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factors (morphological features)
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Abstract Objective: morphological substantiation of efficiency of prompt neutralization of traumatic action of
exogenous and endogenous damage factors in burn injuries in experimental conditions.
After simulating the burns on 60 rats, the traumatic hyperthermic damage factors in the main group
were immediately neutralized by a gauze napkin soaked in water. Depending on its duration, the
animals were divided into subgroups. Such applications were not performed on the control group. The
study involved histological examination of tissues.
Animals of the main groups had the presence of histologically confirmed skin appendages with a
formed scar of connective tissue without signs of inflammation. In animals of the control group there
were no skin appendages, which indicates a deeper thermal damage to tissues and the impossibility of
self-epithelialization of wounds.
These results confirm the importance and necessity of prompt neutralization of the traumatic effect of
damage factors as the main elements of burn depth formation.
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Prompt neutralization of thermal damage factors

Introduction

Prompt neutralization of traumatic action of hyper-
thermic factors in burn injuries proved to be effective in
wound healing process, but its pathogenetic justification
remains an urgent task of modern combustiology [1, 2].
Neutralization of hyperthermic exogenous factor is known
to be followed by activation of endogenous one.

In recent years, the incidence of terrorist attacks has
increased significantly worldwide, resulting in numerous
traumatic injuries with burns making from 5-8% to 50% and
over. Practical experience has shown that the lower is the
exposure to traumatic effect of exogenous factors of damage,
the less severe is the course of burn injury and the better
treatment outcomes [3, 4, 5]. Comprehensive study of
specific morphological changes in the damaged tissues seems
to be of great significance for better understanding of the
major pathogenetic principles in giving first aid or self-care in
burn injuries depending on the time of intervention [6].

Objective: to present morphologically based arguments
for efficiency of prompt neutralization of traumatic action
of hyperthermic exo- and endogenous damage factors in
vivo experimental models of burns.

Materials and Methods

Experimental study was carried out on 60 mature Wistar
rats (150 - 160 g) being fed with standard normal diet. The
study conformed to international rules and principles of
protection of vertebrate animals used for experimental
purposes as well as ethical guidelines for animal research.

Experimental animals were divided into study
(experimental) group (10 rats) and control group (10 rats in
each of 5 subgroups). Modified scalding technique proposed
by Pfurtscheller et al. [7] was used to produce second-degree
scald burns in animals of both groups. In animals of
experimental group, traumatic effect of hyperthermic exo-
and endogenous damage factors was neutralized using a
gauze pad soaked in water (t=18-20°C) immediately after the
scald modeling. According to the time of application of
gauze pad on the burn region — 1, 2, 5, 10 and 15 minutes,
the animals were divided into subgroups 1, 2, 3, 4 and 5,
respectively. Application pads were changed at water
temperature of 34 °C. No such applications were used in rats
of the control group.

The study involved histological investigation of tissues
taken from visible parts of the wound and adjacent tissues up
to 5 mm thick at 1, 3, 7, 14 days after thermal injury
modeling. After sampling the material was immersed into
10% solution of neutral formalin for fixation followed by its
washing and dehydration. The tissue was then embedded in

paraffin, and sections 7 pum thick were made on the
microtome device. The histological specimen were stained
with hematoxylin and eosin [8] and then studied under light
microscope OLYMPUS BX-41 (Ministry of Health of
Ukraine, State Registration Certificate No 8120/2008, code
9011800000) at magnification of 40x, 100x and 200x. Image
visualization was performed using the program Quickphoto
micro 2.3 (licensing agreement No 925113924).

