktivitesi ise donem 3’te, yalnizca donem 1’e gére anlamli artig gostermistir. Serum MDA ve
AOPP diizeyleri agisindan ise dénemler arasinda anlamli degisme gozlemlenmemistir. Sonug: Bu
¢aligmanin sonuglari, burun tamponu uygulamasi ve burun tikanikliginin oksidatif streste artisa yol
acabilecegini ve operasyondan 15 giin sonra KAT aktivitesindeki artisin serbest radikal olusumunu
azaltarak lipid oksidasyonunu azaltabilecegini gostermektedir.

Anahtar Kelimeler: Antioksidanlar; burun tikanikligi; oksadatif stress
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ree radicals are defined as molecules having an unpaired electron on

the outer orbit. They are generally unstable and very reactive. Exam-
ples of oxygen (O2) free radicals are superoxide, hydroxyl, peroxyl,
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alkoxyl, and hydroperoxyl radicals.? Free radicals
are formed in the energy/respiratory pathways of
the body as inflammatory mediators in the immune
system and in other biochemical pathways that are
essential aspects of cellular metabolism. Free radi-
cals may play an important role in the origin of life
and biological evolution, implicating their benefi-
cial effects on the organisms.?

Oxidative stress is defined as an imbalance be-
tween the cellular generation of reactive oxygen
species (ROS) and the capacity of anti-oxidants to
prevent oxidative damage. Throughout the life
cycle, any person may be at a risk of oxidative stress
induced by high rates of O2 use (e.g., strenuous
work and competitive sports), the autoimmune ac-
tivation of immune system cells (e.g., respiratory
burst of polymorphonuclear and mononuclear
cells), and environmental factors (e.g., pollutants
containing nitric oxide, nitrogen dioxide, and hy-
droxyl radicals). Prolonged exposure to free radi-
cals, even at low concentrations, may result in the
damage of biologically important molecules and
potentially lead to DNA mutation, tissue injury,
and disease.>* Thus, although molecular O is es-
sential for aerobic life, it may be toxic under certain
conditions. This phenomenon has been termed the
O2 paradox."® Enzymatic antioxidants such as glu-
tathione peroxidase (GSH-Px), CAT, superoxide
dismutase (SOD) and non-enzymatic antioxidants
such as uric acid, bilurubin, vitamin A, E and ascor-
bic acid limit tissue concentrations of free radicals
and free radical scavengers that have been pro-
duced and conserved during the evolution of aero-
bic life.6

Previous clinical studies pertaining to changes
in blood gases following nasal packing although
agreed that packing was frequently followed by hy-
poxia, observed differing responses in arterial pCO:
to nasal packing.” Under hypoxic conditions, the
decrease in partial pressure of Oz causes less avail-
ability of Oz inside the cell, which is the ultimate
electron acceptor in the electron transport chain.
Superoxide ion-radical (O2.-), the one-electron re-
duction product of molecular oxygen, is a long-sus-
pected first intermediate in chemical reactions
using oxygen as the ultimate electron acceptor.
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SOD converts O2.- to hydrogen peroxide (H202).
A reduction in O availability under hypoxia which
acts as an electron sink may result in the accumu-
lation of reducing equivalents in the mitochondri-
al electron transport chain, thereby leading to
enhanced production of ROS.2? In this way, incre-
ased level of ROS in hypoxia causes oxidative
stress.!® Under hypoxic stress, the cellular defense
systems get disturbed and their activity decrea-

ses. 1112

This is the first study to our knowledge, which
compares the changes in oxidant and antioxidant
system in blood samples after nasal packing fol-
lowing nasal septoplasty.

I MATERIAL AND METHODS

“World medical association decleration of Helsin-
ski Ethical Principles for medical research in-
volving human subjects” was accepted in the
present study, and all subjects provided informed
consent. The study was also approved by the
ethical committee. The study group consisted of
23 patients, 7 females (mean age and standard de-
viation (SD), 32.40 £ 6.28 years) and 16 males
(mean age and SD, 33.73 £ 3.04 years), who were
planned to undergo nasal septoplasty. Nasal pack-
ing was removed at postoperative 48 hours in all
patients.

