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Abstract

Purpose: Stasis zone, the zone around the coagulation zone, is important for the prevention necrosis in burns.
Various drugs were studied in literature to prevent necrosis in stasis zone. The previous researches have
shown the effectiveness of Nacetylcysteine treatment on both remote organs and local side in thermal injury.
Demonstration of the effectiveness of N acetylcysteine and Ozone on stasis zone prevention in thermal injury
was the goal of this study.

Methods: For this purpose, 24 4-month-old Wistar albino type female rats weighing 200+20 g were used in the
study. Compound burning model was made in these rats. Next, the compound was applied to the combustion
model to compare the effectiveness of N-acetylcysteine and Ozone. To identfy histopathological destruction
severity a scoring method was applied. Malondialdhyede (MDA), Glutathione Peroxidase (GPx), Superoksid
dismutase (SOD), and catalase (CAT) levels were analyzed in serum samples of the rats to find out the
alterations in the balance between oxidatitaion and antioxidation system.

Results: While the highest MDA levels were observed in group |, the decrease was significant in group Il and Il
(p=0.03 and p<0.02). SOD levels were significantly higher in group Il compared to group Il (p<0.05). CAT levels
were higher in group Il and Il than group | (p<0.001, p<0.001). GPx levels were higher in group Il (p<0.001), and
group Il (p<0.001). Histopathological scores were lower in group Il than group | (p=0.001).

Conclusion: This study showed that both Ozone and N-acetylcysteine are effective agents in rescuing the
stasis site. It was also concluded that Ozone might be more beneficial than N-acetylcysteine.
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Oz

Amag: Pihtilasma bdlgesi etrafindaki bdlge olan duraganlik bdlgesi, yaniklarda nekrozun 6nlenmesi igin
dnemlidir. Literatiirde staz bélgesinde nekrozu énlemek igin gesitli ilaglar caligiimigtir. Onceki arastirmalar,
termal yaralanmada N-asetilsistein tedavisinin hem uzak organlarda hem de lokal tarafta etkinligini gostermistir.
Buna bagli olarak, N-asetilsistein ve Ozonun termal yaralanma duragan bolgesi 6nleme etkinliginde gésteriimesi
amaglanmistir.

Gereg ve yontem: Bu amagla ¢alismada, agirliklari 200+20 g olan 24 adet 4 aylik Wistar albino tipi disi sigan
kullanildi. Bu siganlarda bilesik yanma modeli yapildi. Sonra N-asetilsistein ve Ozonun etkililigini karsilastirmak
icin bilesik yanma modeline uygulandi. Histopatolojik yikim siddetini belirlemek icin bir skorlama yontemi
uygulandi. Oksidasyon ve antioksidasyon sistemi arasindaki dengede meydana gelen degisiklikleri saptamak
icin siganlarin serum oOrneklerinde Malondialdehid (MDA), Glutatyon Perpxidaz (GPx), Superoksid dismutaz
(SOD) ve katalaz (CAT) seviyeleri analiz edildi.

Bulgular: Grup I'de en yuksek MDA dizeyleri gozlenirken, grup Il ve lll'te azalma anlamlydi (p=0.03 and
p<0.02). SOD duzeyleri grup lll'te grup Il'ye goére anlamli olarak yuksekti (p<0,05). CAT seviyeleri grup Il ve
[II'te grup I'den daha yliksekti (p<0,001, p<0,001). GPx diizeyleri grup Il (p<0,001) ve grup Il (p<0,001)'de daha
yuksekti. Histopatolojik skorlar Grup lll'de grup I'den daha disikti (p=0,001).

Sonug: Bu c¢alismada, hem Ozon hem de N-asetilsisteinin, staz boélgesinin kurtarilmasinda etkili ajanlar
oldugunu gostermistir. Ayrica Ozon, N-asetilsisteinden daha faydal olabilecedi sonucuna varilmistir.

