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SUMMARY

The aim of the research was a histological study of the tissue structure of experimental animals
with burns in dynamics using various topical agents after the injury.

Experimental simulation of burn injuries was performed on 40 rats, which were divided into the
main and control groups. Depending on the nature of care provided, the animals of the main group were
divided into subgroups: in the 1%t subgroup a uniform layer of sunflower oil was applied, in the 2nd
subgroup dexpanthenol was sprayed, in the 3 subgroup prompt neutralization of traumatic action was
performed with a gauze napkin soaked in water. Animals from the control group were not treated. The
examination involved a histological study.

The results confirmed the negative impact of applying oil to the burnt area as a means of first aid,
which caused more pronounced degenerative changes of the dermis and its structures with the
involvement of hypodermis in the pathological process, prolonging the duration of healing. As for the use
of dexpanthenol spray for burn injuries, the histological changes of tissues did not differ much from those
in animals of the control group, which did not receive any care. At the same time, histological findings of
the tissues of animals treated with moistened wipes was characterized by less pronounced pathological
changes.

Histological analysis of tissue changes of the burnt area in dynamics objectively proved the
effectiveness of water as the main pathogenetic element of emergency care in an experiment.
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INTRODUCTION

Burn injuries remain a serious medical issue
with a high level of disability and mortality among
victims (1). Despite numerous differences in the
statistics of burn injuries and their change tendencies
in different countries, social and economic compo-
nents remain common, which is often a burden to
the patient, their family and the state as a whole (2,
3). This is especially true in low-income countries,
where principles of insurance medicine are not fully
developed and state guarantees are not able to com-
pensate for long-term, costly treatment of such pa-
tients with subsequent rehabilitation (4, 5). This is
also true about innovative technologies and mate-
rials, the use of which in the practical health care
system is severely limited due to their price. Thus,
the analysis of financial costs conducted at the Burn
Centre of Maastad Hospital in Rotterdam (Nether-
lands) found that the cost per patient with burn
injuries of 8% is about 26,540 € (from 742 to 235,557
€), of which 62% is for hospital stay, 5 % for surgery
and 20% for absence from work (6). Moreover, dete-
rioration of the economic climate of many countries
and Ukraine in particular leads to a decrease in the
number of specialized burn hospitals or the corre-
sponding beds. Therefore, adequate self-help, mutu-
al assistance and first aid become especially impor-
tant, which will prevent the progression of the path-
ological process and, accordingly, accelerate the
recovery of the victim (7). For this purpose, it is
essential to apply water at room temperature to the
injured area for a certain period of time (8). Despite
numerous experimental justifications for the feasi-
bility of this simple, affordable method, significant
positive experience of its practical use, the level of
prehospital use still remains low and is, according to
the literature, 70% of cases, 20 - 30% of which is ice
water or ice (9).

According to some studies, 47% of patients
were hospitalized with burn injuries which were
treated with folk remedies (10). The choice of such
means depends on territorial and ethnic features, but
in general sunflower oil and animal fats, which are
found in 28.9% of hospitalized patients, occupy the
leading positions. Not least among them is the
irrational use of drugs, especially antibacterial drugs
and stimulants of reparative processes in the form of
ointments, sprays, which are actively promoted by
the media without detailing clear indications or
features of application.

Research objective: histological study of the
tissue structure of experimental animals with burns
in dynamics using various topical agents after the
injury.

MATERIALS AND METHODS

The experimental study was performed on 40
sexually mature Wistar rats, which were on a normal
diet weighing 150 - 160 g. The study followed the
international rules and principles of the «The Euro-
pean 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 ani-
mals 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 was performed on
the rats of both groups according to the method
suggested by Pfurtscheller et al. (11). Depending on
the nature of care provided, which began immedi-
ately after receiving burns, the animals of the main
group were divided into subgroups: in the 1st sub-
group a uniform layer of sunflower oil was applied
on the affected area (Figure 1a); in the 2" subgroup
dexpanthenol was sprayed on the burnt surface area
(Figure 1b); in the 3 subgroup prompt neutraliza-
tion of hyperthermic traumatic factors was per-
formed with a gauze napkin soaked in water at a
temperature of 18 - 20°C, which was changed when
heated to 34°C (Figure 1c). Animals of the control
group were not treated.

