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ABSTRACT

BACKGROUND: Studies aimed at recovering the zone of stasis are one of the major issues of experimental burn studies. Many
drugs including antithrombotics, anticoagulants, anti-inflammatories have been investigated experimentally for saving the zone of stasis.
In this study, the effect of the systemic melatonin on the zone of stasis was evaluated.

METHODS: Twenty Wistar Albino rats were used in the study. Rats were assigned to two groups (n=10). The metal comb Ix2 cm
in size was immersed in boiling water and held for 20 seconds on the back of the rats to create burn wounds.No treatment was given
to the control group. Melatonin was given at a dose of 10 mg/kg/d by intraperitoneal injection in the treatment group for 7 days. Daily
digital photographs of both groups were obtained. Total necrotic burn areas and the zone of stasis were assessed with Auto CAD
and Visual Analyzing computer programs. At the end of one week, rats were sacrificed and skin biopsies were taken for histological
examination. Edema, congestion, inflammatory infiltration, vascular proliferation and fibrosis were the parameters evaluated. Data
were evaluated statistically by Chi-square test and Student-t test.

RESULTS: When histopatologic data and the measured values for total necrotic areas and zone of stasis of the experimental group
werecompared to control group, the results were statistically significant (p<0.05).

CONCLUSION: According to the results of this study, melatonin is efficient in saving the zone of stasis in burns.

Key words: Burn model; melatonin; zone of stasis.

The area encircling the zone of coagulation is the zone of
stasis, which is affected indirectly by the trauma.l

INTRODUCTION

Salvaging the zone of stasis is of clinical importance for burn
specialists because saving this zone prevents the potential in-
crease in the depth and width of the burned area, thereby de-

The outermost layer is the zone of hyperemia with increased
blood flow, representing an inflammatory response to the

creasing mortality and morbidity.l'! Based on the severity of
destruction and blood flow alterations, three distinct zones
of tissue injury can be distinguished. Jackson described these
three zones in 1947.12 The zone of coagulation is the central
zone, which is directly and irreversibly affected by the burn.
Coagulation necrosis is the characteristic sign of this area.
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tissue injury. It always stays viable. Investigations on the
pathobiology of the zone of stasis revealed that irrevers-
ible tissue necrosis ensues with progression of hypoxia and
ischemia in 1—48 hours, resulting in total loss of this inter-
mediate zone.! In this zone, petechial hemorrhage, vascular
thrombosis, increased vascular permeability and local edema
are seen. Local edema increases the severity of hypoxia.
Diminished circulation in this region results in progressive
ischemia. Maintaining adequate blood flow and vessel paten-
cy can save viable tissues and dermis of this zone of stasis.
Bl Both hypercoagulability and systemic activation of white
blood cells are reported as underlying reasons of progressive
tissue injury in this zone. Relying on experimental studies,
treatment modalities, such as increasing tissue tolerance to
ischemia, enhancement of perfusion and inhibition of inflam-
matory response, have been proposed to enable salvage of
this zone. The use of antithrombotic, anticoagulant, anti-in-
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flammatory and antioxidant medication has all been studied.
Ml The hormone melatonin (N-acetyl-5methoxy-tryptamine)
is produced by the pineal gland. Melatonin is known to ex-
hibit free radical scavenging ability and reduces neutrophil
accumulation.[) The scavenging ability of melatonin is more
effective than other intracellular antioxidants.”! The aim of
this study was to test the effects of melatonin, the chief se-
cretory product of pineal gland and a highly effective antioxi-
dant, on saving the zone of stasis in rats.

