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The article presents the results of the study of acute and subacute skin toxicity of an antiseptic ointment based on
ichthyol. The research was conducted using the classic method and according to the methodology of the Organiza-
tion for Economic Cooperation and Development (OECD No. 410). The study of the dermal toxicity of the prod-
uct under study by the classic method showed that long-term use of the drug in animals of the experimental groups
did not cause significant changes in the concentration of hemoglobin, the number of erythrocytes, leukocytes, the
value of hematocrit, the average concentration of hemoglobin in the erythrocyte (MCHC), the average volume of
the erythrocyte (MCV), the average content of hemoglobin in the erythrocyte (MCH) and the number of platelets,
the content of total protein, the level of creatinine and the activity of AST. The study of skin toxicity of the prod-
uct under study according to the OECD method No. 410 showed that the number of erythrocytes increased in the
animals of the I, II, and III research groups, respectively, by — 10.7 (P < 0.01), 6.0 (P < 0.05), and 7.5 % (P <
0.05). At the same time, the concentration of hemoglobin did not change. In addition, in the animals of the I and II
experimental groups, a tendency towards an increase in hematocrit was established. In the animals of the I, II, and
III experimental groups, changes in the erythrocyte index were noted; in particular, a probable decrease in the
average content of hemoglobin in the erythrocyte (MCH) was established, respectively by — 5.2 (P < 0.05), 5.2
(P<0.01) and 7.1 % (P < 0.001) of the average erythrocyte volume (MCV), respectively by — 6.9 (P < 0.01),
5.5% (P<0.01) and 7.2 % (P < 0.001). The use of the drug in a therapeutic dose caused a slight decrease in the
level of total protein, urea, and creatinine against a slight increase in the activity of AST and ALT. At the same
time, the animals of the II and III research groups, which received the drug under investigation at five times and
ten times the therapeutic dose, noted an increase in the level of urea, respectively, by — 3.3 and 8.5 %, and creati-
nine, respectively, by — 1.9 and 8.0 % (P < 0.05), the activity of AST, respectively, by — 2.3 and 3.2 %, and ALT,
respectively, by — 10.4 (P < 0.05) and 13.4 % (P < 0.05) compared to the values of animals of the control group.

Keywords: laboratory rats; acute; subacute dermal toxicity; OECD test Ne 410; hematological indicators; bio-
chemical indicators.
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1. Introduction

composition and ointment base, which are only sometimes
sufficiently effective in treating purulent wounds (Petronic-

Mild medicinal forms, particularly ointments, are widely
used for the local treatment of skin diseases in humans and
animals. Such pharmacological groups of drugs allow the
introduction of hydrophilic and hydrophobic biologically
active substances of different natures and properties into the
composition of the medicinal product, which affects the
active substance's release, increasing the effectiveness and
safety of medicines (Tsulun et al., 2014; Koller & Bauer,
2022; Kang et al., 2022).

However, with the introduction of antibiotics into medi-
cal practice, attention to such agents has significantly de-
creased, and the scope of their application has significantly
decreased (Kravchenko et al., 2016). In addition, the insuffi-
cient effectiveness of many ointments is associated with the

Rosic, 2022).

With this in mind, in medical practice, great attention is
paid to developing and introducing antiseptic drugs that do
not have a toxic effect on macroorganisms or a high bacteri-
cidal effect. This is because the resistance of microorgan-
isms to such drugs develops more slowly than antibiotics,
and allergic reactions occur much less often (Blatun, 2002;
Maksimovskij et al., 2010; Eltwisy et al., 2022; Di Lodovico
et al., 2022; Kukhtyn et al., 2022). At the same time, one of
the essential stages in developing safe, effective, and com-
petitive medicines is the study of their toxicological parame-
ters (Karbovskyi et al., 2016; Gutyj et al., 2017; Todoriuk et
al., 2018; Varcholyak & Gutyi, 2019; Karpenko et al., 2022;
Martyshuk et al., 2022).
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In the European community, preclinical studies are con-
ducted following EU Regulations (Council Regulation (EC)
No 440/2008) and the recommendations of the Organization
for Economic Cooperation and Development (OECD),
which allows for a comprehensive assessment of the inves-
tigated substance according to the degree of its danger and
potential impact on the body of animals and the environment
(OECD, 2017). However, in the practice of veterinary medi-
cine in Ukraine, there is no clearly described methodology
for determining the toxicity of drugs for long-term dermal
application. Such studies are conducted according to a
method that does not allow for a thoroughly assessing of the
toxicity of drugs. In particular, when evaluating different
ways of determining skin toxicity during long-term use of a
wound-healing ointment (made based on betamethasone
dipropionate, gentamicin sulfate, and clotrimazole), other
toxicological effects were established (Kushnir et al., 2022).

