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ABSTRACT

Introduction and aim. Chemical burns of the skin are common type of injuries both in private life and in industries. Local treat-
ment of chemical burns using wound healing creams and ointments is predominant. Hydrophobic wound healing medicinal
products dominate the Ukrainian pharmaceutical market but their hydrophobic base disturbs the healing process of skin. The
aim of this work was biochemical and planimetric investigation of treatment efficacy of chemical burns with hydrophilic creams
containing ceramides and dexpanthenol.

Material and methods. The experiments were performed on 30 rats weighing 190-220 g. In a rat skin burn model, animals
were exposed to 9% acetic acid solution. Treatment was initiated after wound appearance and included application of creams
containing ceramides and dexpanthenol. The effectiveness of treatment was estimated using planimetric parameters, such as:
surface area of necrotic tissue (S, mm?) and cumulative reparative effect. Levels of the biochemical markers such as total pro-
tein, creatinine, C-reactive protein (CRP) and content of SH-groups were measured in the rats’ blood serum.

Results. It was established that cream developed with ceramides and cream with dexpanthenol exhibits reparative properties
at the level of 29 % and 4.5 %, respectively. Biochemical investigations demonstrated the treatment efficacy of creams contain-
ing ceramides and dexpanthenol. In terms of CRP level and content of SH-groups, the therapeutic action of cream with dexpan-
thenol was highly significant by a factor of 1.45 and 1.35, respectively in contrast to the cream with ceramides.

Conclusion. Using the chemical burn model and results of planimetric and biochemical research it was found that cream with
ceramides and cream with dexpanthenol exhibit wound-healing properties. In-depth study on the wound-healing mechanism
of investigated creams with the aim of creating effective hydrophilic creams for use in burn treatment is prospective.
Keywords. ceramides, chemical burns, dexpanthenol

Introduction It should be noted that chemical burns commonly
Currently, chemical burns are a very common trauma.'” occur as a result of chemical ingestion that causes tis-
Many substances that are freely available in the commu- sue-necrosis (for example, concentrated acids - acetic,
nity, either occupational or domestic items, have the po- sulfuric, hydrochloric and others). Depending on the
tential to cause chemical burns. Every year up to 10000 concentration and exposure time to substance, deep
cases of chemical burns are registered in Ukraine and lesions on skin can form as coagulation necrosis that
50-70% patients have no need for operative intervention.** caused by the coagulation of proteins due to quick elim-
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ination of water from the epidermis.'? Significant in-
toxication is characteristic for deep burns due to the
formation of toxic protein cleavage products and its ab-
sorption.”* On the other hand, diluted acids result in
edema and blisters on the skin because of migration of
cellular water under epidermis. Such kinds of burns are
interfacial and have a large area.

Local treatment of burn lesions using wound-heal-
ing agents is a beneficial. For now, dexpanthenol is a
drug of choice because it is absorbed quickly by skin,
converting to pantothenic acid that is a component of
coenzyme acetyl-CoA that plays a significant role in cel-
lular metabolism (synthesis of ATP, acetylglucosamines,
mucopolysaccharides, elimination of waste products of
deamination of amino acids, optimization of fatty acid
and phospholipids metabolism).® It is known that pan-
tothenic acid exhibits reparative properties that facil-
itate division of cells, make collagen fibers stronger,
rejuvenates skin and also has anti-inflammatory ac-
tion.” Nowadays, there are a lot of hydrophobic creams
and ointments with dexpanthenol. This hydrophobic
base promotes formation of a lipid layer on the skin and
inhibits qualitative wound healing.* This is why devel-
opment of hydrophilic topical medications is currently
important.

Humidification of skin is considered to be one of the
most prospective approaches to the optimization of re-
generative processes of skin because it prevents excessive
dryness of skin, deepening of necrosis and development
of cicatricial malformations. One of the methods of skin
correction is an application of ceramide-based cosmetic
products because ceramides facilitate restoration of the
epidermis and a decrease in skin dehydration.®'°

Aim

The aim of this research was a comparison of treatment
efficacy of hydrophilic creams containing ceramide or
dexpanthenol on the model of chemical burn.

