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Cerium is the most common rare earth metal and an element
of industrial importance. Cerium dioxide (CeO2) is the best-known
cerium compound, due to its unsurpassed redox properties and
ability to guarantee excellent oxygen mobility. Upon conversion
to a nanocrystalline state, the compound significantly alters its
physicochemical properties, which determine the material’s unique
biological activity.

Recent literature reports the use of metal nanoparticles, especially
cerium, as new natural feed additives in animal husbandry to increase
productivity. However, there are still insufficient reports on the
toxicodynamics and toxicokinetics of nanoparticles in humans and
animals, as well as their environmental impact. Nanoparticles may
have toxic effects because they can penetrate cells, bypass barriers such
as the respiratory, dermal, gastrointestinal, blood-brain, and placental
barriers, and selectively accumulate in cells and subcellular structures.

The aim of the research was to determine the acute and chronic
toxicity of nanodispersed cerium dioxide obtained by the employees
of the Nanomedtech laboratory (Kyiv, Ukraine) and the Department of
Interferon and Immunomodulators of the D.K. Zabolotny Institute of
Microbiology and Virology.

The results of the study of biochemical blood parameters showed
that the research compound, after 10 days of daily administration,
affected the functional state of the liver, as evidenced by impaired
hepatocytes and a significant increase in transaminase activity and
the mass coefficient of this organ. Hypertriacylglycerolemia, which is
observed in organ lesions, also indicates impaired liver function.

As aresult of studying the toxic effects of NDC, administered daily
to white rats for 10 days, it was found that the compound suppressed
erythro- and leukocytopoietic functions of the hematopoietic organs,
regardless of dose. It caused depletion, especially in the bone
marrow, and reduced body reactivity, affecting the liver and spleen.
Inflammatory processes, both acute and chronic, occurred under the
compound’s influence. These compounds also affected some aspects
of lipid metabolism and the liver’s functional state, possibly increasing
the liver’s mass coefficient and the activities of ALT and AST.

Keywords: nanocompounds, cerium dioxide, toxicity, rats, blood,
internal organs, biochemical parameters.
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Problem statement and analysis of re-
cent research. Nanodispersed cerium dioxide is
currently included in the top ten priority nano-
materials by experts from the Interagency Pro-
gramme on the Sound Management of Chemi-
cals (IOMC) and the Organization for Economic
Co-operation and Development (OECD) [13].
Cerium is the most common rare earth metal
and an element of industrial importance. Cerium
dioxide (CeO2) is the best-known cerium com-
pound, due to its unsurpassed redox properties
and ability to guarantee excellent oxygen mobil-
ity [24]. It is a powerful oxidant used in catalysis
and medicine.

The interest in studying cerium dioxide
stems from the fact that, upon transitioning to the
nanocrystalline state, its physicochemical prop-
erties change significantly [1; 23]. In particular,
as particle size decreases, the unit cell parameter
of CeO2 increases. At the same time, a change
in the oxygen non-stoichiometry of cerium diox-
1de 1s observed, due to an increase in the fraction
of atoms at the particle surface, which alters its
electronic and electrophysical properties [28].

The pronounced influence of size on the
physicochemical properties of nanodispersed
cerium dioxide determines its unique biolog-
ical activity [21]. Low toxicity and high oxy-
gen non-stoichiometry define the prospects and
features of its application [2; 9; 15; 29]. Low
toxicity ensures the comparative safety of ceri-
um dioxide nanoparticles in vivo. High oxygen
non-stoichiometry drives the activity of nan-
odispersed CeO2 in cellular redox processes,
especially in the inactivation of active oxygen
species [15; 21; 28]. CeO2 can regenerate its
oxygen non-stoichiometry [3; 6; 15], returning
to its original state shortly after redox participa-
tion. This enables repeated use of cerium dioxide
nanoparticles [13; 28; 30].

Because of their small size, nanoparticles
easily enter the body through the respiratory,
digestive, and skin systems. Their large surface
area per unit mass causes more pronounced bio-
logical activity [21; 28].

Despite the risks, nanotechnologies are
widely used in all branches of industry and agri-
culture [4; 7; 12; 14; 19]. Once inside a biolog-
ical system, nanoparticles face various physical
and chemical features of the organism. These
features affect nanoparticle properties and can
change the organism's response [15; 20]. The
ability to undergo a redox cycle between two
natural oxidation states (Ce3+ and Ce4+) [30]
is a key factor. However, it was previously be-
lieved that CeO2 nanoparticles are stable [23]
and only poorly soluble [20] or insoluble under
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environmental conditions. Solubility depends on
the carrier, pH, and particle size. The dissolution
of nanoparticles depends on the ratio of Ce3+
to Ce4+ on their surface [20]. As nanoparticle
size decreases, they become less oxygen-va-
cancy-rich in their lattice, locally reducing the
amount of Ce4+.

