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ABSTRACT
Ceramides are structural components of the stratum corneum that regulate cell proliferation and differentiation. The study of the effect of
the cream containing dexpanthenol and ceramide on the proliferation processes and regeneration of burn wounds in rats. Experimental
rats with III-A degree thermal burn were treated separately with the following preparations: cream with ceramides, cream with
dexpanthenol and ceramides and cream "Bepanten". The proliferative-regenerative activity of the drugs was investigated by studying the
content of the Ki-67 producing cells and the content of ribonucleic acid (RNA) in the cytoplasm of the granulation tissue fibroblasts.
Ceramides contributed to wounds healing, increasing the content of Ki-67 antigenpositive cells, accelerating the formation of scar in the
wound. The therapeutic effect of creams with ceramides exceeds the efficacy of the reference preparation “Bepanten” cream.
The addition of ceramides to dexpanthenol increases the quality and reduces the wound healing time.
Keywords: burn wound; Ki-67; RNA; dexpanthenol, ceramides.

1. INTRODUCTION
Stimulation of burn wounds healing remains an important
issue for medicine. According to the WHO: burns, traumas and
other injuries occupy the third place in the population mortality.
Burn wounds accounted for 14% of the overall structure of
mortality and about 840 million people suffer from them every
year in the world [1, 2]. In Ukraine, more than 100 000 cases of
burn injury are registered annually, and 60-80% of those who have
been burned have II-IIIA degree burns of skin that do not require
surgical intervention [3-6]. Thus, the prevalence of burn wounds
and complications of their healing, insufficiently effective therapy,
economic losses caused by temporary loss of working capacity of
the patients require an in-depth study of such pathologies,
improvement of existing methods and development of new
methods of treatment.
The processes that arise in response to thermal damage
combine the stress response of the blood system with the
activation of the sympathoadrenal system, the development of a
non-specific inflammatory and immune reaction with the
transition to structural and metabolic disorders of organs, tissues
and systems, damage to cell membranes and the strengthening of
catabolic processes.
Fibroblasts play a decisive role in the construction of
granulation tissue in the regeneration phase because they
synthesize the components of intercellular substance of the
connective tissue and protein precursors of collagen [7-9].
Synthesis of collagen begins with the formation of the

corresponding ribonucleic acid (RNA), translation and formation
of collagen fibers, which affect the strength and quality of the
formed scar [10]. An insufficient amount of nucleic acids in the
wound secretion cells is one of the important causes of
regeneration failure, it may cause a delay in the development of
granulation tissue, epithelialization and inadequacy of healing, as
well as reduction of immunogenic properties of cells. Also skin
dehydration can induce profound changes in the structure and in
the biochemical processes occurring in the epidermis [11-14].
Thus, low humidity causes an increase in the amount of DNA
synthesized and hyperproliferation of cells in the epidermis, up to
the development of cellular hypertrophy [15]. Dehydration of
granulation tissues leads initially to the over matured granulated
tissues and its delayed formation, then to scarring and termination
of epithelialization [16].
The modern scientific study of skin barrier properties
indicates that ceramides play an important biological role. They
are structural components of the stratum corneum, cell membranes
and function as bioelectric molecules involved in cell proliferation
and differentiation [17-20]. That’s why the development of new
ceramide-containing preparations is very crucial for improving
efficiency and safety in the treatment of skin disorders.
The aim of the work was to study the effect of the cream
containing dexpanthenol and ceramide on the proliferation and
regeneration processes of burn wounds in rats.

2. MATERIALS AND METHODS
Experiments were performed on 84 white, outbred male
rats weighing 200-240 g. Experimental animals were divided into