The aim of the research was in a comparative aspect to
determine the acute and subacute toxicity of the drug for
dermal application using the national (classical) method and
the method according to OECD No. 410 (OECD, 1981). An
antiseptic ointment based on ichthyol was a marker for the
comparative assessment of the two methods.

2. Materials and methods

Determination of the acute dermal toxicity of the drug
under study was carried out by the classic method on white
Wistar rats 3—4 months old, with body weight 220-240 g. In
a tentative experiment, the drug was applied once to the skin
in the dose range of 50, 500, 2500, and 5000 mg/kg of body
weight, while three animals were used for each dose. In the
extensive experiment, three groups of white rats (control and
two experimental), six animals in each, were formed accord-
ing to the principle of analogs. The animals of the I (control)
group were treated with liquid paraffin (the base of the
drug), the animals of the II research group were treated with
the drug at a dose of 2500 mg/kg, and the animals of the III
group were treated with 5000 mg/kg of body weight. The
drug was applied once to the skin of animals.

According to the OECD test No. 402 (OECD, 2017),
healthy, young animals with a body weight of 220-240 g
were used when determining acute skin toxicity by an alter-
native method. The studied agent was applied to the pre-
pared skin surface and kept in contact with a porous gauze
bandage and a non-irritating tape for 24 hours. Determina-
tion of acute skin toxicity was carried out in two stages. In
the first stage, the studied drug was used in 200, 1000, and
2000 mg/kg of body weight, using one animal for each dose.
In the second stage, the studied drug was administered to
two animals at a dose of 2000 mg/kg of weight to confirm
the classification.

When determining acute skin toxicity by classical and al-
ternative methods, a section (at least 10 % of the total body
surface area) was excised from the dorsal surface of the
body 24 hours before applying the test agent. Healthy ani-
mals with intact skin, without existing cracks, cuts, and
redness, were selected for the experiment.

After applying the drug, laboratory animals were ob-
served for 14 days. At the same time, the following indica-
tors were taken into account: general condition, the behavior
of animals, nature, and degree of activity, coordination of
movements, presence of tremors, convulsions, paresis, pa-
ralysis, change in skin color, condition of fur, visible mu-

cous membranes, relationship to feed, time of occurrence
and nature intoxication, its severity, course and time of
death of animals or their recovery.

When studying the subacute skin toxicity of the drug by
the classical method, four groups of animals, five each, were
formed according to the principle of analogs. Animals of the
control group were given water on a pre-prepared area of the
body, animals of the first experimental group were given the
drug in a therapeutic dose (0.25 ml/kg body weight), ani-
mals of the second experimental group were given five
times the therapeutic amount (0.5 ml’kg of body weight),
animals of the III research group — at ten times the therapeu-
tic dose (2.5 ml/kg of body weight).

When studying the drug's effect on the organism of la-
boratory animals by the method described in the OECD No.
410, 4 groups of 5 animals each were formed according to
the principle of analogs. The product under study was kept
in contact with the skin for six hours using a porous gauze
bandage. Animals of the control group were treated with
water on a pre-prepared area of the body, animals of the first
experimental group were given the drug under study at a
dose of 0.25 ml/kg body weight, animals of the second ex-
perimental group were injected with a dose of 0.5 ml/kg
body weight, animals III experimental group — in a dose of
2.5 ml/kg body weight. After the exposure period ended, the
studied drug's remains were removed using water (OECD,
1981).

In the animals that were used in the comparative evalua-
tion of the two methods, the day before the start of the ex-
periment, hair was removed from the dorsal surface in an
area not less than 10 % of the total surface area of the ani-
mal's body. Repeated hair removal was performed weekly.
The product under study was applied to the prepared dorsal
surface of the skin for 28 days.