Material and methods

Experiments were performed in 30 rats, weighing 190-
220 g, which were divided in 5 groups of animals (n=6):
1 group - control group (healthy animals); 2 — peak of
pathology (formation of chemical burn); 3 - control pa-
thology (CP) - chemical burn was produced in animals
and they were not treated in the experiment; 4 - ani-
mals with chemical burn treated with cream contain-
ing ceramides; 5 — animals with chemical burn treated
with cream containing dexpanthenol. The technique for
manufacturing creams with ceramides (composition:
0.5% of ceramides, hydrophilic base up to 100 g) and
dexpanthenol (composition: 5 % of dexpanthenol, hy-
drophilic base up to 100 g) was developed in the State
Scientific and Research Center of Medicinal products
under supervision of Prof. M.O. Lyapunov.

Chemical burns of skin were induced by 0.5 ml sub-
cutaneous injection of 9% acetic acid solution. On the
third day of acetic acid injection coagulation necrosis
appeared, leading to ulceration and skin inflammation.*
When the wound occurred, cream-based treatment was
started. The investigated creams were applied on the
wound once a day to complete healing.

A wound area was measured as follows: transparent
linear graph paper was applied on the wound outlines
and area of wounds (cm?) was measured at different
time of observation (initial wound area, 5, 7, 9, 11, 13,
15, 17 day of treatment).

The effectiveness of treatment was estimated using
planimetric parameters, such as: surface area of necrotic
tissue (S, mm?) and cumulative reparative effect.

Surface area of necrotic tissue (S, mm?) was calcu-
lated according the following formula:

§S=S - S(t)’where

initial
S, ... — initial wound area, mm?;
S, — wound area at the day of measurement, mm?.
Cumulative reparative effect was calculated using the
statistical package «MedCalk, v. 9.3.7.0» and used as a
value of integrated index of area under curve «surface
area of healing - time».

Level of total protein (TP) and creatinine was de-
termined in blood plasma by photometry using the
kits made by “Filisist-Diagnosis”, Ukraine. Level of
C-reactive protein (CRP) was quantified by ELISA
test («UkrMedService», Ukraine) using analyzer «Lib-
line-90» (Austria); content of SH-groups was deter-
mined using the specific thiol reagent - 5,5"-Dithiobis
(2-nitrobenzoic acid) (also called DTNB or Ellman's re-
agent).*

All laboratory animal experiments were performed
according to the rules of humane treatment of labora-
tory animals and as per the principles of the “Europe-
an Convention for the Protection of Vertebrate Animals
Used for Experimental and other Scientific Purposes”
and the Decree of the First National Congress on Bio-
ethics."

Laboratory animals got a nutritionally balanced
diet (combined feed of PF “Vita” Kharkiv, Ukraine).
During the experiments laboratory animals were kept
in the plastic cages in an experimental animal room at
temperatures between 18-24°C, relative humidity not
more than 55% and a normal day/night cycle.

All interventions and euthanasia of animals was
performed in accordance with animal bioethical stan-
dards." Results of analysis were processed using the
program “Statistica 8” with p<0.5 (StatSoft, Tulsa, USA).
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Results

Penetration of acetic acid in the skin resulted in the
formation of coagulation necrosis (ulceration) with an
eschar area 259-290 mm?. Analysis of planimetric pa-
rameters showed that in the group of untreated rats
(CP) healing of wounds during five days was slow as
evidenced by the small healing area of wounds (13.50
mm?) (table 1). On the ninth day, the healing process
in animals was more intensive as evidenced by the in-
crease of healing area up to 94.83 mm”. In the course
of the treatment of animals with burns intensive heal-
ing takes place already on day 5 - healing area in the
group of animals treated by the cream with ceramides
was 33.17 mm?, but in the group of animals treated
by the cream with dexpanthenol the healing area was
35.33 mm?, which is significantly higher by a factor
of 2.45 and 2.62 in comparison with CP, respectively.
On day 13 of treatment by a cream with dexpanthenol
healing area (260 mm?) was significantly higher than
at the case of treatment by the cream with ceramides
(233.33 mm?).

Total reparative effect, calculated as area under curve
«area of healing - time», for group of animals which
were treated by the cream with ceramides was 2092.83
(difference is 29%), by the cream with dexpanthenol -
2295.82 (difference is 41.5 %) in comparison with group
of control pathology - 1623.02 (Fig. 1).