Results and discussion

Histologic specimen of tissues taken on day 1 of the
experiment (neutralization time - 1 minute) demonstrated
severe alternative changes in the damaged skin of animals
from group 1. The epidermis was absent due to its
coagulation and desquamation. Skin appendages located
close to the epidermis were absent with the signs of
coagulation changes in the deeper layers of the dermis.
There was marked swelling of collagen and elastin fibers of
the dermis as well as their splitting. In subepithelial layers
of the dermis proper, coagulation changes of collagen fibers
with their compaction, homogenization and post-burn
eschar formation were observed as well. Vascular response
was characterized by paretic vasodilation in the burn injury
zone with moderate hyperemia and hemolysis of
erythrocytes. Moderate swelling of hypodermis and dermal
reticular layer was visualized in the scalded area. There
were foci of inflammation presented as perivascular
inflammatory infiltrates and consisting predominantly of
segmented leukocytes and lymphocytes (Fig. 1).

Figure 1. Microscopic changes in the skin of the animal

from experimental group 1 on day 1 after thermal injury
modeling. Degenerative alterations in the dermal layer with
necrotic zone formation, marked perifocal edema, paretic
dilation and vascular erythrostasis, perivascular lymphoid
infiltration. Hematoxylin-eosin staining, x100.
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Animals of experimental groups 2 and 3 (neutralization
time - 5 and 10 minutes, respectively) had less severe
alternative changes in the damaged skin as compared to those
in experimental group 1. The epidermis was absent because
of its coagulation and desquamation, and the skin appendages
located close to the epidermis had less evident coagulation
changes. There was moderate swelling of dermal collagen and
elastin fibers, their mild splitting. In subepithelial layers of the
dermis proper, coagulation changes of collagen fibers with
their compaction, homogenization and formation of thin
eschar were observed as well. Vascular response was
presented as paretic vasodilation in the burn injury zone with
moderate hyperemia and hemolysis of erythrocytes. Moderate
swelling of hypodermis and dermal reticular layer was
visualized in the scalded area. There were foci of inflammation
presented as perivascular inflammatory infiltrates and
consisting predominantly of segmented leukocytes and
lymphocytes (Fig. 2).

Figure 2. Microscopic changes in the skin of the animal
from experimental group 2 on day 1 after thermal injury
modeling. Degenerative alterations in the dermal layer with
zone of necrosis formation, marked perifocal edema,
splitting of dermal collagen fibers. Hematoxylin-eosin
staining, x100.

Histologic investigation of injured tissues from the rats
of experimental groups 4 and 5 (neutralization time - 15 and
20 minutes, respectively) found minimal alternative
changes in the damaged skin as compared to those in group
1 and the control. The epidermal layer was absent due to its
coagulation and desquamation, and skin appendages
located close to the epidermis had minor coagulation
changes. Swelling of dermal collagen and elastin fibers as
well as their insignificant/slight splitting, formation of thin
eschar, paretic vasodilation in the burn injury zone with
moderate hyperemia and hemolysis of erythrocytes were
observed. However, inflammatory changes in the injured
skin tissues could hardly be visualized at this time (fig. 3).

Figure 3. Microscopic changes in the skin of the animal
from experimental group 5 on day 1 after thermal injury
modeling. Perifocal edema, splitting of dermal collagen
fibers, paretic vasodilation with hyperemia. Hematoxylin-
eosin staining, x100.

The study of histological structure of wound tissues
from control group animals revealed extended damaged
area with no distinct margins and necrosis formation in the
center. Besides, marked perivascular lymphocytic infiltration
and the signs of impaired microcirculation were seen as
well. The epidermis was absent because of its complete
desquamation due to evident coagulation changes. The
dermis consisted of bundles of collagen and elastic fibers
oriented in various directions with the signs of necrosis, as
well as their edema in the perifocal areas. Disturbances of
underlying hypodermis structure were attributed to
degenerative changes (Fig. 4).

Figure 4. Microscopic changes in the skin of the animal
from the control group on day 1 after thermal injury
modeling. Degenerative alterations in the dermal layer with
formation of coagulation necrosis zone, lack of epidermis,

perifocal edema, splitting of dermal collagen fibers.
Hematoxylin-eosin staining, x100.