After the end of the experiment, the laboratory animals
were decapitated under light ether anesthesia, blood was
collected for hematological and biochemical studies, and the
weight coefficients of the internal organs were determined.
Blood stabilized with EDTA was used for hematological
studies, and blood serum was used for biochemical studies.
In the stabilized blood, the following were determined: he-
moglobin content, number of erythrocytes and leukocytes,
hematocrit, and red blood indices — with the help of a Myth-
ic-18 hematological analyzer. In blood serum, the following
were determined: total protein using an IRF-22 refractome-
ter, enzyme activity (ALT, AST), creatinine content, and
urea using a semi-automatic biochemical analyzer
HumaLyzer 3000 using standard sets of the Human Compa-
ny. The obtained data were processed statistically by deter-
mining average values, the credible interval at the available
significance level of P < 0.05, considering the Student's
criterion.

3. Results and discussion

When determining acute skin toxicity using the classical
method, it was established that using the tested agent in
doses of 50, 500, 2500, and 5000 mg/kg of body weight did
not cause the death of laboratory animals. During the 14-day
observation period, the laboratory animals were active, mo-
bile, willingly ate feed, and the fur was thick, shiny, and
well-fitting to the body. The mucous membrane of the oral
and nasal cavities is shiny and pale pink; the secretion is
preserved. In addition, using the drug in the doses indicated
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above did not cause redness, swelling, and discoloration of
the skin. Therefore, according to SOU 85.2-37-736:2011,
the studied drug belongs to the IV toxicity class (low-toxic
substances).

The determination of acute skin toxicity by the OECD
method was carried out in two stages. In the first stage, it
was established that using the tested agent at 200 mg/kg of
body weight caused slight redness, which disappeared. At
the same time, it was noted that using the tested agent in
doses of 1000 and 2000 mg/kg of body weight on the second
day caused redness, which disappeared on the experiment's
third or fourth day.

At the second stage of research, it was established that
using the researched agent in a dose of 2000 mg/kg of body
weight did not cause the death of animals. At the same time,
a slight reddening of the skin at the place of application of
the drug under study was noted, which subsequently disap-
peared, so according to the GHS, it belongs to category 5
(class 5).

Later, in a comparative aspect, the effect of the re-
searched product on the body of animals during long-term
dermal application was studied.

Therefore, when studying the drug's effect on the body
of laboratory animals using the classical method, it was

Table 1

established that its use did not cause significant changes in
the weight coefficients of the liver, spleen, and heart. At the
same time, a slight decrease in the body weight of animals
and the weight coefficient of the weight of the kidneys in
animals of all experimental groups were established
(Table 1).

When determining the hematological parameters
(Table 2), it was established that the use of the researched
product for 28 days in the animals of the I, II, and III exper-
imental groups did not cause significant changes in the con-
centration of hemoglobin, the number of erythrocytes, leu-
kocytes, the value of the hematocrit, the average concentra-
tion of hemoglobin in the erythrocyte (MCHC), average
erythrocyte volume (MCV), moderate hemoglobin content
in erythrocytes (MCH) and platelet count.

When determining the effect of the researched agent on
the biochemical indicators of blood serum (Table 3), it was
established that the use of the researched drug based on
ichthyol in the animals of the experimental groups did not
cause significant changes in the content of total protein,
creatinine, and AST activity. However, a slight increase in
the level of urea and ALT was noted compared to the indica-
tors of the control group.

Weight coefficients of the mass of internal organs of white rats on 29th day of the experiment (M + m, n = 5)

Group of animals

Internal organs

Control I group II group III group
Liver 26.5+0.79 26.1 +£0.79 25.8+£1.63 25.6+£1.29
Spleen 2.04 +0.08 2.02 +0.05 2.17+£0.20 2.11£0.10
Heart 337+0.12 3.55+0.25 3.46 +0.25 342+0.17
Lungs 6.66 +0.62 7.06 +0.16 6.2+1.05 7.86 +1.57
Kidneys 7.12+0.25 6.67+0.14 6.94 +0.15 6.91 +0.48
Body weight 254.0+4.0 250.0 £ 7.25 246.2 + 6.44 245.0 + 8.94

Table 2

Hematological indicators of the blood of white rats for the study of toxicity by the classic method (M £ m, n =5)