5 groups: 1 group - intact control (n = 6); 2 group - animals that
were withdrawn from the test in the day after burn modeling (peak
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of pathology) (n = 6); 3 group - control pathology (animals were The study of proliferative-regenerative activity of investigated
not treated) (n = 18); 4-6 groups - animals treated with cream with creams containing dexpanthenol and ceramides in the treatment of
ceramides, cream with dexpanthenol and ceramides and cream burns was carried out by immune-histochemical analysis. The
“Bepanten” (n = 18) respectively. A thin layer of creams was content of the Ki-67 production cells and the RNA content in the
applied 1 time daily on the surface of the burn in the conditional cytoplasm of the granulation tissue fibroblasts were measured by
therapeutic dose of 15 mg/cm2 until the complete healing of the the activity of proliferation and regeneration processes in the
wounds. The technology of these medications and their wound [22, 23]. Immune-histochemical analysis using Ki-67
composition were developed under the guidance of prof. N.A. antibodies of rabbits was conducted for the study of the
Lyapunov (Derzhavniy Naukoviy Institute “Science and proliferative activity of investigated drugs in the treatment of
Technology Complex” Institute of Monocrystals of the National thermal burns. FITC-conjugated guinea pig anti-rabbit IgG
Academy of Sciences of Ukraine "(Kharkiv). Clinical observations secondary antibodies were used for the identification of antigenof burn wounds healing processes in animals were carried out each antibody complex. The luminosity of the skin epithelial cells and
alternate day. During this period the following parameters were its derivatives, i.e., the proliferative activity of these cells was
evaluated: the conditions and areas of the wounds, as well as the evaluated using computer images obtained on the Axiossop-40
terms of their complete healing. Animals were treated in microscope (Zeiss, Germany), by determining the relative units of
accordance with generally accepted bioethical standards in the luminescence brightness [22]. The skin samples were stained
compliance with the relevant international regulations for with gallocyanin according to Emerson methodology for the RNA
experimental studies using laboratory animals.
content evaluation in the cytoplasm of granulated tissue
The burn injuries were simulated on the depilated area of fibroblasts. The number of RNA in the cytoplasm was calculated
the back skin, not far from the spine of anesthetized animals. A cytophotometrically. The optical density of the cytoplasm was
burn device comprises of a set temperature scale and an electric determined using a computer image of the micropreparations
soldering device with a circular metal plate (d= 2.5 cm) attached at obtained by the Axiostar-plus microscope and expressed in the
the end. The exposure time of the contact plate warmed up to 200 relative units of optical density. The research results are processed
°C was 10 s [21]. This method allowed to receive standard burn using the “Statistica 6.0” program. The reliability of the intergroup
size and depth that corresponds to the III-A degree of clinical difference was established using parametric and non-parametric
classification of burns.
methods at a significance level of p <0.05.

3. RESULTS
Simulation of a burn injury in rats results in the formation
of dark brown color dense scab with a clearly limited necrosis area
(574.8-731.5 mm2) and marked inflammatory changes in
surrounding tissues (Table 1) on the skin. No animals’ death was
reported during the entire experiment.
The analysis of the obtained data showed that wound
healing within 5 days in the control group was slow which is
confirmed by a decrease of the wound area to 455.0 mm2. Starting
from the 7th day, wound healing was more intensive. Full wound
reparation was recorded in 16.7% of the animals from the 19th day
in the control group and 100% wound epithelization was observed
on the 25th day of treatment.
The abovementioned results showed that the creams
possess marked wound healing properties. Thus, a significant
reduction of the burn area in animals that were treated by creams
with ceramides and creams with dexpanthenol and ceramides was
observed from the 3rd day of treatment relative to the initial data
and from the 7th day in relation to the control group. Application
of “Bepanten” cream showed notable results from 5th day of
treatment with respect to the initial data as well as to the control
group (Table 1). Complete epithelization of burns was observed in
16.7% of animals from the 15th day of the treatment by
dexpanthenol and ceramides cream and from the 17th day of the
treatment by creams containing ceramide and Bepanten - 16.7%
and 33.3% respectively. In all animals, complete burns healing
under the influence of cream containing dexpanthenol and
ceramides were observed on the 19th day of treatment that is 6
days earlier compared with the control group. In its turn cream
with ceramides and “Bepanten” cream demonstrated healing on