On day 3 of observation, rats of experimental group 1 and
the control group exhibited even more evident changes in the
damaged skin. Inflammation involved the subcutaneous tissue
and muscles. Composition of cellular infiltrate was represented
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mostly by segmented neutrophils with a small number of
lymphocytes and monocyte lineage cells (macrophages,
multinucleated giant cells, foreign body giant cells). Vascular
response to the burn was characterized by moderate hyperemia,
edema of the hypodermis and reticular dermis in inflammation
region. There were isolated bundles of collagen fibers in dense
regular connective tissue of the dermis with the signs of
edema, splitting and fragmentation. Skin appendages had the
signs of dystrophic changes (Fig. 5).
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Figure 5. Microscopic changes in the skin of the animal from
the control group on day 3 after thermal injury modeling.
Tissue necrosis, absence of skin appendages, hyperemia,
diffuse leukocyte infiltration, homogenized collagen and
elastin fibers of the dermis proper, spread of inflammatory
infiltrate to muscle tissue. Hematoxylin-eosin staining, x100.

In animals of experimental groups 2 and 3, less evident
changes in the damaged skin were detected. There were
inflammatory changes in skin tissues as well but they
reached only the subcutaneous tissue. Composition of
cellular infiltrate was also represented mostly by
segmented neutrophils which included a small number of
lymphocytes and monocyte cells, but inflammatory cell
infiltration was less extensive (Fig. 6).
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Figure 6. Microscopic changes in the skin of the animal
from experimental group 2 on day 3 after thermal injury
modeling. Dystrophic changes of skin appendages, spread
of inflammatory infiltrate to the hypodermis, dermal
edema. Hematoxylin-eosin staining, x100.

At longer thermal exposure far less pathological
changes in the damaged region were found in animals of
experimental groups 4 and 5. Microscopy showed isolated
foci of inflammation. Inflammatory infiltrate consisted
mostly of lymphocytes, mononuclear cells such as blood
monocytes, and few segmented leukocytes. There were
mild hyperemia, edema of the hypodermis and reticular
dermis especially in the area of inflammation, isolated
bundles of collagen fibers with the signs of mild edema,
splitting, fragmentation of fibers. Skin appendages showed
minor dystrophic changes (Fig. 7).

Figure 7. Microscopic changes in the skin of the animal
from experimental group 5 on day 3 after thermal injury
modeling. Skin appendages with minor dystrophic changes,
moderate diffuse inflammatory infiltration, congestion and
hyperemia. Hematoxylin-eosin staining, x100.

On day 7 post-injury, initial proliferative changes were
registered in animals of experimental group 1 and the control
group, namely the development of young epithelium at the
edges of the wound. There was the growth of its epithelial
layer on granulation tissue, covering only a quarter of the
wound surface. Moderate inflammatory changes in skin
tissues persisted reaching the subcutaneous layer. The initial
stage of granulation tissue development at the site of dead
tissue was revealed, its main components being vertical
vascular loops and leukocyte-necrotic zone. The formation of
new microvessels was observed along with increase in
number of capillary endothelial cells (angioblasts), which first
formed cellular cords and later were involved in formation of
vascular tubes to receive blood. Blood corpuscles and
edematous fluid were discharged from newly formed vessels
into surrounding tissues. New fibroblasts were identified in
inflammatory cells. Reactive inflammatory infiltration was
observed in the hypodermis. Composition of cellular infiltrate
was represented mostly by lymphocytes with a small number
of segmented leukocytes and monocyte lineage cells.
Vascular response was characterized by persistent moderate
hyperemia, edema of the hypodermis and reticular dermis in
inflammation region. Isolated bundles of collagen fibers in
dense regular connective tissue of the dermis with the signs
of edema, splitting, fragmentation of fibers were also
visualized (Fig. 8).
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the control group on day 7 after thermal injury modeling.
Moderate inflammatory cell infiltration, proliferation of new
stratified squamous epithelium at the edges of the burn
wound. Hematoxylin-eosin staining, x100.