In recent years, the literature has reported
the use of metal nanoparticles, particularly ce-
rium, in animal husbandry as new natural addi-
tives to feed to increase animal productivity [4;
8; 12; 14].

The effect of nanocrystalline cerium dioxide
has been studied, and the lethal and semi-lethal
compound doses have been established. The
LD50 of nanocrystalline cerium dioxide exceeds
2000 mg/kg, confirming that this compound be-
longs to toxicity class V and indicating very low
toxicity [9; 29]. The positive antibacterial poten-
tial of CeO2 nanoparticles against poultry patho-
gens has been revealed [17].

The high biocompatibility, low toxicity, and
catalytic activity of nanodispersed cerium diox-
ide make it a promising nanobiomaterial for use
in biology, medicine, and agriculture [6; 11].
However, the mechanisms underlying its biolog-
ical activity are currently poorly understood and
require further research.

Widespread use of metal nanoparticles and
their oxides is impossible without assessing their
potential impact on end consumers [10; 25]. The
biosafety of nanomaterials is multifaceted and
ambiguous, requiring a comprehensive, safe,
responsible and scientifically sound approach.
Currently, there are insufficient reports on the
toxicodynamics and toxicokinetics of nanoparti-
cles in humans and animals, as well as their im-
pact on the environment [10; 22]. For this pur-
pose, it is necessary to systematize information
on the relationships between nanoparticle tox-
icity and their composition, concentration, size,
shape, reactivity, etc. [16]. It is important to in-
vestigate the molecular mechanisms underlying
the impact of nanoparticles on the body, organs,
tissues, and cells, the mechanisms underlying
the development of remote toxic effects, and
ways to eliminate or reduce their undesirable ef-
fects. Such studies are possible when using key
systemic characteristics of biological systems
under in vivo and in vitro conditions (physiolog-
ical, biochemical, immunological, genetic, cyto-
logical, etc.) sensitive to toxic effects [18]. The
toxic effects of nanoparticles may be due to their
ability to penetrate cells, bypassing respiratory,
dermal, gastrointestinal, blood-brain, placental,
and other barriers, and selectively accumulate in
cells and subcellular structures [5].
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The aim of the research was to determine
the acute and chronic toxicity of nanodispersed
cerium dioxide.

Material and methods of research. Nano-
crystalline cerium dioxide (NCD) is a representa-
tive of a new class of inorganic antioxidants that
can inactivate active forms of Oxygen, but does
not exhibit photocatalytic activity. NCD 1 is a
light yellow powder with a particle size of 411
nm, obtained by employees of the Nanomedtech
laboratory (Kyiv, Ukraine) and excipients to cre-
ate the optimal composition of the base. Cerium
dioxide nanoparticles (NCD 2) were created and
provided for testing by the Department of Inter-
feron and Immunomodulators of the D.K. Zab-
olotny Institute of Microbiology and Virology
(Head of the Department, Doctor of Biological
Sciences, Corresponding Member of the NAS of
Ukraine, M.Ya. Spivak) for the purpose of pre-
venting antioxidant stress. The authors express
their sincere gratitude to colleagues for provid-
ing consulting assistance and support.

The purpose of determining the acute toxic-
ity of NDC compounds was to establish the de-
gree of toxicity (the limits of fluctuation of toxic
action) and their lethal doses.

Studying chronic toxicity is relevant for two
reasons. First, it allows the study of toxic effects
during long-term tests. Second, it helps identi-
fy dose levels at which no toxic effects are ob-
served under the given experimental conditions.

To determine the toxicity of the studied feed
additives in rats, doses of 1000, 3000, and 5000
mg/kg body weight were administered. 6 labora-
tory animals were used for each dose. The 5000
mg/kg dose was administered to twice as many
animals.

After the administration of the studied feed
additives, laboratory animals were observed for
14 days. The following indicators were taken into
account: appearance, behaviour of animals, con-
dition of fur, visible mucous membranes, attitude
to food, thythm, respiratory rate, time of onset
and nature of intoxication, its severity, course,
time of death of animals or their recovery.