the 21st day of treatment, which is 4 days earlier compared with
the control group.
Immunohistochemical studies have shown an activation of
the proliferative activity of epithelial cells in the basal layer of the
epidermis. It was evaluated by the presence of Ki-67-expression
(Fig.1a) after burn simulation on the 9th day of the experiment in
the control group at the periphery of the wound defect. In addition,
activation of epithelial cell proliferation was detected in preserved
hair follicles. Besides that, numerous large oval-shaped, brightlylit cells, i.e., fibroblasts, have been detected in the depths of the
wound, where the granulation tissue is formed. Ki-67 expression
endothelial cells are also present along the contour of capillaries of
granulation tissue.
The treatment by cream with ceramides on the 9th day
causes the dominance of the surface epithelium as well as
epithelium of the hair follicles along the periphery of the wound in
the proliferative process (Fig. 1b). It was observed that the
quantity of Ki-67-expressing cells in the basal layer of the
epidermis was greater than in the control group. The overall
thickness of the epidermis was significantly increased.
Studying of micro preparations in animals treated with
dexpanthenol and ceramides, showed that Ki-67-expressing cells
are mostly found in the epithelial layer, crawling into the wound,
in the skin derivatives around a wound that has smaller
dimensions (Fig. 1c). The proliferative activity of fibroblasts was
slightly reduced, which could be explained by stimulation of
maturation of granulated tissue. The mechanism of rapid
maturation of granulation tissue could be associated with a
decreased severity of the secondary alteration in the wound after
delivery of exogenous pro-vitamin B3, which makes any cells
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more resistant to the process of degeneration and, accordingly,

apoptosis.

Table 1. Dynamics of wound area (mm2) in the treatment by investigated creams on model of burn wounds in rats, n = 6.
Days of treatment
Experimental groups
Control group
Cream with ceramides
Cream with dexpanthenol and ceramides
Cream “Bepanten”
575.8 ± 48.41
603.3 ± 34.91
731.5 ± 47.37
574.8 ± 36.49
Output data
455.0 ± 33.11
415.0 ± 26.12*
426.2 ± 28.05 *
358.7 ± 26.12*/**
5th
379.0 ± 19.75*
303.0 ± 25.94*/**
296.5 ± 24.11*/**
274.0 ± 19.56*/**
7th
*
*
th
267.5 ± 37.62
221.8 ± 21.79
198.3 ± 24.14 *
200.8 ± 18.69 *
9
170.8 ± 44.02*
47.8 ± 7.64*/**
42.0 ± 11.49 */**
68.7 ± 10.08 * /**
13th
126.3 ± 38.82*
23.0 ± 4.47*/**
13.2 ± 3.94 */**
27.8 ± 5.15*/**
15th
*
*/**
*/**
th
61.3 ± 19.50
7.7 ± 3.44
3.0 ± 1.44
8.7 ± 2.35 */**
17
*
*
th
20.3 ± 6.76
1.7 ± 0.67
–
2.0 ± 0.89*
19
Note: * - the deviation is valid with respect to the initial values, p<0.05; ** - the deviation is valid with respect to the control group, p<0.05; n - the
number of animals in the group.
Table 2. Dynamics of the intensity of the glow of Ki-67-expressing cells (relative units) in the treatment of thermal burns by the investigational drugs.
Experiment groups
Days of treatment
9th day
18th day
1.05 ± 0.010
0.365 ± 0.010
Control group
1.12 ± 0.005 *
0.618 ± 0.007*/**
Cream with ceramides
*
1.26 ± 0.010
0.672 ± 0.002*/**
Cream with dexpanthenol and ceramides
*
1.23 ± 0.010
0.494 ± 0.010*
Cream "Bepanten"
Note: * - the deviation is valid with respect to the control group, p<0.05;
** - the deviation is valid with respect to the reference preparation “Bepanten” cream, p<0.05.
Table 3. Dynamics of the content of RNA in the cytoplasm of fibroblasts (relative units) on the model of burn wound in rats.
Experiment groups
Days of treatment
9th day
18th day
1.05 ± 0.010
0.365 ± 0.010
Control group
1.12 ± 0.005 *
0.618 ± 0.007 */**
Cream with ceramides
*
1.26 ± 0.010
0.672 ± 0.002 */**
Cream with dexpanthenol and ceramides
1.23 ± 0.010 *
0.494 ± 0.010 *
Cream "Bepanten"
Note: * - the deviation is valid with respect to the control group, p<0.05; ** - the deviation is true with respect to cream with ceramides,
p <0.05.

