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Introduction

Burns are one of the most fearsome and widespread 
forms of injury, which is characterized by prolonged, ex-
pensive treatment with not always positive outcomes and a 
high risk of various complications at different stages of the 
wound process [1].

The government and health care system of Ukraine to-
day cannot afford the significant financial costs for treating 
patients with burns as opposed to countries with higher wel-
fare levels. For comparison, in Germany, a total of € 270000 
are spent per patient with burns per year, in the UK it is 
around € 63157, given significant costs of treating patients 
in intensive care, long and expensive rehabilitation and a 
high risk of disability [2].

Therefore, the pathogenetic substantiation of knowledge 
on the provision of self-help, mutual assistance and first aid 
at the site of injury at the prehospital and hospital-based lev-
els by prompt neutralization of exogenous and endogenous 
factors of injury with ordinary water at room temperature is 
so relevant [3].

Objective: experimental study of effective prompt neu-
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Abstract
Background: High mortality and disability of patients with critical and supercritical burns, long-term treatment, unsatisfactory aesthetic and functional 
results lead to the search for ways to provide assistance aimed at counteracting the formation of a mass of necrotic tissue, which is crucial for life or death 
of the victim.
Material and methods: The experimental study was performed on 60 sexually mature Wistar rats, which were on a regular diet and weighed 150-160 g. 
The experimental animals were divided into the main and control groups and were used to simulate burns with boiling water of IIb degree. 
Results: The traumatic effect of hyperthermic exogenous and endogenous damage factors of the animals in the main group were immediately neutralized 
by a gauze napkin soaked in water at a temperature of 18-20 °C immediately after the simulation of burns, the duration of which became the criterion 
for dividing them into subgroups. In animals of subgroup 1 the time of application of a wet wipe to the burn area was 1 min., in the 2nd subgroup it was 
5 min., 3rd subgroup – 10 min., 4th subgroup – 15 min., 5th subgroup – 20 min. The application napkin was changed when it was heated to 34 °C. Such 
applications were not performed to the animals of the control group.
Conclusions: The conclusion was made on the necessity of prompt neutralization of traumatic action of hyperthermic exogenous and endogenous damage 
factors as the main elements of burn wound depth. For a broader understanding of action mechanisms of the suggested technology of self-help and mutual 
first aid as well as the nature of the impact of neutralization directly on the tissues, it is advisable to supplement the research with morphological methods.
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tralization of the traumatic effects of exogenous and endog-
enous factors of burn injuries.

Material and methods

The experimental study was performed on 60 sexually 
mature Wistar rats, which were on a normal diet, weighing 
150-160 g. The study followed the international rules and 
principles of “The European Convention for the Protection 
of Vertebrate Animals used for Experimental and other 
Scientific Purposes” (Strasbourg, 18.03.1986), directives of 
the Council of the European Economic Association for the 
protection of vertebrate animals (Strasbourg, 24.11.1986), 
Directive 2010/63/EU of European Parliament and Council 
on the protections of animals used for scientific purposes, 
“General ethical guidelines for experiments on animals” 
(Kyiv, 2011).

Experimental animals were divided into the main and 
control groups. Simulation of IIb degree burn injuries with 
boiling water with an area of 27 cm2 was performed on the 
rats of both groups according to the method suggested by 
Pfurtscheller et al. [4]. Prompt neutralization of the trau-
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matic action of hyperthermic exogenous and endogenous 
damage factors of animals in the main group was carried 
out with a gauze napkin soaked in water at a temperature of 
18-20 °С immediately after the simulation of burns. The du-
ration of traumatic action became a criterion for division of 
animals into subgroups. In animals of subgroup 1 the time 
of application of a wet wipe to the burn area was 1 min, in 
the 2nd subgroup it was 5 min, 3rd subgroup – 10 min., 4th 
subgroup – 15 min, 5th subgroup – 20 min. The application 
napkin was changed when it was heated to 34 °C. Such ap-
plications were not performed to the animals of the control 
group.