When studying subacute toxicity, the results
from acute toxicity were used to guide the study.
Supplements were administered intragastrical-
ly, daily for 30 days. During the experiment,
the animals' clinical condition and behaviour
were observed. Subacute toxicity was studied
in 24 white rats weighing 200-220 g. For this
purpose, a control group and three experimental
groups of 6 rats each were formed. The animals
of the control group were given drinking water.
Animals of the first experimental group were
administered the feed additive in a therapeutic

dose of 0.05 g/kg of body weight, those of the
second experimental group were administered
five times the therapeutic dose of 0.25 g/kg, and
those of the third experimental group were ad-
ministered ten times the therapeutic dose of 0.5
g/kg of body weight. In the subacute experiment,
the compound was administered to rats for 30
days. The next day after the end of the admin-
istration, laboratory animals were decapitated
under light ether anesthesia, blood samples were
taken, hematological and biochemical studies
were performed according to generally accepted
methods, and organs were dissected, and organ
mass coefficients were determined, compared
with the control group.

For hematological studies, blood stabilized
with EDTA was used; for biochemical studies,
serum was used. In stabilized blood, the fol-
lowing were determined: hemoglobin content,
erythrocyte count, hematocrit, leukocyte count,
MCH, MCV, and MCNS - using a Mythic-18
hematological analyzer. In blood serum, the fol-
lowing were determined: total protein, enzyme
activities (ALT, AST, LDH), total bilirubin,
creatinine, urea, and total cholesterol using a
semi-automatic biochemical analyzer Huma-
Lyzer 3000 with standard kits from Human.

During the research, the general principles
of bioethics, legislative norms and requirements
were adhered to in accordance with the provi-
sions of the “European Convention for the Pro-
tection of Vertebrate Animals Used for Research
and Scientific Purposes” (Strasbourg, 1986),
“General Ethical Principles of Experiments
on Animals” (Ukraine, 2001) and the “Ethical
Committee of the Bila Tserkva National Agrar-
ian University on the Treatment of Animals in
Scientific Research and the Scientific Process”
(No. 6 dated 05.22.2018).

The experimental part, approbation and
production checks of the research results were
performed in the laboratories of the Research
Institute of Ecology and Biotechnology in An-
imal Husbandry and the Laboratory of Bio- and
Histochemical Research Methods of the Bila
Tserkva National Agrarian University (BNAU).
Toxicological studies of the compounds were
performed on the scientific basis of the vivari-
um of a certified laboratory of pharmacology
and toxicology, included in the Register of the
UkrSEPRO certification system of the State Sci-
entific Research Control Institute of Veterinary
Drugs and Feed Additives (DNDKIVPKD) in
Lviv. Chromatographic studies were performed
in accordance with the Kyiv Regional Scientific
and Production Center for Standardization, Me-
trology and Certification.
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Variational and statistical data processing
was carried out in Microsoft Excel using the
formulas we created. We determined indicators
such as the arithmetic mean (M), standard error
(m), and mean square deviation (s

Variational and statistical data processing
was carried out in Microsoft Excel using the
formulas we created. We determined indicators
such as the arithmetic mean (M), standard
error (m), and mean square deviation (c). The
reliability of the changes was assessed using the
Student’s t-test. The critical reliability levels
for testing statistical hypotheses in the studies
were set at 0.95, 0.99, and 0.999. The number
of experiments (n) corresponds to the number of
people studied in each case.

Research results and discussion. Under
conditions of acute toxicity, it was found that
white rats died from the use of the studied NDCs,
mainly on the first day after intramuscular
administration. The mortality rates of laboratory
animals and their clinical symptoms at the
corresponding doses of the two compounds
were identical; therefore, the study data for
determining acute toxicity are presented as
a single set for both NDC 1 and NDC 2. The
identity of the studies was also established in the
case of repeated administrations.

In previous stages of the research, the lethal
(DL100) and maximally tolerated (DLO0) doses
of the NDC compounds, both in the dosage form
and in their active substance, were identified.
As a result of the research, 100% mortality of
white rats (DL100) was observed at a dose of
32 ml/kg of the compounds, and no mortality of
laboratory animals (DLO) at a dose of 24 ml/kg
of the compounds (Table 1).

In rats, when large doses of the studied
compounds were administered, the same symp-
toms were observed, including impaired coor-
dination of movements, head tremor, and, later,
whole-body tremor, leading to death.

The data obtained on the death of white rats,
depending on the administered doses of NDC
compounds, are shown in Table 2.

After the results were obtained, calculations
of the average lethal doses of cerium dioxide
preparations were carried out using the methods
of G. Kerber, G. Pershin, B.M. Shtabsky, V.B.
Prozorovsky, J. Litchfield and F. Wilcoxon.
To improve understanding of the material and
facilitate calculations, the administered doses
of the preparations were reported in ml/kg and
then converted to mg/kg.