Skin damage due to the burn can be caused by the
direct loss of protein because of hemorrhaging and ne-
crosis. This state is accompanied by an increased pro-
tein and carbohydrate supply resulting in a metabolism
change. Major disturbances of protein metabolism re-
sults in arrested development of granulation tissue, and
epithelialization. Also, it disturbs the healing process.
That’s why it makes sense to determine level of total pro-
tein (TP) and C-reactive protein (CRP) in the blood to
estimate the treatment efficacy.

A statistically significant decrease of the total pro-
tein level (1.4x) took place after the simulation of burns
caused by acetic acid in comparison with control group
(Table 2). Increase of total protein level (1.1x) had been

noticed after the application of cream with ceramides,
but the level of TP did not get the intact values. The level
of TP increased significantly (1.24x) in the group treat-
ed by the cream with dexpanthenol and it was close to
the intact values as evidenced by the suppression of irri-
tation in necrotic areas of skin.

Table 1. Dynamic pattern of healing area (mm?) under
the influence of investigated medicinal products on the
chemical burn model (n=6) ®

Days of treatment Study groups
Control pathology Cream with Cream with
ceramides dexpanthenol
Initial wound area 263.83+14.94 258.50+£9.41 287.17+8.43
Healing area
5 13.50+6.34 33.17+2.02* 35.33+2.65*
7 36.00+6.47 96.67+6.4* 100.67+7.27*
9 94.83+£5.97 123.33+4.95* 129.33+5.73 %
n 135.17£10.98 174.67£6.52* 192.83+8.56 *
13 197.83+10.98 233.33+8.99 260.00+6.56 */**
15 217.17+14.91 251.33+9.25 280.00£7.33 */**
17 233.83+13.03 258.50+£9.41 287.17+£8.43*

a* _ deviation is statistically significant in relation to
the group of control pathology, p<0.05; ** — deviation
is statistically significant in relation to the cream with
ceramides, p<0.05 (Mann-Whitney test); n - number of
animals in the group

Statistically significant increase of the CRP level
was 23.4x in comparison with the intact group which
provides evidence of the development of necrotic in-
flammatory process at the peak of pathology. After com-
pletion of the experiment, the level of CRP in all groups
decreased significantly but in different manner - 4.2x in
the group of control pathology; after the treatment by
the cream with ceramides - 10.6x; after the treatment by
the cream with dexpanthenol - 15.4x. Such changes are
evidence of a reduction of adverse reactions.

A significant increase of creatinine level (2x) in rats’
blood serum shows the intensity of destructive changes
in the development of chemical burn (peak of pathol-
ogy). This parameter in the group of CP changed little
as evidenced by the stability of necrotic processes. After
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Fig. 1. Total reparative effect for the cream with dexpanthenol and cream with ceramides on the model of chemical burn
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the treatment of animals, a lowering of the creatinine lev-
el occurred as evidenced by the completion of necrotic
phase of wound process. Creatinine level decreased sig-
nificantly in the group of animals treated by the cream
with dexpanthenol - 1.3x compared to the group of
maximum pathology and this was significantly less than
in the group of intact animals. Normalization of creati-
nine level was observed after the treatment by the cera-
mide-based cream but the values were unreliable.

Table 2. Biochemical parameters after the treatment
by investigated medicinal products using the model of
chemical burn (n=6) 2

Total protein CRP
(C,g/L) (C, mg/L)

Creatinine SH-

Test group (G, pmol/L) (G, mmol/L)

Group 1
Intact group (healthy
animals — basic data)
Group 2
Maximum pathology
(necrosis occurs — third

73.70£35  0.48x+0.04  55.11+£3.86  12.74+0.74

5T11£176* 11.24+031% 111.34£9.01* 22.46+1.22%

day after subcutaneous
injection of 9% acetic
acid solution)
Group 3 266+ 18.28+1.12
Control pathology ~ 58.24+3.83 * 0 08*/_** 109.66+7.83* 7, /;* ’
(17" day of observation) ’
Group 4
+ +
Cream with ceramides  58.98+3.76 * 0 031 *32;/*** 96.16+6.33* 15’{3;? 8
(17" day of observation) ’
Group 5
Cream with 63.52+ 0.73+ 87.73x 11.67+
dexpanthenol TAG*/*¥* Q.04 %/**[*** 326 %[*** (.82 **[***

(17" day of observation)

a* _significant difference in relation to intact animals,
p<0.05; ** — in relation to maximum pathology, p < 0.05;
*** _ in relation to control pathology, p<0.05 (Mann-
Whitney test); n — number of animals in the group.