Three 10 mL venous blood samples were ob-
tained at different time points-preoperative 24
hours (period 1), postoperative 24 hours (period 2)
and on postoperative day 15 (period 3). Blood sam-
ples were placed in three different test tubes, one
including no anticoagulant substance for measur-
ing MDA, AOPP levels and CAT activity. A second
tube that included heparin was used for measuring
blood gases. Measurements of blood gases were
performed immediately by using ABL-5 (Radiome-
ter, Denmark) blood gas analyzer. The last blood
sample was collected into tubes containing EDTA
for erythrocyte measurements. All blood samples
were centrifuged at 2000 rpm for 10 min in a re-
frigerated centrifuge to separate serum and plasma
samples. Plasma and buffy coat were discarded. The
cells were washed with cold 0.15 mol/L sodium
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chloride (NaCl) solution three times. Washed ery-
throcytes were prepared immediately after blood
collection from subjects. All samples were stored at
-70°C until they were analyzed. MDA and CAT
values for erythrocytes were expressed as per gram
of hemoglobin (Hb).

The serum levels of thiobarbituric acid-react-
ing substances (TBARS), an end product of lipid
peroxidation, were measured fluorometrically at
wavelengths of 525 nm for excitation and 547 nm
for emission.13 Serum and erythrocyte MDA
concentration was expressed as nmol/mL and

nmol/gHb respectively.

Determination of AOPP was based on a spec-
trophometric assay according to Witko-Sarsat et al
AOPP levels were expressed in pmol of chlo-

ramine-T equivalents per litre of serum (umol/L).!

The serum CAT activity was determined by
Goth’s colorimetric method, in which a ho-
mogenate was incubated with H>O: substrate and
the enzyme reactions were stopped by the addition
of ammonium molybd ate.”® Serum and erythrocyte
CAT activity (kU) was expressed as kU/L and
kU/gHDb respectively.

Statistical analysis

The results were expressed as mean (X) = SD, me-
dian, minimum and maximum values. In order to
use parametric statistical methods, data were con-
trolled for assumptions. For some variables, de-
parture from the assumptions of parametric tests
was determined. Thus Friedman test which is
used for comparing k dependent samples was
used. Pairwise comparisons were run when the
Friedman test statistics were significant. For pair-
wise comparisons, minimum required difference
(CD) was computed as CD = Z,q4; (Adjusted Z va-
lue is a function of the maximum familywise Type
I error rate, n is the number of observations and k
is the comparisons number). In addition, Spear-
man’s rank (order) correlation coefficient was
used to determine relationships among the vari-
ables within each period.
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I RESULTS

Descriptive statistics for levels of MDA, AOPP and
CAT activities and results of blood gases at all pe-
riods are presented in Table 1. Lower erythrocyte
MDA levels and higher erythrocyte CAT activity
were obtained at period 3 as compared to periods 1
and 2 (p< 0.05). The serum CAT activity was also
higher at period 3 as compared to period 1 (p<
0.05). However, there was no significant difference
regarding serum and erythrocyte MDA levels and
CAT activity between periods 1 and 2. The results
for the remaining parameters were similar at all pe-
riods. Table 2 depicts the correlation between the
parameters. In general, there were significant pos-

itive and negative correlations between the vari-
ables.

I DISCUSSION

Most surgeons still routinely perform nasal pack-
ing after septal surgery since this is generally rec-
ommended. The aims of packing are numerous:
homeostasis, prevention of haematoma, increasing
septal flap apposition, closure of dead space and
prevention of displacement of the replaced carti-
lage. However, nasal packing is an injurious proce-
dure and may lead to cardiovascular changes,
continued bleeding, nasal injury, hypoxia, foreign
body reaction or infection. The major disadvantage
of nasal packing is patient discomfort and the need
to administer antibiotics.'® In adults, obstruction of
the nose by nasal packing has been shown to cause
hypercapnia and sudden death."”