In the final table 3, for the study of acute
toxicity, the median lethal doses (LD50) of the
NDC for laboratory animals were determined
and calculated at the expanded stage in terms
of the finished dosage form and the active sub-
stance, trivalent cerium (Ce3+), are presented.
It should be noted that if, during the study of the
toxicity of newly developed drugs, the median
lethal doses calculated by different methods co-
incide, then the experiment was conducted cor-
rectly and the drug belongs to the correspond-
ing toxicity class. The median lethal doses of
the studied drugs in white rats, regardless of the
calculation method, were similar and exceeded
4500 mg/kg body weight. The DL50 indicators
for the active substance ranged from 2286 to
2618 mg/kg, which do not exceed the parame-
ters of class V (1501-4500 mg/kg).

Table 1 — Lethal (DL100) and maximum tolerated dose (DLO0) values of NDC doses for white rats

after intramuscular administration, n =9

The name of the

Based on active Based on active

compound By compound By compound substance, mg/kg substance, mg/kg
The name of the DL100 LDO DL100 LDO
compound
Ngncgﬁ:g( ¢ (3230200) (24000) 2720 2040
NDC 2 (mg/kg) (3236240) (24480) 2720 2040

Table 2 — Survival and mortality rates of white rats during the determination of acute toxicity
of nanocrystalline cerium dioxide following intramuscular administration, n=60

Doses by compound, ml/kg 24 26 28 30 32
(by active ingredient, mg/kg) (2040) (2210) (2380) (2550) (2720)

Survival rats 6 5 4 2 0

Died rats 0 1 2 4 6
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Table 3 — Values of median lethal doses of NDC for white rats after intramuscular administration

Calculation methods by:

G. Kerber
G. Pershin
J. Litchfield and F. Wilcoxon
V.B. Prozorovsky
B.M. Shtabsky

G. Kerber
G. Pershin
J. Litchfield and F. Wilcoxon

V.B. Prozorovsky
B.M. Shtabsky

G. Kerber
G. Pershin
J. Litchfield and F. Wilcoxon
V.B. Prozorovsky
B.M. Shtabsky

Median Lethal Dose (DL50)

NDC preparation (ml/kg)
28,7
28,7
28,8 (27,2 +30,4)
28,7 (26,9 ~ 30,4)
28,9 (27,0 + 30,8)
Per compound
NDC preparation (mg/kg)
28667
28670
28750 (27200 + 30389)
28659 (26898 + 30420)
28889 (26975 + 30803)
NDC-citrate preparation (mg/kg)
29240
29243
29325 (27744 + 30997)
29232 (27436 +~ 31028)
29467 (27515 + 31419)

Median Lethal Dose (DL50)

NDC preparation (ml/kg)
28,7
28,7
28,8 (27,2 +30,4)
28,7 (26,9 + 30,4)
28,9 (27,0 + 30,8)
Per active ingredient
NDC preparation (mg/kg)
2436,695
2436,950
2444 (2312 + 2583)
2436 (2286 + 2586)
2456 (2293 +2618)
NDC-citrate preparation (mg/kg)
2436,695
2436,950
2444 (2312 + 2583)
2436 (2286 + 2586)
2456 (2293 +2618)

Therefore, the conducted studies have es-
tablished that the NDC data, according to the
classification of toxicity of substances when ad-
ministered intramuscularly by degree of danger
[26] belong to toxicity class VI (relatively harm-
less substances), and in terms of the main active
ingredient, trivalent cerium (Ce3+), which is in
this dosage form, to toxicity class V (practically
non-toxic substances).

Summarizing the results, it can be concluded
that the toxicity of the studied compounds when
administered intramuscularly belongs to the VI
toxicity class (relatively harmless substances)
for white rats, and their active substance, triva-
lent cerium (Ce3+), which is in this form, be-
longs to the V toxicity class (practically non-tox-
ic substances). The median lethal dose of the
NDC drug for white rats when administered in-
tramuscularly is 28889 (26975 + 30803) mg/kg.

Under the conditions of intramuscular ad-
ministration of the NDC drug to white rats
during the study of chronic toxicity, no deaths of
laboratory animals were detected.

In rats of the experimental groups, which
were administered the drug NDC for a long
time, a trend was found, correspondingly with
a decrease in body weight, compared to the
control group, a decrease in total and average
daily gains, which were characterized even by

negative indicators compared to the weight of
the animals at the beginning of the experiment,
especially in the third group of animals, which
were administered the drug in the highest dose
(Table 4).

Under the conditions of long-term daily ad-
ministration of the NDC compound to rats in
the doses studied to determine the toxic effect
of the dosage form on the body, on the 10th
day, compared to the control, a significant in-
crease in the coefficients of liver mass by 36 and
80% (p<0.001) was found when the drug was
administered in therapeutic and 5-fold higher
than therapeutic doses, respectively, and spleen
by 33% (p<0.05) when administered in a dose
5-fold higher than therapeutic (Table 5).