Anahtar kelimeler: Yanik, staz bélgesi, antioksidan, ozon, oksidan.
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Introduction

Severe thermal damage causes destruction
of tissues and local infection, whereas excessive
inflammation may cause remote organ injury
[1]. Severe thermal injury causes three different
types of destruction on the burned side. The
zone around the coagulation is known as
the stasis zone. Absolute loss of tissues is
seen in this zone [2]. Oxidative stress is the
leading cause of ischemia-induced necrobiosis.
Thermally injured tissues release mediators
continuously that promotes ongoing destruction
in stasis zone following the first 24 hours of initial
trauma [3, 4]. Protection of this stasis zone from
running on damage is a challenging problem
and is still in the area of active research [5-7].
A variety of different treatment modalities for
stasis zone in addition to sufficient electrolyte
and fluid replacement can found in the literature
[8, 9]. N-acetylcysteine (NAC) not only as a
direct scavenger but also as a well-known
precursor of glutathione peroxidase (GPx) was
the subject of many previous studies. Former
studies demonstrated that a strong antioxidant
NAC administration diminishes the release
of the cytokine on the zone of stasis [10-12].
Ozone was originally applied in medicine in
an empirical and rather imprecise manner for
the last about 200 years since the first report
for sterilization in 1826; and the mechanisms
of Ozone’s action are omnifarious involved in
direct antimicrobial effect, immunoregulation,
antioxidant defenses, epigenetic modification,
even more, other potent properties such as
biosynthetic, analgesic and vasodilative effects
[13, 14].

Lipid peroxidation causes the formation of
MDA. The severity of necrobiosis due to oxidative
stress may be monitored by analyzing the level
of MDA. The enzymatic activities antioxidants
as if SOD, CAT, GPx in thermal injury-induced
damaged tissues may decrease the density of
oxidative stress [15, 16]. In this study, our goal
was to show and compare the beneficial effects
of drugs known as Ozone and N acetylcysteine
on the stasis zone in a rat mode.

Materials and methods
Animal material

Female Sprague-Dawley rats (n=24),
weighing 200+20 gr were used in the study
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(Sivas Cumhuriyet University, Animal Ethics
Committee. The rats were accommodated in
cages in an environment of 22°C with a cycle
of half daylight and dark. Animals were feed
and watered in a standard manner. Three equal
groups consisting of eight animals in each were
formed. Intraperitoneal ketamine 30 mg/kg,
and 0.005 kg/kg xylazine was administered as
anesthetic agents during burning procedure.
Morphine (1 mg/kg) was used intramuscularly
manner before the contact of the coombs
device.

Stasis zone model

As established by Regas and Ehrlich [17]
in their previous study the thermal wound
formatted by brass comb. The brass comb has
four prongs (0.5 cm x 2cm) separated by three
5-mm notches to create four distinctive burn
areas divided by three interspaces (1 cm x 2 cm)
of unburned skin. The interspaces represent
the zones of stasis, and the burned areas
represent the coagulation zones (Figures 1 and
2). Ringer Lactate 10 ml/kg intraperitoneally
was used for liquid resuscitation following the
thermal injury. No treatment was administered
in group | (control group). Group Il underwent
NAC therapy intraperitoneal (100 mg/kg/day) 10
days long, whereas group Il underwent Ozon
therapy intraperitoneal (10 pg/mL/day) for the
same period. A general anesthetic, thiopental
sodium, 50 mg/kg was used for scarificatio of
rats on the 10" day.

Figure 1. The probe that was used in the
experiment
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Figure 2. The “comb burn” model was applied to
the dorsum of the rat to perform the burn injury

Collection of blood samples

No anticoagulant was administered for the
collection of serum samples. Approximately
half an hour waited for clotting at 25°C. At 4°C
samples of serums centrifuged at 2000xg for
a quarter-hour. Without disturbing the white
buffy layers, serum layers were pipetted off.
Afterward, samples were frozen at minus 80°C
and serums stored on the cubes of ice.

Biochemical analysis

Serum samples from animals were taken
into tubes for biochemical analysis. Biopsies
of skins were performed. Levels of MDA, SOD,
and activities of CAT, GPx were measured in
serums in each group.

Malondialdehyde (MDA) pmol/ml assay

MDA levels were made according to the Yagi
K. method. Solutions of 0,084 M sulfuric acid,
10% phosphotungstic acid and thiobarbituric
acid were prepared [18].

Superoxide dismutase (SOD) nmol/min/ml
assay

The serum samples that were taken were
prepared according to the method of McCords
and Fridowich. Pipetting was performed
according to the following table. The cuvettes
were again compared, reading the initial
absorbance (A1) at 505 nm and 37°C after
a 30 s of delay phase, and reading the final
absorbance after 3 min (A2) [19].