Previous clinical studies pertaining to changes
in blood gases following nasal packing agreed that
the packing was frequently followed by hypoxia
but detected differing responses in arterial pCO2 to
nasal packing. In accordance with other studies;
pO2, pCO2, Oz saturation and HCOs levels did not
change at any time point in the present study.'®"
Based on these observations, it was suggested that
nasal packing is not a important cause for hypoxia
and hypercapnia in the present study. However,
Hady et al have reported significantly increased
pCO2 and HCOs and decreased pO: after nasal
packing.? Slocum et al have reported decreased
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TABLE 1: Descriptive statistics and comparison results for the variables MDA, AOPP, CAT, pO2, pCO2, 02
saturation and HCOS3. (MDA; malondialdehyde, AOPP; advanced oxidation protein products, CAT; catalase, pCO2;partial
carbondioxide pressure, pO2; partial oxygen pressure, 02; oxygen, HCOS; bicarbonate)

Parameters n=23 X +SD Median Min. Max. Friedman test
Serum MDA Period 1 2.30 £1.06 1.87 1.26 4.06 2 =3.231
{(nmol/mL) Period 2 167 .72 1.65 1.02 3.52 DF=2

Period 3 1.95 + .91 2.04 1.24 5.38 p=0.199
Erythrocyte MDA Period 1 0.31+.14 0.33 0.13 0.52 ¥2=8.714
(nmol/gHb) Period 2 0.34+ .24 0.25 0.10 0.92 DF=2

Period 3 0.12£.05 0.1420 0.05 0.22 p=0013
Serum AOPP Period 1 84.63 £ 41.24 77.01 27.60 185.74 v2=3.323
{umol/L) Period 2 104.70 + 44.17 95.55 53.58 193.20 Ser. Der. =2

Period 3 92.39 + 34.48 89.57 48.51 173.31 p=0.190
Serum CAT Period 1 44.50 +30.98 41.26 21.20 111.30 x?=6.020
(kUL) Period 2 54.96 + 34.29 49.18 23.17 170.00 DF=2

Period 3 84.59 £ 71.79 64.00° 25.40 270.30 p=0.049
Erythrocyte CAT Period 1 173.49+294.37  163.02 124.40 495,71 y2=8.23
(kU/gHb) Period 2 177.33+241.52 18370 33.052 454,21 DF=2

Period 3 3194544290 270,012 17.70 825.60 p=0.016
pCO2 Period 1 47.43 +4.12 49.00 40.00 52.00 x?=0543
(mmHg) Period 2 4747 £6.43 46.70 38.00 63.40 DF=2

Period 3 46.42 + 4.65 46.00 39.00 56.00 p=0762
pO2 Period 1 31.94 £19.42 28.50 18.00 104.00 72 =1.900
(mmHg) Period 2 28.47 £ 17.94 25.00 16.20 96.00 DF=2

Period 3 29.09 + 6.81 28.70 17.00 43.00 p =0.387
Oz2 saturation Period 1 50.54 +22.16 54.35 11.00 97.00 ¥?=0.494
(%) Period 2 46.36 + 18.51 43,50 20.00 90.00 DF=2

Period 3 47.34 £17.26 46.50 25.00 76.00 p=0.781
HCO3 Period 1 27.49£2.78 28.00 23.00 34.20 2 =2.800
(mmoliL) Period 2 28.83 £ 3.07 28.45 24.00 34.40 DF=2

Period 3 26.76 + 2.93 26.00 22.00 33.00 p=0.247

*p< 0.05, a; as compared to period 1, b; as compared to period 2. X Mean, SD: Standard deviation, Min: Minimum value, Max: Maximum value, DF: Degrees of freedom.

pO: and similar pCO:2 levels after nasal packing.?!
While the arterial blood samples were used for blo-
od gas analyze by other investigators, we used ve-
nous blood samples in the present study. The
differences in the results of blood gas analyses re-
garding pO2, pCOz, Oz saturation and HCOs levels
may be attributed to this.