So, in our opinion, under prolonged admin-
istration of the drug NDC, its toxic effect was
manifested, especially at the highest dose, which
caused a decrease in the body weight of labora-
tory animals with a simultaneous increase in the
weight of the liver and spleen.

According to blood tests, the severity of the
course is determined, and the body's complica-
tions from the drug's toxic effects are detected.
The waste products of various organs are excret-
ed into the blood. The amount of waste products
excreted can indicate the functional state of the
internal organs and the immune defence system.

125



TexHomoris BHPOOHUIITBA 1 TepepOOKH MPOAYKILii TBapuHHUITBA, 2025, No 2 tvppt.btsau.edu.ua

Table 4 — Dynamics of changes in body weight and growth in white rats during the determination
of chronic toxicity of the drug nanocrystalline cerium dioxide, g, M+m, n=6

animal Body Body Body Body Body Body Body
group weight weight weight weight weight gain  weight gain  weight gain
animal at the begin- at the begin- on the 10th  onthe 10th Total forthe  average average
ning of the ningofthe dayofad- dayofad- monthby daily calcu- daily calcu-
group X X A AN ] i
experiment experiment ministration ministration group lated: lated:
animal Total for ~ Average of  Total for Total for Total fgrbthe d a.lffera%e d E}Iferagle
roup group one animal group group month by datly calcu-  datly calcu-
& group lated: lated:
animal Total for ~ Average of  Total for Total for Tg:zilfgrbthe for all rats  per rat in the
group group one animal group group Y inthe group group
group
1 835 139,245,23 930 155,349,04 95 9,5 1,6
2 831 138,5+4,86 799 133,244,87 -32 -3,2 -0,5
3 835 139,2+7,79 765 127,5+11,31 =70 -7,0 -1,2

Table 5 — Weight coefficients of white rats’ internal organs on the 10th day for the study of NDC compound

chronic toxicity, %, M+m, n=6

Organs examined Group of animals

Organs examined 1

Heart 3,9+0,13
Spleen 5,2+0,25
Kidneys (both) 8,4+0,47
Right kidney 4,3+0,22
Left kidney 4,1+0,25
Liver 38,7+1,73
Lungs 11,1+1,14

Group of animals Group of animals
2 3
4,0+0,24 4,8+0,23
5,7+0,44 6,9+0,64*
8,1+0,37 9,4+0,45
4,1+0,24 4,8+0,34
4,0+0,24 4,6+0,33
52,64+2,34%*** 69,7+4,13%%*
11,9+1,32 11,7+£0,91

Note: here and further the difference is significant at: * — p<0,05; ** — p<0,01; *** — p<0,001, compared

to group 1.

Analysis of the morphological picture of the
rats' blood on the 10th day of NDC administra-
tion showed that the compound significantly af-
fected hematopoietic processes in the rats' bod-
ies. We found that with prolonged administra-

tion of the drug in therapeutic doses and in doses
5 times higher than therapeutic, a significant
decrease in the number of erythrocytes, respec-
tively, by 48% (p<0.001) and 40% (p<0.01) and
leukocytes by 43% and 50% (p<0.01) (Table 6).

Table 6 — Hematological parameters in white rats for determining the toxicity of the nanocrystalline

cerium dioxide preparation, M+m, n=6

Indicators Group of animals
Indicators 1
Hemoglobin, g/l 101,3+£5,74
Erythrocytes, T/1 9,0+0,44
Hematocrit value, 1/1 0,36+0,02
Color index 0,35+0,02
Averagg hemoglobin 11.3+0.64
content in erythrocytes, pg
Average erythrocyte 40.942,93
volume, pm3
Leukocytes, G/1 16,6+2,03
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Group of animals Group of animals
2 3
96,0+8,93 97,2+7,73
4,7+0,33%** 5,4+£1,03%*
0,38+0,02 0,38+0,02
0,60+0,06** 0,6340,02%**
20,6+2,23%* 20,8+0,92%*
73,648,42%* 81,945,03**
9,540,72%* 8,3:40,74%*
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Hematocrit is used to determine the average
erythrocyte volume and to characterize certain
types of anemia. In our experiment, prolonged
administration of the compound at therapeutic
and 5-fold higher than therapeutic doses result-
ed in a significant increase in the average eryth-
rocyte volume by 80% and 100%, respectively
(p<0,01).

Hemoglobin is a respiratory iron-containing
blood protein contained in erythrocytes and pro-
vides transport of Oxygen from the lungs to the
tissues and carbon dioxide to the lungs. In the
experiment, prolonged administration of the two
studied doses showed a general tendency to in-
crease hematocrit and decrease hemoglobin. A
probable decrease in the number of erythrocytes,
as already indicated, contributed to a probable
increase in the levels of red blood indices, name-
ly: color index — by 71% (p<0.01) and by 80%
(p<0.001) and the average hemoglobin content
in erythrocytes - by 82.3% (p<0.01) and by
84.0% (p<0.001) upon administration of NDC,
respectively, in therapeutic and 1/3 LD50 doses.
It should be noted that erythrocytopenia exceed-
ed the physiological norm.