At that time, the histological material from animals of
experimental groups 2 and 3 exhibited more evident
proliferative changes - growth of young epithelium on
granulation tissue covering 2/3 of the wound surface area.
Mild inflammatory changes of skin tissues persisted
reaching the subcutaneous layer. Granulation tissue was
developing at the site of dead tissue. Besides, increased
number of new fibroblasts (formation of new scar tissue)
was observed (Fig. 9).

Figure 9. Microscopic changes in the skin of the animal from
experimental group 2 on day 7 after thermal injury modeling.
Moderate inflammatory infiltration, dermal edema, increased
number of new fibroblasts. Hematoxylin-eosin staining, x 200.

In rats of experimental groups 4 and 5, the healing of
burn wound with no evident signs of inflammation was
registered on day 7 of observation. In the zone of previous
inflammation, young connective tissue scar covered with
epithelium was formed. A layer of regular fibrous tissue
was revealed under the scar tissue. Scar tissue partially
replaced the structural elements of the skin. Isolated dermal
papillae, hair follicles, sebaceous and sweat glands were
visualized. Scar tissue consisted of a large number of
fibrocytes and collagen fibers. There was reduction of
blood vessels and closure of their lumen in scar tissue

region. Thin layer of hypodermis was observed under the
fibrous tissue. However, in some cases, a small number of
lymphobhistiocytic elements were still detected in the scar
region. In the hypodermis, there were mild signs of
microhemocirculation disorder in the form of moderate
hyperemia and isolated focal inflammation zones (Fig. 10).

from experimental group 5 on day 7 after thermal injury
modeling. Scarring of the dermis and skin appendages, the
appearance of stratified squamous epithelium on the scar
surface. Hematoxylin-eosin staining, x100.

Histological investigation of thermal injury tissues from
animals of experimental groups 1, 2, 3 and the control group
on day 14 post-injury demonstrated burn wound healing. In
the area of previous inflammation, young cellular connective
tissue scar was formed with the signs of epithelialization. A
layer of regular fibrous tissue was seen under the scar tissue.
Scar tissue was partially replaced by structural elements of
intact skin. Dermal papillae, hair follicles, sebaceous and
sweat glands were still absent. Scar tissue consisted of a large
number of young fibroblasts, fibrocytes and collagen fibers.
There was reduction of blood vessels and remodeling of the
scar. A thin layer of hypodermis with mild lymphohistiocytic
infiltration was defined under the fibrous tissue of animals
from the control group (Fig. 11).

AT A VRN
TR

Figure 11. Microscopic changes in the skin of the animal from
the control group on day 14 after thermal injury modeling.
Scarring of the dermis with no skin appendages, hypodermis
with mild lymphohistiocytic infiltration. Hematoxylin-eosin
staining, x 200.

3044



Prompt neutralization of thermal damage factors

In animals of experimental groups 4 and 5, histological
specimens exhibited the healing of burn wound on day 14
after thermal injury evidenced by formation of connective
tissue scar with no signs of inflammatory reaction. A layer
of regular fibrous tissue was determined under the scar
tissue. There were isolated hair follicles, sebaceous and
sweat glands. Scar tissue consisted of a large number of
fibrocytes and collagen fibers (Fig. 12).

Figure 12. Microscopic changes in the skin of the animal
from experimental group 5 on day 14 after thermal injury
modeling. Epithelialized scar formation, developed skin
appendages with no signs of inflammation. Hematoxylin-
eosin staining, x100.

Conclusion

The results of obtained morphological studies of tissues
after burn injury have confirmed the beneficial effect of rapid
neutralization of traumatic action of hyperthermic exo-,
endogenous damage factors as the major elements of burn
depth and necrotic tissue formation.

Characteristic microscopic changes of the skin after
thermal injury modeling are consistent with clinical and
laboratory data obtained in previous studies emphasizing
the significance of prompt neutralization of traumatic effect
of hyperthermic exo-, endogenous damage factors. The
procedure should begin immediately after the injury using
room temperature water and continue until disappearance
of pain in the wounds.

Conflict of interest
The authors declares that there is no conflict of interest.