The studies were performed on the 1st, 3rd, 5th, 7th, 14th 
day and included assessment of the appearance of animals 
and wounds, determination of temperature in the center of 
the injured area with infrared non-contact thermometer 
ThermoFlash LX-26 (SN: 103300706647) compared with 
that in a homogeneous intact area, analysis of the wound 
defect area by a planimetric method using mobile applica-
tion “LesionMeter” [5, 6]. On days 5, 14 blood was taken 
from the tail vein with leukocyte count [7].

Statistical processing of the obtained results was 
performed using Microsoft Excel 2016 software and 
“STATISTICA 5.5” (owned by of National Pirogov 
Memorial Medical University, Vinnytsya, Ukraine, license 
No AXXR910A374605FA) with determination of the arith-
metic mean and its error (M ± m), Student’s criterion (t) and 
reliability index (p). Differences at p ≤ 0.05 (95.5%) were 
considered reliable [8].

Results and discussion

On the first day the formation of gray burn necrosis in 
the injured area with islets of shading was determined in 
animals of all groups. Size of the islets increased in propor-
tion to the decrease in neutralization time, mostly in the 
control group (fig. 1).

Fig. 1.  Wound appearance of the animal in the control group on 
the 1st day of experimental modeling, the formation 

of burn necrosis

From day 3 the necrotic eschar of the studied animals, 
which was particularly dense in the rats of the control group, 
was firmly fixed to the adjacent tissues. In addition, forced 

position of the body in the animals of the control group and 
main group 1 with curved torso towards the injury, bowed 
head and cautious behavior when moving, which suggests 
significant pain at the site of injury, was determined.

Fig. 2.  The characteristic position of the experimental animal  
of the control group on the 3rd day of observation

On day 5 previous conditions remained with darkening 
of the necrotic eschar and the compaction of its structure. 
On day 7 partial detachment of the edges of the necrotic 
eschar was determined in all animals of the main group, es-
pecially in groups 4 and 5; dense necrotic eschar firmly fixed 
to the wound surface with eroded edges was determined in 
animals of the control group (fig. 3).

Fig. 3.  Wound appearance of animals in the main-5 (a) 
and control (b) groups on the 7th day of experimental 

modeling, the wound is covered by necrotic eschar

On day 14 partial exfoliation of the necrotic eschar with 
signs of epithelialization of the wound surface was observed 
in animals of the main group, the manifestations of which 
were especially noticeable in groups 3, 4, 5. The wound de-
fect of animals of the control group remained covered with 
necrotic eschar (fig. 4).

Complete healing of the wound defect in animals of the 
main group was determined on days 19-20, while in the 
control group minor residual wounds with signs of epitheli-
alization were noticed.

a

b
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Fig. 4.  Wound appearance of animals in the main-5 (a) 
and control (b) groups on the 14th day of experimental 

modeling, signs of necrotic eschar exfoliation and marginal 
epithelialization of wounds of animals in the main group

The skin surface temperature of the rats before the ex-
periment was 37.3±0.4 °С. After application of the heated 
liquid to the skin surface, a sharp increase in temperature in 
this area to 52.8±1.7 °С was determined. The change of wet 
wipes for neutralization in the animals of the main group 
was performed after the temperature in the burn area in-
creased over 38.5 °С. After completion of neutralization in 
the appropriate time for the animals of main groups 1, 2, 
3, 4, the temperature of the injured area differed from that 
on a symmetrical intact surface with an average difference 
of 1.8±0.3 °C for 30 minutes. Along with this, in the main 
groups 1, 2, 3, 4 there was a repeated increase in the tem-
perature of the injured area compared to the intact one. And 
only in the main group 5 after 20 minutes of application of a 
wet wipe, the heating of the latter was not determined, and 
the temperature of the injured area corresponded to that on 
a healthy body surface. 1 hour after burn modeling, the dif-

ference in temperatures of the compared areas in animals 
of all groups was not reliably detected, which persisted 
throughout the subsequent observation period. The results 
of determining the area of the wound defect are shown in 
table 1.

