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ABSTRACT

BACKGROUND: In burn wound healing, zones of burn, namely zone of hyperemia, the zone of stasis, and zone of coagulation,
have crucial importance. These zones have been identified based on the pathophysiology of the burn, and treatment of burn has been
improved. The zone of necrosis is treated by excision and repair through grafting. Zone of stasis fully recovers in 24—48 h if the burn
treatment is managed well. Otherwise, it may convert to a zone of coagulation. Hyperemia zone is a zone that recovers itself. Recov-
ery of the zone of stasis is very critical in burn treatment. Active oxygen radicals produced due to the hypermetabolism due to burn
wounds are known to speed to the process of the zone of stasis converting into the zone of coagulation. The present experimental
study aims to evaluate the effects of sildenafil and N-acetylcysteine on the zone of stasis and to establish whether they had any con-
tribution to wound healing in burns.

METHODS: In the present study, 32 four months old female Wistar Albino rats with 200+20 gr body weights were used. The rats
were divided into four groups as the sham group (Group 1), the intraperitoneal group (Group 2), Sildenafil group (Group 3, intraperito-
neal 10 mg/kg for 10 days), N-acetylcysteine (Group 4, intraperitoneal 100 mg/kg for 10 days). Tissue samples were collected for serum
and cytopathology studies of the Malondialdehyde level, glutathione peroxidase, superoxide dismutase, and catalyze enzyme activity.
All the rats were sacrificed on the 10% day of the tests edema, hyperemia, epithelial degeneration, necrosis, inflammatory infiltration
and fibrosis measurements were made.

RESULTS: When compared with the controls, both of the treatment groups had lower tissue damage scores. MDA level was lower
in Group 3 and 4 compared to Group 2 and lower in Group 3 compared to Group 4. SOD, catalase and GPH-Px levels were higher in
Group 3 and Group 4 compared to Group 2 and higher in Group 3 compared to Group 4.

CONCLUSION: The results of our study conducted on an experimental burn model created by rats support that Sildenafil and
N-acetylcysteine have positive effects, such as decreasing oxidative stress level and increasing wound healing in burns. Further experi-
mental studies are required on this subject.
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INTRODUCTION

Burn is one of the most important physical and psychological
traumas that mankind may face all over the world. Morbid-
ity and mortality due to burns remain an important health
problem. Jackson described that each other surrounding sites
of three injuries in the first 24 hours of acute burns."! The
first zone is the coagulation zone, which is directly exposed

to heat. The coagulation zone that is present at the center
of the damage is not self-renewing. The second zone is the
stasis zone surrounding the coagulation zone. The third zone
is the hyperemia zone without dermal damage located out-
side the area of the injury. The zone of hyperemia with in-
creased blood circulation and metabolism is a region that can
be completely healed. Stasis zone between coagulation and
hyperemia zones is a region where blood flow is reduced due
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to ischemia.?? This area is exposed to oxidative stress due
to ischemia-reperfusion injury in the stasis zone.B! Reper-
fusion injury predominantly causes apoptotic cell death and
increased apoptosis in the stasis zone results in progressive
tissue loss.'! Damage characterized by inflammation and ede-
ma is less in the stasis zone. Circulation progressively dete-
riorates in this region and this leads to the development of
ischemia and death of the cells. In some cases, the stasis zone
can be completely transformed into scar tissue. To prevent
the vitality of the cells in the zone of stasis, supportive treat-
ment of the patient should not be delayed. If appropriate con-
ditions are provided, cells in the zone of stasis regain viability
within a week.'! However, even if healing occurs, epithelial
cell loss is high in this zone. During recovery, cells are hy-
persensitive to damage. When the stasis zone that is healing
potential is not treated, blood circulation stops completely
in time and necrosis develops.[! Recovery of the burn stasis
zone is the basis of the researches about burn treatment.l>”]
Rescue of the zone of stasis prevents the increase in depth
and width of the damage in the burn area.l®!