MATERIALS AND METHODS
Animals and the Burn Model

In this experiment, twenty Wistar albino rats weighing 250 to
275 g were used. The animals were caged individually at room
temperature with a 12 h light /dark cycle and had free access
to water and standard laboratory food for rats. General an-
esthesia was induced with intramuscular ketamine (10%) 80
mg/kg and xylazine (2%) 10 mg/kg. The dorsal skins of the
rats were shaved. A metal comb Ix2 c¢m in size was immersed
in boiling water for 5 min, until thermal equilibrium was
achieved between the comb and the water. The heated comb
was placed on the back of the rat 0.5 cm lateral and paral-
lel to midline and held for 20 sec without pressure (Fig. 1).
Four burn areas (1x2 cm) and three interspaces were created
on one side. The same burn model was made on the other
side of the rat’s back again 15 min later (Fig. 2). Twenty rats
were randomly separated to control (Group |) and experi-
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Figure 1. Application of metal comb on the back of the rat for cre-
ating burn wound.

Figure 2. Full thickness skin burns were created 0.5 cm lateral and
paralel to midline.
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Table I. The values of total necrotic burn area in mm?
measured by photoanalysis method
Group | Group 2

| 132.78 52.42
2 124.34 75.14
3 141.08 92.10
4 112.36 67.2
5 107.80 70.10
6 125.47 62.12
7 130.18 76.10
8 99.8 63.21
9 102.7 64.37
10 107.89 42.22

mental (Group 2) groups. Each group was consisted of ten
rats. Thirty minutes after burn injury, the treatment group
was treated with melatonin. The control group received no
treatment. Daily intraperitoneal melatonin injection |0 mg/kg
continued for 7 days.

Photoanalysis

Daily photographs of the burned areas in both groups were
taken under diethylether anesthesia. The initial surface of the
burned area was assigned as 200 mm?2 Auto CAD computer
programme was used to calculate the burned areas in the
photographs. By placing milimetric ruler in each photograph,
calibration was done for the calculation of the burned area in
square millimeter (Fig. 3). Necrotic areas were calculated and
the obtained values recorded (Table I). The total necrotic
areas between the two groups were compared.

Histological Analysis

The rats were sacrificed 7 days after burn injury. Skin biopsies
were taken from full thickness burn areas. Samples were fixed
in neutral buffered formalin and embedded in paraffin me-
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Figure 3. Calculation of the necrotic areas in burn wounds by Auto-
CAD computer program.
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Table 2. The values of total necrotic burn area in mm?
measured by Visual Analyzing programme
Group | Group 2

I 11.2 6.8
2 13.7 82
3 9.6 5.4
4 84 4.9
5 10.7 6.8
6 8.8 55
7 6.5 43
8 12.6 42
9 14.4 4.6
10 8.9 4.1

dia. Micron sections were deparafinnized and processed for
hemotoksilin eosin staining. Histological preparations were
investigated under Nikon Eclipse E400 light microscope. Digi-
tal images of the zone of stasis were taken by Nikon Coolpix
5000 digital camera connected to Nikon SMZ 1500 stero-
scopic light microscope. All digital images were analyzed by
Visual Analyzing programme (Clemex Vision Lite 3.5, Cana-
da). The zone of stasis was marked as two points, and Visual
Analyzing programme automatically measured the distance
between these two points (Figs. 4a, b) and the obtained val-
ues were recorded (Table 2) Histological parameters evaluat-

Figure 4. (a) Measurement of the zone of stasis by Visual Analyz-
ing computer program in the control group. (b) Measurement of
the zone of stasis by Visual Analyzing computer program in the
experimental group.
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ed included edema, congestion, inflammatory infiltration, vas-
cular proliferation and fibrosis. Each parameter was graded
based on a scale from 0 to 3 as 0: none, |: mild, 2: moderate
and 3: significant (Figs. 5a-d). Evaluations of histology were
made by a pathologist blinded to the groups.

Statistical Analysis

In order to evaluate the differences in datas of edema, con-
gestion, inflammatory infiltration, vascular proliferation and
fibrosis, Chi square test was used. Student-T test was used to
assess the numeric data for necrotic burn and zone of stasis
areas. Significance was assigned at p<0.05.