Indicators Control I group II group III group
Hemoglobin, g/L 168.2 +£1.49 172.2 +£4.89 170.2 +4.22 168 +3.18
Erythrocytes, 10'2/L 7.94+0.12 8.43+0.18 8.19+£0.17 8.07+0.16
Leukocytes, 10°/L 9.5+ 0.69 10.5+1.63 10.2£0.76 10.1 £ 1.51
Hematocrit, % 40.6 £ 0.85 41.1+£0.97 40.8 £1.03 40.4 £ 0.62
MCH, p/g 21.2+£0.18 20.5+0.69 20.9+0.79 20.8 £0.45
MCHC, g/L 41.5+£0.95 419+1.14 41.7+1.09 41.5+0.57
MCV, um? 51.1+1.01 48.8+1.58 50.02 +1.99 50.1+1.20
Thrombocytes 825 +33.2 814.4 +26.9 789.2 +£28.3 797.6 +20.9
Table 3
Biochemical indicators of blood serum of white rats for the study of toxicity by the classic method (M = m, n=15)
Indicators Control I group 1I group 111 group
Total protein, g/L 76.6 £ 1.59 76.2+1.82 75.8+1.15 75.6 +1.09
Urea, mmol/L 7.86 +0.88 8.16 = 0.69 8.1+0.41 8.34+0.53
Creatinine, pmol/L 75.5+1.34 749 £ 1.77 76.2 +1.84 77.9+£1.93
AST, unit/L 204.8+19.4 200.8+11.7 206,1 £9.75 208.0£13.5
ALT, unit/L 72.1£5.5 72.9+4.19 73.7+7.62 74.8 £ 5.66

Therefore, the study of the skin toxicity of the product
under study by the classic method showed that in the ani-
mals of the experimental groups, long-term use of the drug
did not cause significant changes in the concentration of
hemoglobin, the number of erythrocytes, leukocytes, the
value of hematocrit, the average concentration of hemoglo-

bin in the erythrocyte (MCHC), the average volume of the
erythrocyte (MCV), the average content of hemoglobin in
the erythrocyte (MCH) and the number of platelets, the
content of total protein, the level of creatinine and the activi-
ty of AST. At the same time, in the animals of the I, II, and
IIT experimental groups, a tendency to a slight increase in
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the level of urea and ALT was noted compared to the indica-
tors of the control group.

In the study of subacute toxicity by the OECD method, it
was established that the 28-day dermal application of the
drug under study did not cause illness or death in laboratory
rats. The animals were active, mobile, and willingly ate
fodder; the fur was thick, shiny, and well fitting to the body.
The mucous membrane of the oral and nasal cavities is
shiny and pale pink; the secretion is preserved.

Table 4

Skin application of the researched agent for 28 days
(Table 4) in animals of the I, II, and III experimental groups
did not cause probable changes in the weight coefficients of
the mass of the spleen, lungs, and heart. At the same time, a
tendency towards an increase in the weight coefficient of the
kidney mass against the background of a decrease in the
weight coefficients of the liver mass and body weight was
noted.

Weight coefficients of the mass of internal organs of white rats on 29th day of the experiment (M + m, n =5)

Groups of animals

Internal organs

Control 1 group II group III group

Liver 26.1£0.92 25.2+0.65 24.9+0.67 24.5+0.85
Spleen 2.08 £0.09 1.88 £0.06 2.48 +£0.39 1.97+0.16
Heart 3.26+0.16 3.62+£0.11 3.40+0.21 3.13+0.09
Lungs 7.44 £0.87 6.62 £0.34 7.64 £0.98 6.46 +£0.68
Kidneys 6.54£0.20 7.1£0.29 6.92+£0.35 6.68 £0.17
Body weight 264.0 £4.85 253.8 £4.68 250.2 & 3.43* 247.6 = 3.50*

Note: ¥ —P <0.05

Table 5

Hematological indicators of the blood of white rats on the 29th day of the experiment (M + m, n = 5)