N-Acetylcysteine (NAC), which is a thiol molecule, is a pre-
cursor of L- cysteine and reduced glutathione. NAC is the
source of sulfhydryl groups in cells and removes free radicals
by interacting with reactive oxygen radicals, such as OH-.
The various diseases in which NCA is used include cancer,
cardiovascular diseases, metal toxicity and paracetamol
toxicity of the liver.’? NAC can prevent apoptosis, regulate
the activity of various proteins and so prolong cell surviv-
al. NAC; Reduces endothelial dysfunction, delays inflam-
mation, fibrosis, invasion, cartilage erosion, acetaminophen
detoxification and transplantation requirement.['” Possible
antitoxicity mechanisms include increased liver blood flow,
increased glutathione and free radical scavenging.l''! With its
currently known efficacy, NAC may play a therapeutic role in
transplantation damage, alcoholism and metal toxicity with
its therapeutic effect against oxidative stress in the liver.”]
Many animal models have been proposed to investigate the
pathology, local, systemic treatment of burn wound and the
effect of burn trauma on the whole organism.['? In experi-
mental models, the implementation of oxygen radical scav-
engers before or after sepsis has been shown to increase
survival.l'¥y NAC is an antioxidant that is a sulfhydryl donor
and promotes glutathione regeneration. Many studies show
that NAC is important in micro circular blood flow and tis-
sue oxygenation.!'?!

Sildenafil citrate is a selective inhibitory. Phosphodiesterase
enzyme type 5 (PDED) effectively inactivates cyclic guanosine
monophosphate (cGMP). Sildenafil is a phosphodiesterase in-
hibitor and used in vasodilatation. Sildenafil accelerates blood
flow by relaxing smooth muscles and stimulating cellular and
endovascular nitric oxide (NO) release. NO has a positive
effect on angiogenesis, inflammation, endothelial and epithe-
lial cell proliferation mechanisms on wound healing.l'"! The
present study aims to compare the efficacy of the phospho-

10

diesterase inhibitor (sildenafil) and N-acetylcysteine on the
stasis zone and its biochemical/pathological findings after
treatment.

MATERIALS AND METHODS

Materials

This research was conducted in the Sivas Cumhuriyet Univer-
sity Animal Laboratory in accordance with the guidelines of
Sivas Cumhuriyet University Animal Experiments Local Eth-
ics Committee. This research was conducted in accordance
with ethical rules with the decision of Sivas Cumhuriyet Uni-
versity Animal Experiments Local Ethics Committee dated
02.07.2015 and numbered 65202830-050.04.04/58.

Female healthy rats (20020 g) (n=32) that were 16-18
weeks were used in this study. Rats were fed with a standard
laboratory diet. The rats were kept in such a way that they
could always drink according to their drinking water require-
ments. Rats were housed with eight animals in each cage.
Rats capable of normal activities in cages were kept in rooms
set at 22+20°C, humidity (P-70) and 12 h day/night. All rats
were kept under observation for a few days before the study
to see if they were healthy. Rats were divided into four equal
groups. Group |; sham group, group 2; control group, group
3; sildenafil treated group, group 4; N-acetylcysteine.

Animal Model

The skin on the back of the rats was shaved it hairless. The
rats were subjected to an experimental burn model described
by Regas and Ehrlich under anesthesia. Specially made of brass
plate with four handles 10x20 mm and three cavities 5x20
mm between them. It was kept in boiling water at 100°C for
three min and contacted with its own weight without creat-
ing pressure for 30 s in the middle line of the animals in the
dorsal region. After the procedure, second degree burns of
10x20 mm in four and stasis zones of 520 mm in three were
formed in the hairless back of rats (Fig. la-c).!'"]

Sildenafil at a dose of 10 mg/kg, N-acetylcysteine at a dose
of 100 mg/kg were administered intraperitoneal once daily
for 10 days.

At the end of the 10-day treatment program, 5 cc cardiac
blood was collected from the rats by Waynforth H.B. and
Flecknell method using a closed puncture method and a green
tip injector under the xiphoid. Then, as soon as the neck was
sacrificed by dislocation, 6 mm diameter full-thickness skin
tissue samples were taken from the wound site (Fig. 2).

Half of the skin tissue samples were divided into half for bio-
chemical analysis and a half for histopathological examination
and kept at -20°C until the day of analysis. Blood samples
were centrifuged at 4000 rpm for 10 min and they were
stored at -20°C until the day of analysis.
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Figure 1. (a-c) The probe that was used in the comb model and the dorsum of a rat after burn. (a) The probe that was used in the comb

model. (b) The burn-injured areas. (c) Size of burn areas.

Figure 2. The final burn scars at the time of the sacrifice.