Changes of the state of antioxidant system (AOS) evi-
dence the intensity of the inflammatory necrotic process-
es in the course of the experiment. After the formation of
burn (peak of pathology) statistically significant increase
of the content of SH-group (1.76x) was observed in com-
parison with intact animals (Table 2). These changes pro-
vide evidence of the activation of lipid peroxidation and
elevation of antioxidant defense during the development
of inflammatory necrotic process.

After the completion of the experiment state of AOS
was normalized as evidenced by the lowering of the
content of SH-group in all test groups (Table 2). Thus,
this parameter decreased 1.2x in the group of control
pathology; 1.4x in the group treated by the cream with
ceramides; 1.9x in the group treated by the cream with
dexpanthenol.

Summing up what has been said according the re-
sults of the planimetric and biochemical investigations,
it was found that developed hydrophilic medicinal prod-
ucts (cream with ceramides and cream with dexpanthe-

nol) have evident reparative properties as evidenced by
promoted healing compared to control group. The ther-
apeutic action of cream with ceramides matches the
action of cream with dexpanthenol for first 11 days of
treatment course. On day 13 and 15 the reparative ac-
tion of cream with dexpanthenol was significantly better
than the action of cream with ceramides. Biochemical
research demonstrated an efficacy of treatment with in-
vestigated creams. In accordance with the results of CRP
level determination and SH-group content, the efficacy
of cream with dexpanthenol vs. cream with ceramides
was significantly better.

Discussion

The variation in the severity of certain pharmacological
effects of hydrophilic creams containing dexpanthenol
or ceramides can be explained by the difference in their
pharmacological action.

When tissues are damaged, the necessity for struc-
tural (proteins, carbohydrates, lipids, water), energy
(vitamins, particularly pantothenic acid) and other bio-
materials increases sharply. This is due to the fact that
these materials take part in different biochemical pro-
cesses, accelerating them and, thereby, restoring dam-
aged tissues.* It is known that when applied topically,
dexpanthenol is readily absorbed and rapidly convert-
ed enzymatically to pantothenic acid, a constituent of
coenzyme A, which plays an important role in cellular
metabolism (synthesis of ATP, acetylglucosamines and
mucopolysaccharides, disposing of products of amino
acid deamination, optimization of fatty acids and phos-
pholipid metabolism).

Apart from reparative properties, pantothenic acid
exhibits anti-inflammatory (it takes part in the synthesis
of anti-inflammatory hormones) and immunomodulato-
ry (it stimulates antibody production) effects.” The main
components of ceramides are glycoceramides, choles-
terol, and phospholipids. Glycoceramides decrease met-
abolic cost and loss of structural material for synthesis,
renewing the content of endogenous glycoceramides, as
well as work within lipid lamellar systems of the intercel-
lular space facilitating restoration of epidermis and re-
ducing dehydration. Phospholipids and cholesterol play
an important role in the regeneration of the lipid bilayer.
Pantothenic acid and cholesterol are necessary for synthe-
sis of steroid hormones. It should be noted that hydration
of skin is considered to be one of the most promising ap-
proaches for optimization of regeneration processes as it
prevents extremely dry skin and enhancement of necro-
sis, preventing the development of cicatricial deformities.’

Conclusion

In planimetric studies on the model of chemical burn
it was shown that application of cream with dexpanthe-
nol and cream with ceramides facilitate healing necrotic ul-



270

European Journal of Clinical and Experimental Medicine 2023; 21 (2): 266270

cers on the skin. Cumulative reparative effect of cream
with ceramides was 29%, but the reparative effect of
cream with dexpanthenol was 41.5%. We consider the
advantages of cream containing dexpanthenol is asso-
ciated with its penetration in all skin layers and its abil-
ity to accelerate cell fission. This active substance effects
the strength of collagen and restores the skin structure
while ceramide-cream acts in the surface layers of epi-
dermis and promotes cell repair.

Biochemical research proved an efficacy of treatment
with investigated creams. In terms of CRP level and con-
tent of SH-groups therapeutic action of cream with dex-
panthenol was highly significant by a factor of 1.45 and
1.35, respectively, compared to the cream with ceramides.

Application of drugs containing dexpanthe-
nol and ceramide, that are wound-healing agents with
different reparative action, is a promising and reason-
able approach for the treatment of burn wounds.
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