Catalase nmol/min/ml assay

Catalase activity was calculated using Aebi’s
method. A 50 mM of pH 7.0 phosphate buffer
was prepared. A 30 mM hydrogen peroxide
solution was also prepared, and the solutions
were prepared at the ratios given in table.
The sample was diluted 50-fold. As soon as
hydrogen peroxide was added, the absorbance
values were read kinetically at 240 nm [20].

Glutathione peroxidase (GPx) nmol/min/mli
assay

This was prepared according to the method
of Goldberg and Spooner. The catalytic activity
was determined by following the reduction
kinetically at 340 nm due to the oxidation of the
absorbance of NADPH [21].

Histopathological analysis

A histopathologicall scoring method is a tool
by which semi-quantitative data can be obtained
from tissues. Histopathological evaluation was
performed on basis of a scoring system (Table
1). Tissue samples in the form of a ribbon were
taken from the burn line of the rats. The samples
were nestled in 10% formaldehyde, and paraffin
blocks were prepared by passing the coagulation
zone and ischemia (stasis) zone through routine
tissue monitoring procedures. Sections with a
thickness of 6 u taken from the prepared paraffin
blocks were stained with hematoxylin and eosin
for histopathological examination. Based on the
intensity of histopathological lesions, healing of
the burn wound was scored as 0= none, 1= mild,
2= moderate, and 3= dense 4= extremely dense
(Table 1) by checking the amount of edema,
hyperemia, epithelial degeneration necrosis,
MNH infiltration, polymorphonuclear neutrophil
leukocytes (PMNL) infiltration, and fibroblast-
fibrocyte on microscopic examinations.
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Table 1. Inflammation and destruction scores

Pathologic lesion

Score

Edema

Hyperemia

Epithelial degeneration
Necrosis

Polymorph nuclear infiltration
Mononuclear infiltration
Connective tissue growth
Total

A AN A O DNNDN

Statistical analysis

The data were obtained with the
measurement since the parametric test
assumptions were met (Kolmogorov-Smirnov) in
the evaluation of the data by uploading the data
to the SPSS 22.0 software (IBM Corp., Armonk,
NY, USA) program. Chi-square test and Fisher’s
exact tests were performed for the statistical
evaluation of histopathological findings.
Meanzstandard deviation (SD) was denoted
for values. In addition, independent Student’s
t test was applied when the parametric test
assumptions were met. Data were expressed
as number as meantstandard deviation values.
When comparing two independent samples in
terms of a variable, the significance test of the
difference between the two means was used,
and the error level was taken as 0.05. Value of
p<0.05 was considered statistically significant.

Results

No mortality detected in animals in the
time elapsed between the burn trauma and
scarification.

Table 2. MDA, SOD, CAT and GPx levels in serum

Serum oxidative and antioxidative marker
levels, MDA, SOD, CAT, and GPx level can
be seen Table 2. The highest MDA levels was
in group I, and the decrease was significant
in group Il and Il (p=0.03 and p<0.02).
Furthermore, MDA was lower in group Il than
in group Il (p<0.05). SOD levels were detected
significantly high in group Il and Ill than group
| (p=0.037, p=0.018). In addition, SOD levels
were significantly higher in group Il compared
to group 1l (p<0.05). CAT levels were higher in
group Il and Il than group | (p<0.001, p<0.001)
compared to group |. GPx levels were higher
in group Il (p<0.001), and group Il (p<0.001)
than group |. In addition, GPx levels were
higher in group Il (p=0.002) when compared to
group Il. Figure 3 demonstrated the scores of
histopathology in specimens. Histopathological
scores were denoted statistically lower in group
[I than in group | (p=0.015). Also, scores were
lower in group Ill than group | (p=0.001). The
histopathological scores were lower in group Il
compared to group Il (p=0.013).