Tissue samples were homogenized with a tissue homogeniz-
er (Bioprep24, Allsheng). Homogenized samples were first
centrifuged at 2500 g at + 4°C for 10 min (Hermle Z326K).
After centrifugation, the supernatant was centrifuged again at
20000g for 20 min at + 4°C to obtain samples.

MDA levels and SOD, GPx and CAT enzyme activity were
studied in serum and tissue samples. MDA Janero (1998),l'd]
SOD Sun et al. (1988),l'? GPx Paglia and Valentine (1967)!'®
and catalase Aebi (1984)!'"] were investigated by the methods.

At the end of this study, wound tissue samples from each
group were placed in 10% buffered formalin solution. Tissues
were blocked in paraffin and 6 micron thick sections were
taken. Sections were stained with Hematoxylin-eosin (HE).
Epidermis and dermis were evaluated histopathologically us-
ing optical microscope (Leica, DM 4000B) for each group.
The lesions were scored according to the Modified Greenhal-
gh’s Wound Healing Scoring System (Abramov et al., 2007)2%
(0 = none, | = mild, 2 = moderate, 3 = intensive).

Statistical Analysis

The data obtained from our study were evaluated with SPSS
(Ver: 22.0) program. Since the parametric test assumptions
could not be fulfilled (Kolmogorov-Smirnov test), the Kruskal
Wallis test and Mann-Whitney U test were used and the er-
ror level was taken as 0.05.
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Figure 3. Comparison of the histopathological damage score bet-
ween groups.

RESULTS

In the study groups, histopathological parameters, such as
edema, hyperemia, epithelial degeneration, necrosis, mono-
nuclear cell (MNC) infiltration, polymorphonuclear leukocyte
(PMNL) infiltration and increased connective tissue, were
scored between 0 and 3. The comparison of the histopatho-
logical damage score between the groups is shown in Figure
3. Histopathological images of the groups are given in Figure
4.

In the NAC and Sildenafil groups, less vascular proliferation,
fibrosis, necrosis, edema, and inflammatory infiltration were
examined under the epithelium.

There was a statistically significant difference between the
groups concerning edema, hyperemia, epithelial degenera-
tion, necrosis, PMNL infiltration, and MNC infiltration inten-
sity (p<0.05). The reason for this difference may the con-
centration of the sildenafil group in mild edema, the NAC
group is concentrated in moderate edema, and the control
group is concentrated in moderate and intensive edema.
When all groups were compared concerning connective tis-
sue increase, amatory infiltration more statistically significant
difference was observed (p<0.05). The reason for this dif-
ference is that the sildenafil group has moderate and dense
distribution while the control and NAC groups have mild,
moderate and intense connective tissue increase.
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Figure 4. (a-c) Under the epithelium vascular proliferation, fibrosis, necrosis, edema, and inflammatory infiltration were
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more significant in the control and sham groups. (a) Sham Group, (b) Control Group, (¢) NAC Group, (d) Sildenafil Group.

MDA level, SOD, Cat, and Gpx enzyme activity were stud-
ied in tissue samples taken from rats. The values obtained
were compared with sham and control and given in Tables
1—4.

Serum samples between sham and control groups; MDA,
SOD, Cat, and GPx values were compared with the
Mann-Whitney U test and a statistically significant difference
was found (p<0.05).

In serum samples of the control group and intraperitoneal
sildenafil treated rats, MDA, SOD, Cat, GPx values were

compared with the Mann-Whitney U test and statistically,
significant difference was found (p<0.05).

In the control group and intraperitoneal NAC treated rats,
MDA, SOD, Cat, GPx values were compared with the
Mann-Whitney U test and a statistically significant difference
was found (p<0.05).

In the intraperitoneal sildenafil treated group and intraperito-
neal NAC treated rats; MDA, SOD, Cat, and GPx values were
compared with the Mann-Whitney U test and statistically sig-
nificant difference was found (p<0.05).