Hematological indicators after long-term
compound administration to rats indicate the in-
toxication effect of NDC regardless of the dose,
which led to anemia, and this, in turn, is confirmed
by pronounced hyperchromia. The determined
erythrocytopenia and leukocytopenia indicate the
inhibitory effect of the drug on the hematopoietic
organs, the suppression of the organs of eryth-
ro- and leukocytopoietic function (bone marrow,
spleen, lymph nodes), that is, the effect of NDC
on erythro- and leukocytopoiesis, their depletion
and a decrease in the reactivity of the organism. In
addition, there was damage to the spleen, leading
to an increase in its mass coefficient. In addition,
a decrease in erythrocyte count and an increase
in red blood indices indicate macrocytic anemia.
A higher average erythrocyte volume, in turn,
may indicate liver damage, and leukocytopenia -
a decrease in the reactivity of the organism [27].
Determining the total number of leukocytes does

not indicate the number of individual leukocyte
types. Such data can be obtained by deriving a
leukogram - the percentage ratio between individ-
ual types of leukocytes.

Analysis of the morphological picture of
the blood of rats showed (Table 7) that with
prolonged administration of NDC, regardless
of the dose, a significant increase in segmented
neutrophils was noted in the leukogram, com-
pared with the control, by 2.3 (p<0.001) and 2.7
(p<0.01) times and a decrease of 13.6 and 22.0%
(p<0.01) of lymphocytes during administration
of the drug, respectively, in therapeutic and 1/3
LD50 doses.

A tendency to increase monocyte levels
by 8% and 67% was observed with compound
administration at therapeutic and 5-fold higher
than therapeutic doses, respectively. As for eo-
sinophils, for the administration of NDC at a
therapeutic dose, a tendency to decrease their
level compared to the control by 21.4% was ob-
served, and for a dose of 1/3 LD50, their level
increased by 7.1%.

The significant increase in segmented neu-
trophils, combined with pronounced leukocyto-
penia, indicates chronic processes and suggests
bone marrow depletion. At the same time, the de-
tected lymphocytopenia against the background
of neutrophilia indicates acute septic processes.
Lymphocytopenia, in combination with leuko-
cytopenia, also indicates depletion of the body's
defences. A tendency to increase monocyte
counts, in combination with drug administration
at a 5-fold higher dose than the therapeutic dose,
may also indicate a chronic process [27].

The compound has been shown to affect pro-
tein and lipid metabolism, as well as the activity
of intracellular enzymes (Table 8).

In the animal body, the concentration of total
protein in blood serum is within a narrow range
and changes significantly with significant meta-
bolic pathology, liver disease, and other organ
diseases. Our studies did not reveal significant
changes in the protein content with prolonged
administration of NDC in a therapeutic dose.

Table 7 — Blood leukogram of white rats on the 10th day of a long-term experiment to study the toxic
properties of the NDC compound, %, M+m, n=6

Group Eosinophils Neutrophils
Group Eosinophils rod-nucleated
1 2,8+0,75 -
2 2,24+0,81 -
3,0+1,02 -

Neutrophils Lymphocytes Monocyte
segment-
nucleated Lymphocytes Monocyte
9,542,23 86,54+2,53 1,2+0,43
21,8+1,24%** 74,7+2,13%* 1,3+0,74
27,243, 74%* 67,543,63%* 2,0+0,74
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Table 8§ — Biochemical blood parameters of white rats on the 10th day of a long-term experiment to study
the toxic properties of the NDC compound, M+m, n=6

Indicators Group of animals Group of animals
Indicators control Therapeutic
ALT, pkat/l 0,36+0,011 0,77+0,061***
AST, pkat/l 0,67+0,039 0,9440,03 1***
LF, pkat/l 1,4+0,06 1,3+0,04
Total protein, g/l 87,9£3,03 88,3+3,23
Total lipids, g/l 2,4+0,24 2,3+0,12
Triacylglycerols, mmol/Il 0,34+0,033 0,63+0,034%**
Total cholesterol, mol/I 4,5+0,09 4,2+0,22
Free cholesterol, mol/l 1,5+0,04 1,6+0,13
Bound cholesterol, mol/l 3,0+0,09 2,6:£0,34
Glucose, mmol/l 4,1+0,35 3,5+0,25

As for lipid metabolism, which depends on
the functions of intestines, pancreas and thyroid
glands, liver and other organs, a significant in-
crease in the blood serum of the studied rats,
compared with the control rats, which were ad-
ministered NDC for a long time in a therapeutic
dose, was found, a significant increase by 85%
(p<0.001) in the content of triacylglycerols and
a tendency to decrease by 13% in the content of
bound cholesterol.