RESULTS

No deaths occurred during this study. At the end of 7 days
gross observation revealed that in the experimental group,
most of the interspace areas appeared to be alive while in the
control group; the interspace areas were necrotic in appear-
ance. The mean percentage of the calculated necrotic area
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Figure 5. Schematic presentation of the grading scale of each
histologic parameter for both control and experimental groups are
shown. (a) Fibrosis, (b) vascular proliferation, (c) congestion, (d)
inflammatory infiltration.
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liferation, fibrosis and inflammatory infiltration are more prominent.
(b) In the experimental group; less vascular proliferation, fibrosis
and inflammatory infiltration are observed under the epithelium.

by Auto CAD programme and measurement of the distance
of the stasis zone by Visual Analyzing programme in the con-
trol group was higher than that of the experimental group.
Comparison of the data obtained by AUTO CAD program
showed statistical significance (p<0.05). All the data obtained
from the investigation of histopathological parameters in-
cluding edema, congestion, inflammatory infiltration, vascu-
lar proliferation and fibrosis was found to be higher in the
control group when compared with the experimental group
(Figs. 6a, b). The difference between the groups were all sta-
tistically significant (p<0.05).

DISCUSSION

As long as proper interventions are undertaken during the
first 72 hours following thermal injury, tissue damage in the
zone of stasis may be reversible. The comb burn model first
described by Regas and Erlich has been found to be ideal for
research on the zone of stasis® and has been used in many
experimental models until today. Inflammation, ischemia
and oxygen free radical formation affect the viability of the
zone of stasis. Relying on experimental studies, treatment
modalities, such as increasing tissue tolerance to ischemia,
enhancement of perfusion and inhibition of inflammatory re-
sponse, have been proposed to enable salvage of the zone
of stasis.
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Ischemia reperfusion stimulates inflammatory cells to gener-
ate reactive oxygen species (ROS) in many tissues especially
after burns. Free oxygen radicals and peroxidases increase
following cutaneous burn. Production of oxygen derived free
radicals result in the disruption of plasma membranes. The
major targets of ROS are long chain-polyunsaturated fatty
acids of cellular phospholipids. Antioxidants prevent poten-
tial cellular damage resulting from ROS. Melatonin is a safe
and non-toxic molecule, penetratingcells to scavenge free
radicals.”! It is highly lipophilic, and it passes easily through
biological membranes.['” This is an advantage for melatonin
over some other antioxidants, which penetrate cells more
slowly. It also acts synergistically with antioxidant agents such
as vitamins C, E and glutathione.!'"]

Melatonin activates glutathione peroxidase (GSH-Px) and
reduces lipid peroxidation.l'>"] |t also stimulates superoxide
dismutase and inhibits human platelet aggregation and throm-
boxane production.l'"! Urata et al. have found that the rate
limiting enzyme in GSH synthesis, gama-glutamylcysteine syn-
thetase, is increased after the administration of melatonin to
rats.['’]

Burn injury causes systemic activation of leucocytes and ac-
cumulation of white cells in microcirculation.!'!! Neutrophil
recruitment and adherence to the endothelium following
burn injury decreases the lumen diameter!'”) and results in
microvascular compromise. Bertuglia et al. have reported
that treatment with melatonin completely inhibits micro-
vascular edema formation, reduces the number of leuko-
cytes sticking to venules, and preserves microvascular per-
fusion.' It has been shown that antibodies which block
adhesion of neutrophil to endothelial cell following 30 min
following burn improve blood flow in the zone of stasis.
[19-211 Melatonin blocks the synthesis of adhesion molecules,
which increase leukocyte infiltration into the damaged tis-
sue. Melatonin increases, but gluthatione decreases NO
levels. Although NO is an essential molecule, it is also a
free radical and its production is not always beneficial. Ex-
cessive NO production has harmful effects in microcircula-
tion. When the production of NO increases, its production
must be controlled. The reaction of NO and superoxide
anion generates peroxynitrite (ONOO’). ONOO:-, which
is a highly reactive molecule, reacts with cellular compo-
nent (e.g. membrane lipids and proteins), disturbing their
function and consequently cellular hemostasis.[??! Melatonin
has an inhibitory effect on NOS activity. Tissue NO level
was reduced after melatonin treatment in a rat skin flap
ischemia-reperfusion model.”!] In this experiment, melato-
nin significantly decreased malondialdehyde (MDA) levels,
which is an end product of lipid peroxidation and elevated
the GSH content. MAD is generated as a result of toxic ef-
fects of active oxygen radicals. It destroys unsaturated fatty
acids in the cell membranes. In addition, melatonin inhibits
the production of tumor necrosis factor.?! TNF-a. is known
to induce neutrophil and endothelial cell activation.[*”! Ce-
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rium nitrate? and N-acetylcysteine?”] was found to be ef-
fective in saving the zone of stasis by decreasing the level of
TNF production.