Table I. Comparison of MDA level, SOD, Cat and GPX enzyme activities in Sham and control groups

Groups MDA (uxSD) SOD (uSD) Cat (pxSD) GPx (pxSD)

Sham (min-max) 2.86+0.52 14.60%16.12 6.23+3.09 93.59+35.29
1.90-3.44 4.50-50.28 2.49-10.72 40.63-136.27

Control (min-max) 8.90+1.81 9.88+2.52 10.16£5.13 35.1115.71

6.73-11.98 7.44-13.91 5.06-19.23 15.57-58.28

Result MW=28.000 MW=50.000 MW=40.000 MW=31.000

p=0.001 p=0.805 p=0.128 p=0.004

MDA: Formaldehyde; SOD: Superoxide dismutase; Cat: Catalase; Gpx: Glutathione peroxidase; MW: Molecular weight; SD: Standard deviation.
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Table 2. Comparison of MDA, SOD, Cat, and GPx values in the post-burn control group and intraperitoneal sildenafil group
Groups MDA (pSD) SOD (u%SD) Cat (pxSD) GPx (uxSD)
i.p. Control (min-max) 8.90x1.8l 9.88+2.52 10.16+5.13 35.11£15.71
6.73—11.98 7.44-1391 5.06-19.23 15.57-58.28
i.p. Sildenafil (min-max) 3.63+0.92 23.60+8.72 47.07£29.81 204.87£142.32
2.79-551 13.29-39.87 12.54-89.97 62.93—461.47
Result MW=28.000 MW=29.000 MW=30.000 MW=28.000
p=0.002 p=0.003 p=0.004 p=0.002

MDA: Formaldehyde; SOD: Superoxide dismutase; Cat: Catalase; Gpx: Glutathione peroxidase; MW: Molecular weight; SD: Standard deviation.

Table 3. Comparison of MDA, SOD, Cat, and GPx values in the post-burn control group and intraperitoneal N-acetylcysteine group
Groups MDA (uSD) SOD (uSD) Cat (p£SD) GPx (u1SD)
i.p. Control (min-max) 8.90+1.8I 9.88+2.52 10.16+5.13 35.11£15.71
6.73—-11.98 7.44-1391 5.06-19.23 15.57-58.28
i.p. N-acetyl cysteine (min-max) 6.00£0.64 14.29+2.75 31.66x13.81 65.65+26.85
5.04-6.79 10.86—-17.72 11.58-54.81 38.46-118.86
Result MW=29.000 MW=34.000 MW=31.000 MW=35.000
p=0.003 p=0.018 p=0.006 p=0.025

MDA: Formaldehyde; SOD: Superoxide dismutase; Cat: Catalase; Gpx: Glutathione peroxidase; MW: Molecular weight; SD: Standard deviation.

Table 4. Comparison of the MDA, SOD, Cat, and GPx values in the post-burn intraperitoneal sildenafil group and intraperitoneal
N-acetylcysteine group

Groups MDA (pSD) SOD (p%SD) Cat (p£SD) GPx (pxSD)

i.p. Sildenafil (min-max) 3.631£0.92 23.60+8.72 47.07+29.81 204.87+142.32
2.79-5.51 13.29-39.87 12.54-89.97 62.93-461.47

i.p. N-acetyl cysteine (min-max) 6.00£0.64 14.29+2.75 31.66+13.81 65.65+26.85
5.04-6.79 10.86-17.72 11.58-54.81 38.46-118.86

Result MW=30.000 MW=33.000 MW=45.000 MW=32.500
p=0.004 p=0.011 p=0.338 p=0.011

MDA: Formaldehyde; SOD: Superoxide dismutase; Cat: Catalase; Gpx: Glutathione peroxidase; MW: Molecular weight; SD: Standard deviation.