Thus, on the 1st day after modeling the area of wound 
defect in animals of the main group 1 was 25.89 ± 0.39 cm2, 
group 2 – 24.85 ± 0.26 cm2, group 3 – 24.50 ± 0.33 cm2, 
group 4 – 23.93 ± 0.25 cm2, group 5 – 22.46 ± 0.27 cm2; 
this index was higher in the control group and amounted to 
26.14 ± 0.32 cm2. This difference between the main groups 
4, 5 and the control group was reliable. At a later date, these 
patterns were similar maintaining a positive tendency to re-
duce the size of the wound defect in animals the tempera-
ture factor of which was neutralized. On day 14 these indi-
ces constituted 14.94 ± 0.31 cm2, 13.37 ± 0.28 cm2, 13.06 ± 
0.35 cm2, 13.04 ± 0.21 cm2, 12.66 ± 0.19 cm2, 16.08 ± 0.27 
cm2 in animals of the main and control groups, respectively.

The leukocyte count analysis revealed general patterns 
for animals of all studied groups: increase in the relative 
number of eosinophils, monocytes, rod-shaped neutrophils 
with a decrease in the population of segmental leukocytes 
and lymphocytes (tab. 2). Difference between the level of 
rod-shaped neutrophils on days 5 and 14 in the control 
(15.3 ± 1.1%; 9.5 ± 0.7%;) and main groups (6.8 ± 0.7 %, 6.0 
± 0.7 %; 5.3 ± 0.5 %, 3.9 ± 0.7 %; 4.5 ± 0.9 %, 5.4 ± 0.8 %; 
6.0 ± 0.8 %, 4.8 ± 0.6 %; 4.9 ± 0.7 %, 5.2 ± 0.4 % in 1, 2, 3, 4, 
5, respectively) was statistically significant, which indicates 
a more pronounced systemic inflammatory reaction in ani-
mals without neutralization of traumatic agent. Statistical 
differences in indices of a relative level of lymphocytes on 
the 5th day in animals of the control group (64.2 ± 2.2%) to 
71.2 ± 1.7%, 73.0 ± 1.5%, 73.4 ± 2.1%, 70.9 ± 0.9%, 70.8 ± 
1.1% in the main groups 1, 2, 3, 4, 5, respectively, confirms 
the intensity of immunity of the latter.

Thus, the need for prehospital care for patients with 
burns is not in doubt [9]. It seemed as though the problem 
was solved and clear step-by-step guidelines for burn care of 
various genesis and severity were developed [10]. A number 
of experiments on animals and observations on humans 
were carried out where the mechanisms of their action were 
carefully studied and pathogenetically substantiated [11]. 

Table 1.  Dynamics of change in the size of burn injury in the studied rats (cm2)

Observation group
Terms of observation

Day 1 Day 3 Day 5 Day 7 Day 14

Main group-1 25.89±0.39 25.92±0,33 23.68±0.35* 19.01±0.29 14.94±0.31*

Main group-2 24.85±0.26* 25.17±0.51* 22.21±0.39* 18.37±0.40* 13.37±0.28*

Main group-3 24.50±0.33* 24.09±0.46* 21.78±0.37* 18.51±0.38* 13.06±0.35*

Main group-4 23.93±0.25* 23.32±0.39* 21.53±0.45* 18.35±0.25* 13.04±0.21*

Main group-5 22.46±0.27* 21.90±0.45* 20.01±0.33* 17.52±0.31* 12.66±0.19*

Control group 26.14±0.32 26.75±0.41 25.31±0.39 19.66±0.22 16.08±0.27

Note: *р ≤ 0.05 – index of statistical reliability in comparison with the control group.

a

b
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However, numerous fundamental differences in the results 
of these studies indicate the opposite. One of the main dif-
ferences is the terminological discrepancy, which in essence 
leads to a misunderstanding of one of the most important 
elements of first aid – “cooling”. Existing studies have clearly 
established the negative effects of low temperatures (ice and 
water at <10 °C) on local tissues, causing vasoconstriction 
with additional tissue damage in the burn area, disproving 
previous theories of rapid aggressive wound cooling [12]. 
Moreover, it has been proven that even topical use of low 
temperature agents can cause a number of systemic disor-
ders in the body characteristic of general hypothermia [13]. 
Therefore, the most effective and safe water temperature to 
date is set in the range of 15-22 °C, and in some cases even 
37 °C in order to improve microcirculatory perfusion [14]. 
In view of this, in our opinion, in contrast to the term “cool-

ing” it would be appropriate to use the term “neutralization”, 
which more clearly reflects the mechanisms and principles 
of this process.