An ideal pharmacological agent for saving the zone of stasis
should have the following features: safety, clinical availability,
and easy administration. Melatonin fulfills all of these criteria.
Anti-thrombotic agents have serious side effects that restrict
their clinical use; whereas, melatonin has a very little side ef-
fect potential.

Melatonin induced microvascular protection is the result of
its scavenging effect on free radicals. In the present study, use
of melatonin due to its antioxidant effect showed favorable
results in saving the zone of stasis. In conclusion, systemic
usage of melatonin may be considered as an effective method
to prevent the cells in the zone of stasis to go under necrosis
and possible extension of burn area.

Conflict of interest: None declared.
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DENEYSEL CALISMA - OZET

Yanik staz zonunun melatonin kullanimiyla kurtarilmasi: Siganlarda deneysel caligma

Dr. Muhammed Kayapinar,' Dr. Nevra Seyhan,' Dr. Mustafa Cihad Avunduk,? Dr. Nedim Savac’

Necmettin Erbakan Universitesi Tip Fakiiltesi, Plastik Cerrahi Anabilim Dali, Konya
2Necmettin Erbakan Universitesi Tip Fakiiltesi, Patoloji Anabilim Dali, Konya

AMAC: Staz zonunun kurtarilmasini amaglayan calismalar deneysel yanik calismalarinin dnemli bir bolimiini olusturmaktadir. Staz zonunun kurta-
rilmasinda deneysel olarak antitrombotik, antienflamatuvar, antikoagtlan gibi bir¢ok ilag arastirilmistir. Bu galismanin amaci sistemik melatoninin staz
zonuna etkisini degerlendirmektir.

GEREC VE YONTEM: Calismada 20 adet eriskin Wistar Albino sican kullanildi. Randomize secilen sicanlar iki gruba ayrildi (n=10). Sicanlarin sirtlari
tiraslandiktan sonra 1x2 cm ebadinda kaynar suda isitilmis metal plak 20 sn bekletilerek yanik olusturuldu. Kontrol grubuna tedavi verilmedi. Tedavi
grubuna yedi giin sireyle 10 mg/kg/glin dozunda intraperitoneal melatonin enjeksiyonu yapildi. Her iki grubun giinltik dijital fotograflar gekildi.
Total nekrotik yanik alanlari ve staz zonu Auto CAD ve goriintii analizi programlariyla degerlendirildi. Bir hafta sonunda siganlar sakrifiye edilerek
histolojik inceleme igin cilt biyopsisi alindi. Odem, konjesyon, enflamatuvar infiltrasyon, vaskiiler proliferasyon ve fibrozis degerlendirilen paramet-
relerdi. Elde edilen veriler ki-kare ve student t-testleri ile degerlendirildi.

BULGULAR: Experimental gruba ait histopatolojik veriler ile total nekrotik yanik alanlari ve staz zonu &l¢timlerine ait sayisal veriler kontrol grubu ile
karsilastirildiginda melatoninin staz zonuna etkinligini kanitlayacak sekilde istatistiksel olarak anlamliydi (p<0.05).

TARTISMA: Bu calismanin sonucuna gore yanikta staz zonunun kurtarilmasinda melatonin etkilidir.

Anahtar sozclikler: Melatonin; staz zonu; yanik.
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