DISCUSSION

It has been shown in an experimental study that activating
protein C on the burn stasis zone increases blood flow rates.
211 Melatonin, a pineal hormone, is a potent liberator of ox-
ygen radicals and activates endogenous antioxidant defense
proteins. Wound healing and burn stasis zone healing by elim-
inating the negative effect of oxygen radicals have been shown
to have a positive effect on burn wound healing.? NAC is a
commonly used mucolytic in the clinic and its effects on burn
injury as a GSH precursor have been studied in the literature.
NAC can prevent apoptosis, regulate the activity of various
proteins and prolong cell survival. NAC reduces endothelial
dysfunction and provides inflammation, fibrosis, cartilage ero-
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sion, acetaminophen detoxification, and delayed transplan-
tation needs.l'” Possible mechanisms of antitoxicity include
increased liver blood flow, increased glutathione, and clear-
ing free radicals.l'l NAC is an antioxidant that is a sulfhydryl
donor and promotes glutathione regeneration. Many studies
suggest that NAC is important in micro-circular blood flow
and tissue oxygenation.l' It has been shown that the use of
NAC in animals with burn injury improves cellular immunity
and reduces mucosal damage by decreasing the increased lev-
el of MDA in small bowel tissue.[?> Similarly, after 24-hour
burn, NAC treatment decreases the increased MDA level in
lung tissue, increases GSH level and thus reduces oxidative
stress.! In a study, the effect of NAC on preventing necrosis
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in the stasis zone was investigated. It was observed that sta-
sis zone necrosis was very low in the NAC treatment group
compared to the control group. To show the antioxidant
effect of NAC, malondialdehyde levels measured in tissue
did not show any abnormal difference between the treated
groups and the control group.?! Zor et al. have shown that
glutathione has a liberating effect on the stasis zone by nu-
clear imaging and autoradiography.I'"! In another study, it was
shown that superoxide dismutase, which is an antioxidant,
has an effect on the recovery of stasis zone in burned rats.
271 Sildenafil is an agent that supports NO activity of cyclic
guanosine monophosphate (cGMP) and was initially used as
an antihypertensive agent.? In wound healing of nitric oxide;
strengthening of the coagulation process,”” removal of ox-
idative stress components,*®! angiogenesis improvement,?'!
endothelial cell proliferation support,>*! and in tissue re-
modeling,*9 beneficial effects have been shown. The role of
NO in vasodilatation regulation,?! cell cycle and apoptosis
control,*¢! cell proliferation and differentiation,?”! oxygen
distribution enhancement!® and antimicrobial®*! mechanisms
have been described. In our study, edema, hyperemia, epi-
thelial degeneration, necrosis, inflammatory infiltration and
fibrosis were measured pathologically. Compared with the
control group, the tissue damage score was lower in the
intraperitoneal NAC group. MDA levels were lower in the
intraperitoneal NAC group compared to the control group.
SOD, Catalase, and GSH-Px enzyme activities were higher in
intraperitoneal NAC group than control group. MDA levels
were lower in intraperitoneal sildenafil group than the intra-
peritoneal NAC group. SOD, catalase, GSH-Px enzyme activ-
ities were higher in intraperitoneal sildenafil group than the
intraperitoneal NAC group.

Jamshidzadeh et al.*% reported that the use of topical silde-
nafil increased macrophage and fibroblast migration, revas-
cularization, collagen regeneration and epithelization. They
also observed increased subcutaneous fibroblast infiltration
on day 7%, collagen regeneration from the subscriber on
day 14", and increased epithelialization, especially on days
14-21®. Therefore, they stated that topical sildenafil use is
effective in wound healing. Salcido et al.*"! Reported that
sildenafil increases NO secretion that makes vasodilatation in
the cellular and endovascular space and thus increases blood
flow. They stated that increased NO release has multiple
positive effects on wound healing, such as angiogenesis, in-
flammation, endothelial and epithelial cell proliferation, and
remodeling. Sarifakioglu et al.l*l reported that NO and cGMP
are the ideal biomechanical balance to support wound healing
with increased blood flow and stated that sildenafil improves
postoperative skin flap survival. Derici et al.*! expressed that
sildenafil can be used as a supporting factor in wound heal-
ing due to their experimental study. In their study, Farsaei
et al.* stated that the effectiveness of sildenafil alone or in
combination with other agents should be investigated in dif-
ferent wound types. They have reported that sildenafil can be
used as a salvage treatment in patients whose contraindica-
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tions are contraindicated in patients who do not respond to
conventional treatment. When the control group and intra-
peritoneal sildenafil group were compared, the tissue damage
score was lower in the intraperitoneal sildenafil group. MDA
levels in the intraperitoneal sildenafil group were lower than
the control group. SOD, catalase, and GSH-Px levels were
higher in the intraperitoneal sildenafil group compared to
control group. MDA levels were lower in the intraperitoneal
sildenafil group than the intraperitoneal NAC group. SOD,
catalase, GSH-Px levels were higher in the intraperitoneal
sildenafil group than the intraperitoneal NAC group.

When the sildenafil and N-acetylcysteine groups were com-
pared, it was observed that the histopathological healing find-
ings were better in the sildenafil group. When sildenafil and
N-acetylcysteine groups were compared, the positive effects
of sildenafil on reducing oxidative stress and wound healing
were more pronounced than N-acetylcysteine. In this study,
intraperitoneal sildenafil administration was superior to intra-
peritoneal N-acetylcysteine administration on wound healing
in an experimental wound model.