Acknowledgment

We express our gratitude to the administration of
Vinnytsya National Pirogov Medical University headed by
the rector, academician of the National Academy of Medical
Sciences of Ukraine, professor Moroz V.M. in supporting
and facilitating the study.

References

1.  Awaisheh SS, Rahahleh RJ, Algroom RM, Al-
Bakheit AA et al. Contamination level and exposure
assessment to Aflatoxin M1 in Jordanian infant milk
formulas. ltalian Journal of Food Safety. 2019;8(3).
doi:10.4081/ijfs.2019.8263

2. Bogalho F, Duarte S, Cardoso M, Almeida A et al.
Exposure assessment of Portuguese infants to
Aflatoxin M1 in breast milk and maternal social-
demographical and food consumption determinants.
Food control. Published online 2018. Accessed
March 11, 2021. https://agris.fao.org/agrissearch/
search.do?recordID=US201800111029

3. Cano-Sancho G, Marin S, Ramos AlJ, Peris-Vicente J,
Sanchis V. Occurrence of aflatoxin M1 and exposure
assessment in  Catalonia  (Spain).  Revista
Iberoamericana de Micologia. 2010;27(3):130-135.
doi:10.1016/j.riam.2010.05.003

4. CLAL.Total Dairy Product Exports in Milk
Equivalent.  2018. https:/www.clal.it/en/index.php?
section =dairyPROD DWT me

5. Dimitrieska-Stojkovi¢ E, Stojanovska-Dimzoska B,
Ilievska G, Uzunov R et al. Assessment of aflatoxin
contamination in raw milk and feed in Macedonia
during 2013. Food Control. 2016;59:201-206.
doi:10.1016/j.foodcont.2015.05.019

6. Duarte SC, Almeida AM, Teixeira AS, Pereira AL et
al. Aflatoxin M1 in marketed milk in Portugal:
Assessment of human and animal exposure. Food
Control. 2013;30(2):411-417.
doi:10.1016/j.foodcont.2012.08.002

7. Fallah AA, Jafari T, Fallah A, Rahnama M.
Determination of aflatoxin M1 levels in Iranian white
and cream cheese. Food Chem Toxicol. 2009;47(8):1872-1875.
doi:10.1016/j.£ct.2009.04.042

8. Igbal SZ, Jinap S, Pirouz AA, Faizal ARA. Aflatoxin
M1 in milk and dairy products, occurrence and recent
challenges: A review. Trends in Food Science &
Technology. 2015;1(46):110-119.
doi:10.1016/}.tifs.2015.08.005

9. IPCS — International Programme on Chemical Safety.
Dietary exposure assessment of chemicals in food. In
Principles and methods for the risk assessment of
chemicals in food. 2009; Genéve, Switzerland: WHO,
chapter 6.

10. JECFA. Evaluation of certain mycotoxins in food. Fifty
sixth report of the Joint FAO/WHO expert committee on
food additives. Geneva: World Health Organization. 2002

11. KosJ, Levi¢ J, PBuragi¢ O, Koki¢ B et al. Occurrence
and estimation of aflatoxin M1 exposure in milk in
Serbia. Food Control. 2014;Complete(38):41-46.
doi:10.1016/j.foodcont.2013.09.060

12. Kuiper-Goodman T. Uncertainties in the risk
assessment of three mycotoxins: aflatoxin, ochratoxin
and zearalenone. Can J Physiol Pharmacol.1990;
68(7):1017-24. doi: 10.1139/y90-155

13. Mili¢evié¢ DR, Spiri¢ D, Radi¢evi¢ T, Velebit B et al.
A review of the current situation of aflatoxin M1 in

3045



VASYL NAGAICHUK et al

14.

15.

16.

17.

18.

19.