Assessments of lipid peroxidation included
the analysis of lipid peroxides, isoprostanes, diene
conjugates, and breakdown products of lipids
(e.g., MDA, ethane, pentane, and 4-hydrox-
ynonenal). Among these products, MDA is often
used as a reliable marker of lipid peroxidation.2
We found decreased erythrocyte MDA level and
icreased erythrocyte CAT activity at period 3 as
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compared to periods 1 and 2. However serum
CAT activity was also increased at period 3 as
compared to only period 1. These results suggest
that oxidative stress is decreased on postoperative
day 15, which may be possibly due to increased
CAT activity. It is known that CAT is located in
peroxisomes and it decomposes hydrogen perox-
ide to water and O2.% It is likely that increased
CAT activity may be the first line defense mech-
anism against oxidative stress. Red blood cells are
an important contributor to the blood’s antioxi-
dant capacity measured as the specific intracellu-
lar enzyme activities (SOD, CAT) and the state of
glutathione system. Blood O2-binding properties
take part in the antioxidant system by establishing
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TABLE 2: The Spearman’s rank (order) correlation coefficients among the variables within each period (MDA; malondial-
dehyde, AOPP; advanced oxidation protein products, CAT; catalase, pCO2; partial carbondioxide pressure, pO2; partial
oxygen pressure, 02; oxygen, HCO3; bicarbonate).

Serum Erythrocyte Serum
n=23 Periods MDA MDA AOPP
Erythrocyte MDA 1 3980

2 469"
3 -.261
Serum AOPP 1 462" 681*
2 406 -.203
3 152 794
Serum CAT 1 -.291 .346 137
2 378 -.098 .399
3 345 515% 564
Erythrocyte CAT 1 .016 -.593* -.165
2 .002 -427* -154
3 -103 345 A467*
pCO: 1 - 723" -.377 -131
2 133 441 147
3 -178 .351 462"
pO2 1 406 423* 550
2 -130 -.336 287
3 .530** -518* -.244
02 saturation 1 421 A24* A15*
2 -112 =375 249
3 207 -310 -316
HCOs 1 -612** 134 .078
2 .384 327 .046
3 -123 455" 505"

Serum Erythrocyte 0;

CAT CAT pCO: pO: saturation
-.440*

182

.661**

262 460"

-014 -566"*

191 178

-.348 -227 -.396

200 .266 -518**

-171 -.293 -.594**

-421 -.250 -.524** .934**

130 252 -.592** 975%

-079 -012 =914 .709*

273 -.284 537 -129 -162
176 -.338 792 -707*  -704*
.295 105 931 -607**  -.874*

*:p< 0.05, *™*: p< 0.01.

tissue O2 transport conditions and tissue pO2 val-
ues.”?*The higher CAT activity in serum and red
blood cells at period 3 may obviously be the re-
sult of endogenous H202 accumulation. The O»-
dependent nature of free radical generation
suggests that blood O: transport influences the
lipid peroxidation activity in biological systems.
Although, we did not observe any changes in the
pO2, pCO:2 and O: saturation values at any time
point, it is well known that the shift of the oxy-
hemoglobin dissociation curve correlates with the
free radical oxidation indices, which allows con-
sidering Hb-O: affinity a factor participating in
the maintenance of the body’s prooxidant-antiox-
idant balance.” In the present study, while the
serum MDA levels were similiar at all periods,
erythrocyte MDA levels significantly decreased at
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period 3. This observation suggests that in re-
sponse to oxidative stress, antioxidant enzymes in
the erythrocyte may protect the cellular functions
with compensatory increases in activity. We did
not find any argument that indicate hypoxia ac-
cording to blood gas analyze. However, we think
that it is necessary to investigate the changes in
oxidative and antioxidant systems in tissue sam-
ples. Therefore, we suggest an experimental ani-
mal study that investigates the changes in oxidant
and antioxidant systems in the nasal tissue before
and after nasal packing.

Plasma AOPP concentration may be a useful
marker in protein oxidative damage, measuring
highly oxidized proteins and especially albumin.26
AOPP concentration did not change at any period
in this study. While a significant correlation was
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present between AOPP and MDA at period 1, the
correlation at periods 2 and 3 was not significant.
AOPP levels are reported to be correlated with
plasma concentrations of dityrosine and advanced
glycation end products-pentosidine as indices of
oxidant-mediated protein damage, but not with
thiobarbituric reactive substances as lipid peroxi-
dation markers.'*

In conclusion, as mentioned above, similar
studies that investigate the effect of oxidative stress
on nasal packing are lacking. This is the first study

reporting the changes in the oxidant and antioxi-
dant system before and after nasal packing. Results
of our study indicate that oxidative stress may de-
crease and the antioxidant enzyme CAT may in-
crease on day 15 after nasal packing. However,
further studies are necessary that investigate
changes in oxidant and antioxidant systems fol-
lowing nasal packing.
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