Indi Group of animals
ndicators Control I group II group III group

Hemoglobin, g/L 163.8£1.93 171.8 £3.67 165.2+2.39 163.2+4.12
Erythrocytes, 10'%/L 7.72£0.12 8.55+0.16%* 8.19 +£0.12* 8.3+0.16*
Leukocytes, 10°/L 8.06 £0.81 9.58+1.3 7.38+0.74 9.52+0.75
Hematocrit, % 41.9+0.58 43.1+0.76 42.02+0.70 41.9+1.09
MCH, p/g 21.2+0.19 20.1 +£0.29* 20.1 £ 0.24%** 19.7 £ 0.19%**
MCHC, g/L 39.1+0.10 39.9+£0.16* 39.3+£0.17 38.9+£0.30
MCV, pm3 543 £0.42 50.5 £ 0.67** 51.3£0.73%* 50.4 £ 0.48%**
Thrombocytes 884.0 £26.8 879.0 £19.95 869.8 +£20.8 780.4 £ 36.0

Note: * —P <0.05, ** - P <0.01, *** —P <0.001

Long-term dermal application of the product under study
(Table 5) in animals of the I, II, and III experimental groups
caused an increase in the number of erythrocytes, respec-
tively, by — 10.7 (P < 0.01), 6.0 (P < 0.05) and 7.5 % (P <
0.05). At the same time, the concentration of hemoglobin
did not change. In addition, in the animals of the I and II
experimental groups, a tendency to increase the value of
hematocrit was established. Under these conditions, changes
in the erythrocyte index were noted in the animals of the I,
I, and III research groups; in particular, a probable decrease
in the average content of hemoglobin in the erythrocyte

Table 6

(MCH) was established, respectively by — 5.2 (P <0.05), 5.2
(P <0.01) and 7.1 % (P < 0.001) of the average erythrocyte
volume (MCV), respectively, by — 6.9 (p<0.01), 5.5 % (P <
0.01) and 7.2 % (P < 0.001). Under these conditions, an
increase in the average concentration of hemoglobin in
erythrocytes (MCH) was noted in the animals of the I and II
research groups. Whereas, in the animals of the III experi-
mental group, a slight decrease in this indicator was noted
compared to the values of the control group.

When determining the biochemical indicators of blood
serum, the data shown in Table 6 were obtained.

Biochemical indicators of blood serum of white rats on the 29th day of the experiment (M + m, n = 5)

Group of animals

Indicator Control I group 1I group 111 group
Total protein, g/L 71.1£1.11 67.9 £3.62 67.1+1.91 65.8 +£1.45*
Urea, mmol/L 8.5+0.53 8.46 £ 0.44 8.78 £0.89 9.22 +£0.55
Creatinine, pumol/L 64.7 +1.09 64.5+2.42 65.9+2.47 69.9 + 1.95%
AST, unit/L 201.2+11.3 204.6 £4.55 205.8 +7.31 207.6 +12.7
ALT, unit/L 69.2 +£2.47 73.8+4.73 76.4 £+ 1.60* 78.5 +£2.88*

Note: * —P <0.05

The use of the drug in a therapeutic dose caused a slight
decrease in the level of total protein, urea, and creatinine,
respectively, by — 4.5, 0.5, and 0.3 %. Under these
conditions, a slight increase in the activity of AST and ALT

was noted, respectively, by — 1.7 and 6.6 %, compared to the
values of the control group.

At the same time, the animals of the II and III research
groups, which received the drug under investigation at five
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times and ten times the therapeutic dose, noted an increase
in the level of urea, respectively, by — 3.3 and 8.5 %, and
creatinine, respectively, by — 1.9 and 8.0 % (P < 0.05), the
activity of AST, respectively, by — 2.3 and 3.2 %, and ALT,
respectively, by — 10.4 (P < 0.05) and 13.4 % (P < 0.05)
compared to the values of the control group.

4. Conclusions

A comparative assessment of the study of the skin toxici-
ty of an antiseptic preparation based on ichthyol by the clas-
sic method and the method according to the OECD No. 410
indicates that the latter is more informative. In particular, the
study of skin toxicity of the researched product by the clas-
sic method showed that long-term use of the drug in exper-
imental animals did not cause significant changes in hema-
tological and biochemical parameters. While the study of
skin toxicity by the method according to OECD No. 410
showed that with long-term use of an antiseptic drug in
animals of experimental groups, the number of erythrocytes
increases against the background of a decrease in the content
of hemoglobin in the erythrocyte (MCH), the average vol-
ume of the erythrocyte (MCV), as well as a decrease in the
level total protein, urea, and creatinine.

In further studies, it is advisable to study the toxicity of
different pharmacological groups of veterinary medicines in
a comparative aspect.
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