20.

cow’s milk in Serbia: risk assessment and regulatory
aspects. Food Addit Contam Part A Chem Anal
Control Expo Risk Assess. 2017;34(9):1617-1631.
doi:10.1080/19440049.2017.1363414

Nejad ASM, Heshmati A, Ghiasvand T. The
Occurrence and Risk Assessment of Exposure to
Aflatoxin M1 in Ultra-High Temperature and
Pasteurized Milk in Hamadan Province of Iran. Osong
Public Health Res Perspect. 2019;10(4):228-233.
doi:10.24171/j.phrp.2019.10.4.05

Picinin LCA, Cerqueira MMOP, Vargas EA, Lana
AMQ et al. Influence of climate conditions on aflatoxin
M1 contamination in raw milk from Minas Gerais
State, Brazil. Food Control. 2013;31(2):419-424.
doi:10.1016/j.foodcont.2012.10.024

Polovinski Horvatovi¢c M, Glamoc¢i¢ D, Jaji¢ I,
Krstovi¢ S et al. Aflatoxin M1 in raw milk in the region
of Vojvodina. Mljekarstvo. 2016;66(3):239-245.
doi:10.15567/mljekarstvo.2016.0309

Polovinski Horvatovi¢ M, Glamo¢i¢ D, Jaji¢ 1,
Krstovi¢ S. Aflatoxin M1 in Serbia and the Region,
Past and Future. Romanian Biotechnological Letters,
23(4): 13736-13743.
https://doi.org/10.26327/RBL2018.165

Popovi¢ R, Radovanov B, Dunn JW. Food scare
crisis: the effect on Serbian dairy market.
International Food and Agribusiness Management
Review. 2017;20(1): 113-127.
doi:10.22434/IFAMR2015.0051

Rodrigues I, Handl J, Binder EM. Mycotoxin
occurrence in commodities, feeds and feed ingredients
sourced in the Middle East and Africa. Food Addit
Contam Part B Surveill. 2011;4(3):168-179.
doi:10.1080/19393210.2011.589034

Serraino A, Bonilauri P, Kerekes K, et al. Occurrence
of Aflatoxin M1 in Raw Milk Marketed in Italy:

21.

22.

23.

24.

25.

26.

27.

Exposure Assessment and Risk Characterization.
Front Microbiol. 2019;10.
do0i:10.3389/fmicb.2019.02516

Schrenk D, Bignami M, Bodin L, et al. Risk
assessment of aflatoxins in food. EFSA Journal.
2020;18(3):e06040.
doi:https://doi.org/10.2903/j.efsa.2020.6040

Sirot V, Fremy J-M, Leblanc J-C. Dietary exposure to
mycotoxins and health risk assessment in the second
French total diet study. Food Chem Toxicol. 2013;52:1-11.
doi:10.1016/j.£ct.2012.10.036

Skrbi¢ B, Zivanéev J, Anti¢ I, Godula M. Levels of
aflatoxin M1 in different types of milk collected in
Serbia: Assessment of human and animal exposure.
Food Control. 2014;40:113-119.
doi:10.1016/j.foodcont.2013.11.039

Spiri¢ DM, Stefanovi¢ SM, Radicevi¢ TM, Dinovi¢
Stojanovi¢ JM et al. Study of aflatoxins incidence in
cow feed and milk in Serbia during 2013. Hemijska
industrija. 2015;69(6):651-656.
doi:10.2298/HEMIND140619087S

Udovicki B, Djekic I, Kalogianni EP, Rajkovic A.
Exposure Assessment and Risk Characterization of
Aflatoxin M1 Intake through Consumption of Milk
and Yoghurt by Student Population in Serbia and
Greece. Toxins (Basel). 2019;11(4).
doi:10.3390/toxins 11040205

WHO GEMS/Food—-EURO. Second Workshop on
Reliable Evaluation of Low-Level Contamination of
Food: report on a workshop in the frame of
GEMS/Food-Euro, WHO, Kulmbach, 1995; 3-5
Zinedine A, Gonzalez-Osnaya L, Soriano JM, Molt6 JC
et al. Presence of aflatoxin M1 in pasteurized milk from
Morocco. Int J Food Microbiol. 2007;114(1):25-29.
doi:10.1016/j.ijfoodmicro.2006.11.001

3046



	RBL NR 6 2021
	4