Another controversial element is the time of onset and 
duration of local neutralizing action on the injured area. If 
the opinion of researchers mostly coincides with the need 
for the earliest possible neutralization of the traumatic agent, 
the terms suggested by various scientists are fundamental-
ly different [15]. Such discrepancies led to a similar study, 
which clearly confirmed positive effect of prompt neutrali-
zation of traumatic effects of exogenous and endogenous 
factors of thermal damage on the wound process, wound 
healing and reducing the activity of general inflammatory 
reaction on the example of experimental burns on animals. 
Moreover, the results of research clearly confirmed the in-
terrelation between the duration of care provided and the 

Table 2.  Dynamics of leukocyte count in rats with burns

Hematological parameters Observation group
Terms of observation

Intact Day 5 Day 14 

Eosinophils, %

Main group-1

1.8±0.5

4.0±0.5 3.3±0.4

Main group-2 4.2±0.3 3.7±0.5

Main group-3 3.7±0.5 3.5±0.2

Main group-4 3.9±0.6 3.2±0.4
Main group-5 3.5±0.4 3.6±0.3
Control group 4.5±0.7 3.9±0.5

Rod-shaped neutrophils, %

Main group-1

2.9±0.7

6.8±0.7* 6.0±0.7*

Main group-2 5.3±0.5* 3.9±0.7*

Main group-3 4.5±0.9* 5.4±0.8*

Main group-4 6.0±0.8* 4.8±0.6*
Main group-5 4.9±0.7* 5.2±0.4*
Control group 15.3±1.1 9.5±0.7

Segmented neutrophil, %

Main group-1

16.8±2.1

9.3±0.8 12.7±0.6

Main group-2 8.4±0.5 13.3±0.8

Main group-3 9.5±0.6 12.9±0.7

Main group-4 10.1±1.0 14.4±0.9*
Main group-5 11.5±0.8* 13.8±0.7*
Control group 8.1±0.9 11.6±0.6

Lymphocytes, %

Main group-1

72.8±3.5

71.2±1.7* 71.0±1.3

Main group-2 73.0±1.5* 70.3±1.9

Main group-3 73.4±2.1* 69.0±1.6

Main group-4 70.9±0.9* 70.1±1.6
Main group-5 70.8±1.1* 69.2±1.8
Control group 64.2±2.2 68.6±2.5

Monocytes, %

Main group-1

3.7±0.9

8.7±0.6 6.8±0.4

Main group-2 9.1±0.8 7.3±0.5

Main group-3 8.9±0.7 7.9±0.6

Main group-4 9.1±0.6 8.5±0.3
Main group-5 9.3±0.7 8.2±0.4
Control group 7.9±0.9 6.1±0.6

Note: *р ≤ 0.05 – index of statistical reliability in comparison with the control group.
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nature of further course of the pathological process. Thus, 
it was established that 20 minutes can be considered the 
optimal effective duration of prompt neutralization under 
the conditions of experimental modeling of burns with boil-
ing water in rats. However, it is necessary to keep in mind 
the numerous anatomical and physiological features of the 
course of processes in these animals, which are substantially 
different from human ones. With this in mind, the results 
obtained should by no means be extrapolated to the human 
body, which requires further clinical study.

Conclusions

Results of the obtained experimental studies allowed to 
objectively confirm the importance and necessity of prompt 
neutralization of the traumatic effect of hyperthermic exog-
enous and endogenous damage factors as the main elements 
of burn wound depth formation. This was confirmed not 
only by the data of visual analysis of the wound area and the 
dynamics of changes in planimetric parameters, which in-
dicated a positive effect of neutralizing the traumatic agent, 
but also the results of hematological analysis. Thus, with the 
exception of monocytes, normal indices of eosinophils, rod-
shaped and segmental neutrophils and lymphocytes were 
better restored in the blood of animals of the main groups, 
which indicated a rapid attenuation of the inflammatory 
process and a reduction in burn depth.

For a broader understanding of action mechanisms of 
the suggested technology of self-help, mutual assistance and 
first aid and the nature of neutralization impact directly on 
the tissues it will be appropriate to supplement the research 
with morphological methods.
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