The glucose content of the blood is relative-
ly constant. Blood glucose is constantly replen-
ished by the tissues, liver, and intestines. In our
studies, no significant changes in glucose levels
were observed with prolonged administration of
NDC at a therapeutic dose; only a tendency to
reduce glucose concentration by 15% was ob-
served compared with the control.

The study of enzyme activity in the blood se-
rum in the diagnosis of liver diseases is gaining
increasing importance. Enzyme diagnostics help
recognize the disease at an early stage and detect
minor changes in liver function and structure.
Our experiments revealed a significant 2-fold
increase in ALT activity and a 40% increase in
AST activity (p<0.001) compared with the con-
trol, following long-term administration of NDC
at a therapeutic dose.

Thus, biochemical blood parameters showed
that the compound, after 10 days of daily admin-
istration, affected the liver's functional state due
to hepatocyte dysfunction, as evidenced by a sig-
nificant increase in transaminase activity and the
mass coefficient of this organ. Hypertriacylglyc-
erolemia, which is observed in organ lesions,
also indicates impaired liver function [27].

As a result of studying the toxic effect of
NDC, under the conditions of its daily admin-
istration to white rats for 10 days, it was estab-
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lished that the compound, regardless of the dose,
suppressed the erythropoietic and leukocytopoi-
etic functions of the hematopoietic organs (bone
marrow, spleen, lymph nodes), caused their de-
pletion, especially the bone marrow, and reduced
the reactivity of the body, affecting the function-
al state of the liver and spleen. Under the influ-
ence of the compound, inflammatory processes
of both acute and chronic nature took place.

As a result of studying the toxic effect of
NDC, under the conditions of its daily adminis-
tration to white rats for 10 days, it was found that
the compound affected the hematopoietic organs
and the immune system regardless of the dose (a
probable decrease in the number of erythrocytes,
leukocytes and lymphocytes and an increase in
segmented neutrophils, red blood indices, mean
erythrocyte volume and spleen mass coefficient)
and this, in our opinion, indicates the transition
of the acute process into a chronic one and de-
pletion of the bone marrow. In addition, this
drug affected some aspects of lipid metabolism
(a probable increase in triacylglycerol content)
and the functional state of the liver (a probable
increase in the mass coefficient of this organ and
the activity of ALT and AST).

However, it should be noted that when NDC
was administered at the doses studied, no de-
crease in the AST-to-ALT ratio below 1 or a
significant increase above 1.33 (De Ritis coef-
ficient) was detected in the blood serum of rats,
indicating minimal liver damage [27]. No signif-
icant changes were found in the content of total
protein and total lipids, and cholesterol, as well
as in the level of glucose. In addition, increased
morphological and biochemical blood param-
eters in experimental animals compared with
controls may indicate compensatory processes
in response to the drug.
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Conclusions. Summarizing the results of
the conducted studies, it can be concluded that
prolonged intramuscular administration of NDC,
especially at a dose 5 times the therapeutic dose,
resulted in a toxic effect on the mass of laborato-
ry animals. The compound, when administered
daily for prolonged periods to white rats, affect-
ed the functional state of the liver and spleen,
as well as lipid metabolism. Administration of
NDC to white rats for 10 days suppressed the
erythropoietic and leukocytopoietic functions of
the hematopoietic organs and reduced the pro-
tective functions of the body.
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ExoTokcukoJoOriyHa omiHka mpemnapartiB Ha-
HOKPHUCTAJTIYHOI0 Lepilo Aiokcuay

HexmicTpenko O.C., Iexmicrpenko C.I.,
BiTioubkmii B.C.

Lepiii € HalmOmMMpPEHIINM piIKO3EeMEITbHUM
METaJIOM Ta EJIEMEHTOM IIPOMHCIIOBOTO 3HAYCHHS.
Hepiro miokcnng (CeOz) € HalBiZIOMIIIIOIO CITOTyKOIO
LIepifo, 3aBISKN HOTO HETePEBEPIIIEHNM OKHCHO-Bi-
HOBHHM BJIACTHBOCTSIM 1 3JaTHOCTI T'apaHTyBaTh
yyznoBy pyxiuBicte Okcureny. ITpu nepexoni B Ha-
HOKPHCTJIIYHUH CTaH CIIOJyKa 3HAYHO 3MIHIOE CBOT
(i3UKO-XiMiYHI BIACTHUBOCTI, IO OOYMOBIIOE VHi-
KaJIbHy O10JIOTIYHY aKTHBHICTh MaTepiay.