During the treatment of the burn wound with “Bepanten”
cream, an increased number of Ki-67-expressing endothelial cells
and epithelial cells was observed, indicating an enhancement of
the proliferative activity of these cells (Fig. 1 d). The reduced total
number of labeled fibroblasts can be interpreted as the result of
accelerated formation and start of maturation of granulated tissue
in this study period. Therefore, the “Bepanten” cream stimulates
the burn healing by the formation of a scar and epithelization.
The appearance of sites in the thickness of the wound
bottom, completely devoid of Ki-67 antigen positive cells was
recorded on 18th day in animals of the control group (Fig. 1e). A
specific glow was observed in fibroblasts and capillary endothelial
cells of immature granulated tissue. In the group of animals treated
with ceramide cream, the proliferation of epithelial cells in the
epidermis and hair follicles was stimulated in a greater degree
compared to the control group (Fig. 1f). This granulated tissue is
better compare with the control group according to the level of Ki67 antigen-positive cell.
Under the treatment by dexapanthenol and ceramide
containing cream for burn wound healing, a young and mature
granulation tissue is well differentiated. It could be explained by
the termination of new capillaries formation since in a tissue at the
bottom of the wound. The epidermis almost completely
regenerated along the wound surface. The content of Ki-67
antigen-positive cells in the basal layer of the epidermis decreased,
while the proliferation of epithelial cells in the hair follicles was
active (Fig. 1g).

Figure 1. Ki-67-expressing cells of granulated tissue at burn wounds of
the skin on the 9th and 18th day of the experiment in the control group (a
and e), in the group of animals treated with cream with ceramides (b and
f), cream with dexpanthenol and ceramides (c and h), “Bepanten” cream
(d and j). Immune-histochemical reaction with Ki-67 antibodies.
Fluorescent microscopy x 100.

A general increase in the number of Ki-67 antigen-positive
cells in both peripheral layers of the epithelium (in the basal layer)
and in the active granulation tissue, was observed in the group of
animals treated by “Bepanten” cream. Secondary alteration during
the development of inflammation could be caused by the decrease
of dead tissue volume (Fig. 1h).
A histometric determination of the luminescent glow
brightness of Ki-67-expressing epithelial cells was performed for
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the determination of the proliferative activity in the skin epithelial times, respectively in comparison with the action of the reference
cells (Table 2). It was found that the intensity of the luminosity preparation “Bepanten” cream.
was higher 1.1-1.2 times compared with the control group on the
The analysis of the results showed that the greatest
9th day of the experiment in all treatment groups.
acceleration of the scar formation in the thermal wound occurred
Ki-67-expressing cells were represented not only by after application of cream containing dexpanthenol and ceramides
different amounts but also by different brightness of the and “Bepanten” cream (Table 3). This is due to the fact that
luminescent glow on the 18th day of burn wounds treatment fibroblasts contain a maximum amount of RNA in the cytoplasm –
(Table 2). It reflects the average expression of Ki-67 proliferation 0.304 ± 0.008 and 0.336 ± 0.007 relative units.
antigen level in the cell. Compared with the control group, it was
On the other hand, conducted immune-histochemical
significantly increased by 1.4 times in the group of animals treated studies on Ki-67-expressing cells showed that proliferative activity
with “Bepanten” cream, even more (1.7 times) in the group of of young cells of the epidermis and its derivatives sharply
animals treated with cream with ceramides and maximally increases in the wound, which provides more complete
increased (in 1.8 times) in a group of animals treated with cream regeneration than was seen in the control group. On the 18th day of
with dexpanthenol and ceramides. It should be noted that the treatment by dexpanthenol and ceramides cream, active fibroblasts
proliferative effect of the cream with ceramides and cream with in the granulation tissue were present only in the upper layers, as
dexpanthenol and ceramides was significantly higher 1.3 and 1.4 the lower granulation tissue has already matured and turned into
scar tissue.

4. CONCLUSIONS
Thus, studies have shown that ceramides contribute to the
healing of wounds, increase the content of Ki-67 antigen positive
cells, especially among epithelial cells (epidermis, derivatives).
Addition of ceramides to dexpanthenol is rational, since they have
a distinct wound healing effect, which allows simultaneously to

affect the various parts of the wound process, improving quality
and reducing the wound healing time. The therapeutic effect of the
cream with ceramides is not inferior to the action of “Bepanten”
cream.
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