Conclusion

The effects of sildenafil on the stasis zone should be investi-
gated by experimental studies and considered as a molecule
that can be used for active clinical use.
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Yanik staz zonu iizerine sildenafil ve N-asetilsisteinin etkisi

Dr. Meri¢ Emre Bostanci,! Dr. Ceylan Hepokur,? Dr. Erol Kisli®

'Sivas Cumhuriyet Universitesi Tip Fakiiltesi, Cerrahi Onkoloji Bilim Dali, Sivas
2Sivas Cumhuriyet Universitesi Eczacilik Fakiiltesi, Biyokimya Anabilim Dali, Sivas
3Sivas Cumhuriyet Universitesi Tip Fakiiltesi, Genel Cerrahi Anabilim Dali, Sivas

AMAC: Yanik yarasinin iyilesmesinde, yanikta olusan yaralanma zonlari; hiperemi, staz, koagtilasyon zonu biiylik 6nem tagimaktadir. Yanigin pato-
fizyolojisindeki gelismeye bagl olarak yanik ciltte olusan yanik zonlari bulunmus ve tedavi buna gére daha da gelismistir. Bu zonlar; koagiilasyon,
staz ve hiperemi zonudur. Nekroz zonu tedavisi eksizyon ve kaybolan cildin greft olarak onarimidir. Staz zonu eger 24-48 saat iginde yanik tedavisi
iyi yonetilirse tam olarak iyilesir. Aksi takdirde koagiilasyon zonuna dahil olur. Hiperemi zonu zaten kendiliginden iyilesebilen bir alandir. Staz zonu-
nun kurtariimasi yanik tedavisinde oldukga énem tasimaktadir. Yanik alanda olusan hipermetabolizma sonucu ortaya gikan aktif oksijen radikalleri
staz zonunun koagulasyon zonuna donistimiini hizlandirdig bilinmektedir. Bu deneysel calismanin amaci, yanik staz zonu Uzerine sildenafil ve
N-asetilsisteinin etkilerini incelemek ve yanikta yara iyilesmesine katkisi olup olmadigini ortaya koymaktir.

GEREC VE YONTEM: Calismada 200%20 gr agirliginda Wistor Albino cinsi dort aylik 32 adet disi sigan kullanildi. Siganlar dért gruba ayrildi. Bu
24 sicana anestezi altinda Regas ve Ehrlich tarafindan tanimlanan deneysel yanik modeli uygulandi. Grup |; sham, Grup 2; intraperitoneal kontrol,
Grup 3; sildenafil galisma (gtinlik 10 mg/kg dozunda intraperitoneal 10 giin siireyle), Grup 4; N-asetilsistein galisma (gtinliik 100 mg/kg dozunda
intraperitoneal |0 giin siireyle) gruplari olarak belirlendi. Malondialdehit, glutatyon peroksidaz, siiperoksit dismutaz, katalaz diizeyleri icin serum ve
sitopatolojik calisma icin doku 6rnekleri alindi. Tiim sicanlar deneyin 10. giiniinde sakrifiye edildi. Odem, hiperemi, epitel dejenerasyonu, nekroz,
iltihabi infiltrasyon ve fibrozis Slgtimleri yapildi.

BULGULAR: Kontrol grubu ile karsilastirildiginda tedavi edilen iki grupta doku hasar skoru diisiik bulundu. MDA diizeyi; Grup 3 ve Grup 4'te, Grup
2’ye gore dustk, Grup 3’'te Grup 4’e gore dusuik bulundu. SOD, katalaz ve GPH-Px duzeyleri, Grup 3’te ve Grup 4'te Grup 2'ye gore yiksek, Grup
3’te, Grup 4’e gore yiiksek bulundu.

TARTISMA: Calismamizin sonuglari, sicanlarda olusturulan deneysel yanik modelinde sildenafil ve N-asetilsisteinin oksidatif stres diizeyini azaltici,
yara iyilesmesini arttirici olumlu etkileri oldugunu desteklemektedir. Bu konu tizerinde ileri deneysel galismalara ihtiyag vardir.

Anahtar sézclikler: N-asetilsistein; sildenafil; yanik staz zonu; yara iyilesmesi.
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