B ocramHI pokm y mitepaTypi 3yCTpi4aroThCs
NOBIZIOMJICHHSI LIO/I0 3aCTOCYBaHHS HAHOYACTHHOK
MeTaliB, 30KpeMa Iepilo, Y TBapUHHHUITBI B SKO-
CTi HOBHX NPHPOAHUX IT00aBOK JI0 KOPMY 3 METOIO
MiIBUIIEHHS MPOIYKTUBHOCTI TBapuH. Ha croromHi
HEIOCTAaTHRO € MOBIIOMIIEHD IIOI0 TOKCHUKOIHWHAMI-
KM Ta TOKCHUKOKIHETHKH HaHOYaCTHHOK Yy OpraHi3Mi
JIIOJICH Ta TBApPHH, a TAKOX iX BIUIMB HA JOBKIJLISA.
TokcuyHa i HAHOYACTHHOK MOKE OYTH 00yMOBIIC-
Ha iX 3JaTHICTIO MPOHHMKATU B KIITHHY, OMHHAIOYH
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JUXaNbHUHN, NepMallbHUM, NITyHKOBO-KUIIKOBUH, Ie-
MaToeHIedaTiyHui, IUIaleHTapHui Ta iHIi 6ap’epu
Ta BHOIPKOBO aKyMYJIFOBATHCS Y KIIITHHAX Ta CyOKJIi-
THHHUX CTPYKTypax.

Mertoro mocrmimkeHs OyJI0 BH3HA4YEHHS TOCTPOi
Ta XPOHIYHOI TOKCHYHOCTI HAHOIUCIIEPCHOTO IEPIit0
JIOKCH]LY, OTPHMAHOTO CITIBPOOITHUKAaMU J1abopaTo-
pii «Hanomenrex» (KuiB, Ykpaina) ta Biguainom npo-
Omem iHTEepdepoHy Ta IMyHOMOAYIIATOPIB [HCTUTYTY
Mikpo6iosorii Ta Bipycomorii im. [I.K. 3a6onoTHoro.

PesynpraTi mocmimKkeHHs 010XiMIYHUX TMOKa3HH-
KiB KPOBI [TOKa3aJy, 1110 rmpemnapar 3a 10-1000B0ro 1110-
JICHHOTO BBE/ICHHS BIUIMBAB Ha (QyHKI[IOHAIBLHHI CTaH
TIeYiHKHU, BHACIIIOK MOPYIIEHHS TeNaToOLUTIB, PO 10
CBITYHTH BipOTiJHE ITiBUIICHHS aKTUBHOCTI TpaHCa-
MiHa3 Ta Koe(ilieHTy Macu gaHoro oprany. IIpo mo-
pymeHHs QYHKII{ NeYiHKY BKa3ye 1 TilepTpHanuITIi-
L[epoJIeMisl, SIKa BiIMIYa€ThCS TPU YPAKEHHSIX OPraHy.

VY pesynbrati BuBUeHHs TokcnuHoi nii H/LL, 3a
YMOB HI0JJ000BOTO BBEIECHHSI HOro OLIMM Iypam
BrpostoBX 10 1i6 BCTaHOBIIEHO, IO Mpenapar He
3JIEKHO BiJT TO3W MIPUTHITYBAB EPUTPO- Ta JICHKO-
OATOMOCTHYHY (YHKII KPOBOTBOPHHUX OpraHiB,
CIPHUYHUHSIB 1X BHUCHA)KEHHIO, OCOOJIMBO KiCTKOBO-
r0 MO3KY Ta MOHM)KYBaB PEaKTHUBHICTh OpraHi3my,
BILTMBAB Ha (DYHKIIOHAJLHUI CTaH IEYiHKY 1 cese-
simkm. Ilig miero mpemapary MPOXOOMIIH 3armalibHi
TPOTIECH SIK TOCTPOTO, TaK i XPOHIYHOTO XapaKTe-
py. Kpim Toro manmii nmpemapaT BIUTHBaB Ha JAEsKi
CTOPOHM OOMiHY JiMimiB Ta Ha (QPyHKLIIOHAIBHUN
CTaH TMeYiHKW (BiporimHe miABHIIEHHS Koedimi-
€HTY MacH JIaHOTO opraHy Ta akTuBHOCTI ANAT i
AcAT).

KuarouoBi cioBa: HaHompemapaTw, Iepito i-
OKCH/I, TOKCHYHICTb, IIIypi, KPOB, BHYTPIIIIHI OPTraHH,
010XIMIYHI MOKA3HUKH.
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