The study involved histological examination
of tissues, the collection of which was carried out im-
mediately after modeling the pathological process,
as well as on the 3, 7th 14th day from visible parts of
the lesion and adjacent tissues up to 5 mm thick. The
obtained tissue array was fixed in a 10% solution of
neutral formalin, then washed, dehydrated, embed-
ded in paraffin and sections 7 um thick were
prepared on a microtome. The prepared histological
specimens were stained with hematoxylin and eosin
(12). Stained sections were examined using
OLYMPUS BX-41 light microscope (Ministry of
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Health of Ukraine, State Registration Certificate No
8120/2008, code 9011800000) at a magnification of 40,
100 and 200 times. Image visualization was per-

formed using Quickphoto micro 2.3 (license
agreement No 925113924).

Figure 1. Appearance of experimental animals with burn injuries at the stage of first aid with
sunflower oil (a), dexpanthenol based spray (b), and soaked napkin (c)

RESULTS

Immediately after simulating boiling water
burns in all animals, the injured area was defined
without clear borders with the formation of necrosis
in its center and pronounced perifocal reactive
changes in the form of focal perivascular lympho-
cytic infiltration and signs of significant hemo-
microcirculation disorders. Desquamation of epider-
mis with pronounced coagulation changes was
determined, and the dermis consisted of bundles of
collagen and elastic fibers with different directions,
which in some places showed the signs of necrosis.
The vessels in the dermis around the immediate area
of the lesion were paretically dilated with pro-
nounced dystrophic changes in the endothelium,
plethora and marginal leukocytes. Small clusters of
lymphocytes, monocytes and isolated leukocytes
were detected around the skin appendages and
perivascularly. The structure of hypodermis was
disrupted due to degenerative changes with signs of
accumulation of oedematous fluid, where there were
single mononuclear cells such as blood monocytes,
lymphocytes, segmental leukocytes (Figure 2).

On the 3 day of observation, the signs of a
fairly deep thermal burn injury with significant co-
agulation changes in the epidermis, adjacent dermis
and skin appendages in animals of the main group 1
were noted. Expressed oedema, stratification and
fragmentation of collagen and elastin fibers of deep
layers of dermis, hemomicrocirculation disorder
with perivascular infiltration of lymphocytes and
leukocytes were defined (Figure 3a).

Animals of the main group 2 in the same
period had a more favorable histological picture:
signs of less deep thermal burns with much smaller
coagulation changes of skin structures were deter-
mined. In the adjacent dermis and its deeper layers,
a moderate edema, pronounced erythrostasis in the
vessels, and preserved skin appendages with degen-
erative changes were observed. The intensity of
inflammatory infiltration, represented mainly by
segmental neutrophils, lymphocytes and cells of the
monocyte series, was less pronounced (Figure 3b).

Histological signs of thermal injury in the
tissues of animals of the main group 3 were the least
pronounced in comparison with the previous ones.
They were characterized by a reduction in area, depth
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Figure 2. Microscopic skin changes of the studied animals immediately after the
simulation of experimental burns. Hematoxylin-eosin staining x100.

Figure 3. Microscopic changes in the skin of animals of the main group 1 (a) and the main group 2 (b) on the 3 day
after modeling of experimental burns. Hematoxylin and eosin staining x100.

of coagulated tissues, which was mainly limited to
the epidermal layer and corresponded to changes
characteristic of superficial damage (minor coag-
ulation changes in the epidermis, adjacent dermis,
skin appendages, moderate oedema of collagen and
elastin fibers of deep layers of dermis, small focal
inflammation with a predominance of lymphocytes,
mononuclear tissues). The obtained results indicated
the ability of prompt neutralization of traumatic ac-
tion of thermal agents not only to prevent the pro-
gression of the process, but also to positively affect
the cells in the state of parabiosis with the restoration
of their structure and function in the first days after
the injury (Figure 4a).