Parameters Group | (n=8) Group Il (n=8) Group Il (n=8)
(mean +SD*)

MDA (pmol/ml) 12.29+3.02 6.25+1.56° 3.00£0.672°

SOD (nmol/min/ml) 13.8416.73 26.1245.42° 39.2946.742b

CAT (nmol/min/ml) 3.51+1.47 20.45+6.082 34.54+15.08*°

GPx (nmol/min/ml) 16.74£12.21 56.15+26.182 128.10+90.95%°

a p<0.001.vs group | (Mann-Whitney U test), ® p<0.05 vs. group Il (Mann—Whitney U test), * SD: standard deviation
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Figure 3. Scoring of burn wound healing according to the intensity of histopathological lesions

Discussion

Severe thermal injuries can cause to start
many mechanisms and biochemical pathways,
which are prone to cell death, and difficult for
the host to balance and respond appropriately
Necrobiosis in the zone of stasis due to swelling
and apoptosis was shown in a previous study
[22]. Time depended on three different types
of apoptosis as immediate (first 30 min),
intermediate (30 min-4 h), and delayed (after
4 h) were named by Godar [23]. Immediate
one occurs due to the direct hit of burn injury
whereas delayed one may be considered as
a result of the combined effect of both primary
and secondary hit of burn trauma. Secondary
trauma triggers the infiltration of inflammatory
cells, alteration in microcirculation, and release
of oxygen-derived free radicals (ROS) [12, 16].
ROS has a key role in the zone of stasis in terms
of oxidative stress [8, 9].

Notable ROS are superoxide radical (O,),
hydrogen peroxide (H,O,), and hydroxyl radical
(OH). Thermal energy, increased activity of
xanthine oxidase and phagocyte-related NADPH
oxidase are the causes of oxidative stress
after burn [24]. Normally, a cell has defense
mechanisms against damaging oxidants
and there is a balance between generating
and clearing of oxidants. The increase in the
account of oxidants causes damage in DNA,

lipids and proteins leading to cell death directly
and indirectly. Antioxidants prevent the potential
cellular damage resulting from ROS [1]. Cellular
redox homeostasis is carefully maintained by
an elaborate endogenous antioxidant defense
system, which includes endogenous antioxidant
enzymes such as SOD, CAT, GPx, glutathione
(GSH), proteins, and low molecular-weight
scavengers, like uric acid, coenzymeQ, and
lipoic acid [25]. The promotion of the activities
of SOD, GPx, and CAT may oppose oxidative
injury-induced cell death in burn-related trauma
[15, 16, 26]. In the present study, a significant
increase was noted in SOD, CAT and GPx levels
in the ozone-treated groups. CAT and GPx
levels were increased in the groups given NAC.
Ozone exerts its beneficial effects by decreasing
the levels of free oxygen radicals, induction
of the local migration of polymorphonuclear
leukocytes and promotion of oxygen supply to
tissues exposed to injury [27]. Therefore, we can
say that ozone exerts this effect by antioxidant
defense system enzymes. Sulfhydryl groups
in NAC are capable of detoxifying free oxygen
radicals and enhancing natural antioxidant
capacity by increasing intracellular reduced
glutathione concentration. Attributed to the
effects of thiol group and nitric oxide, NAC may
diminish the formation of nitrite and peroxynitrite
[28, 29]. Also, MDA formates at the end of the
lipid peroxidation and known as an acceptable
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marker of oxidative injury-induced cell death
[17]. In this study, a significant decrease was
observed in MDA levels in the NAC and ozone
groups. Therefore, it can be said that these
agents are effective in saving the stasis area.

Our study demonstrated that the necrosis
of the zone of stasis was saved by NAC and
Ozone in group Il and group Il following the
sacrificing the animals on the 10" day. These
beneficial effects of NAC and Ozone can be
due to the mechanism of NAC which is known
to act against kidney, liver, lung failures in
septic shock which may be caused by a burn
or the drugs [12] whereas Ozone’s role in the
immunoregulation by increasing the number of
leukocytes, enhances the phagocytic capacity
of granulocytes, facilitates the formation of
monocytes and activates T cells. Moreover,
Ozone boosts the release of cytokines such as
interferon and interleukin triggering antibody-
dependent cellular cytotoxicity [14]. The
superiority of Ozone over NAC may be due to
this immunoregulatory effect.

In conclusion, the decrease in thermal injury
width with using NAC and Ozone were shown
in the current experimental animal study. Ozone
therapy seems as if it's superior to NAC. These
findings may suggest that NAC and Ozone
treatment will be acceptable alternatives for
other studies.

Conflict of interest: The authors declare no
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