Histological structure of tissues of animals in
the control group, which were not provided first aid
at all, was characterized by a slight reduction in the
area of coagulation damage, without clear borders,
which was due to compaction and thinning of the
coagulated tissue in the centre of which necrosis was
determined. Signs of expressed perivascular infil-
tration of lymphocytes and leukocytes with micro-
circulatory disorders persisted. The adjacent dermis
was coagulated. Signs of moderate oedema were
detected in the deeper layers of the dermis (Figure
4b).

On the 7t day of observation, the animals of
the main group 1 and the control group showed
complete rejection of the coagulated dead epidermis
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Figure 4. Microscopic skin changes of animals of the main group 3 (a) and control group (b) on the 3™ day
after modeling experimental burns. Hematoxylin and eosin staining x100.

Figure 5. Microscopic skin changes of animals of the main group 1 (a), the main group 2 (b) and the main group 3 (c)
on the 7% day after modeling experimental burns. Hematoxylin and eosin staining x100.

and the initial marginal growth of new epithelium
on the granulation tissue. Signs of an inflammatory
reaction that spread to the hypodermis persisted.
Among the inflammatory cells isolated, new fibro-
blasts were observed. Vascular reaction in the form
of plethora, dermal oedema, erythrostasis in the
vessels of its deep layers continued to be determined
(Figure 5a).

In animals of the main group 2 on day 7, the
activity of proliferative manifestations was higher,
which was manifested by more active closure of
granulation tissue with new epithelium on the back-
ground of rejection of necrotic tissues from the
wound surface. Manifestations of the inflammatory
reaction were moderate and, as in the previous

group, they not only spread to the subcutaneous
tissue, but were accompanied by active appearance
of new forms of fibroblasts. Erythrostasis in the der-
mal vessels as well as oedema of single bundles of
collagen fibers persisted (Figure 5b).

In animals of the main group 3, which im-
mediately after the burn were treated with wipes
soaked with water, healing of the burn injury was
histologically confirmed, with formation of new
epithelium and connective tissue scar under it. The
connective tissue had vascular reduction, as well as a
significant number of fibrocytes and collagen fibers.
In some places, skin appendages (hair follicles, se-
baceous and sweat glands) were identified. Minor
manifestations of the inflammatory reaction in the
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form of lymphohistiocytic infiltration and microcir-
culatory disorders in the area of scar formation per-
sisted (Figure 5c).

On the 14t day, the signs of wound healing on
the background of burns and the formation of scar
tissue in these areas with some differences de-
pending on the characteristics of first aid provided
were determined in all the observed groups. In
particular, in animals of the main group 1, where
sunflower oil was immediately applied to the burnt
area, a new cell scar was determined, which con-
sisted of a large number of fibroblasts, fibrocytes,
collagen fibers and partially replaced the structural
elements of intact skin. A layer of fibrous tissue and
hypodermis was determined under the scar, where
signs of lymphohistiocytic infiltrative inflammation
persisted. Significant inhibition of epithelization pro-
cesses was noted (Figure 6a).

Oddly enough, epithelization processes in the
animals of the control group, which were not pro-
vided any treatment, were more active and on the
14t day almost the entire wound defect was closed.
The formation of a new cell scar was also accom-
panied with focal inflammatory cell infiltration. Re-
duction of blood vessels and absence of skin ap-
pendages (hair follicles, sebaceous and sweat glands)
were observed (Figure 6b).

Histological examination of animal tissues of
the main group 2 and 3 on the 14% day after the
injury established complete healing of the burn
without inflammatory changes with the formation of
a complete connective tissue scar with its total
epithelization. A layer of shaped fibrous tissue, as
well as hair follicles, sebaceous and sweat glands,
were determined under the scar tissue (Figure 6c).

Xy
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Figure 6. Microscopic skin changes of animals of the main group 1 (a), control group (b) and the main group 3 (c)
on the 14" day after modeling experimental burns. Hematoxylin and eosin staining x100.

DISCUSSION

The existing literature sources indicate the
undeniable positive effect of hypothermia ("cooling")
on the affected areas in terms of self-help, mutual
assistance and first aid (13). Moreover, the principles
of neutralization of traumatic thermal agents using
water and applying a clean dressing to the wound
have become the basis of most modern clinical
guidelines (14). Nevertheless, empirically, patients
with burn injuries continue to use alternative folk
remedies (oil, butter, eggs, honey, toothpaste, prod-
ucts of vital functions, vegetables, fruit, etc.) or drugs
for other purposes. Such substances are not only
ineffective but can lead to burn deepening, their
infection with further deterioration of the general
condition and increased risk of mortality (15). With

this in mind, a similar experimental study was con-
ducted with simulation of IIb degree boiling water
burns and the use of various first aid means, which
began immediately after the injury and involved the
study of histological structure of tissues in the area
of injury at different stages of the wound process.
The obtained results naturally confirmed the
negative impact of applying oil to the burnt area as
first aid, which caused more pronounced degen-
erative changes in the dermis and its structures with
the involvement of even the hypodermis in the
pathological process. In general, the nature of
changes contributed to the prolongation of wound
healing, delay of epithelization, which did not com-
pletely occur even on the 14t day of observation.
The obtained histological findings were worse than
in animals, which were not treated at all. At the same
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time, histological findings of animal tissues treated
with wet wipes were characterized by less pro-
nounced pathological changes during the entire
observation period with a decrease in inflammatory
activity on the 3 day, which was manifested by
small focal infiltration of cellular elements, oedema,
and vascular plethora with the preservation of the
structure of skin appendages. Concerning the use of
dexpanthenol-based spray for burn injuries, histol-
ogical changes of the tissues, especially during the
first days, did not differ much from those in the
animals of the control group, which did not receive
any treatment.

CONCLUSION

Histological analysis of tissue changes of the
burn area in dynamics objectively proved the effec-
tiveness of water as the main element of emergency
care in an experiment, which pathogenetically con-

firms the need for further neutralization of traumatic
endogenous factor in the paranecrotic area. The use
of folk remedies or wound healing agents at this
stage of development of thermal trauma is inexpe-
dient and ineffective.
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SAZETAK

Cilj istrazivanja bilo je histolosko ispitivanje strukture tkiva eksperimentalnih zivotinja sa
opekotinama koris¢enjem razlicitih lokalnih agenasa nakon povrede.

Eksperimentalna simulacija nanoSenja povreda sprovedena je na 40 pacova, koji su bili podeljeni u
glavnu i eksperimentalne grupe. U zavisnosti od vrste pruZene nege, zZivotinje iz glavne grupe bile su
podeljene u podgrupe: u prvoj podgrupi nanesen je uniformni sloj suncokretovog ulja; u drugoj podgrupi
naprskan je dekspantenol; u trecoj podgrupi uradena je hitna neutralizacija traumatskog postupka
kori$¢enjem gaze natopljene u vodu. Zivotinje iz kontrolne grupe nisu tretirane. Pregled je ukljuéivao
histolosku studiju.

Rezultat je potvrdio negativni uticaj nanosenja ulja na opekotinu kao sredstva prve pomodi, sto je
izazvalo naglaSenije degenerativne promene dermisa i njegovih struktura, sa zahvatanjem hipodermisa u
patoloskom procesu i produZenjem zarastanja. Sto se tie upotrebe dekspantenola u spreju za tretiranje
opekotina, histoloSke promene tkiva nisu se mnogo razlikovale od promena kod zivotinja kontrolne grupe
koje nisu dobile nikakvu negu. U isto vreme, histoloski nalazi tkiva Zivotinja tretiranih nakvasenim trakama
odlikovali su se manje izraZenim patoloSkim promenama.

Histoloska analiza promene tkiva opekotine objektivno je dokazala efikasnost vode kao glavnog
patogenetskog elementa hitnog zbrinjavanja u eksperimentu.

Kljucne reci: opekotine, prva pomoc, uklanjanje toplote, topla voda
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