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Abstract. Under contemporary conditions, the study of adaptive processes in living organisms
remains highly relevant, particularly in relation to the biochemical blood parameters of cattle kept
for extended periods in areas contaminated with radionuclides. This study aimed to determine blood
biochemical parameters, analyse characteristic changes, assess their impact on animal health, and
evaluate the degree of damage caused by radioactive iodine isotopes. The study examined biochemical
parameters - including the activity of amylase, aspartate and alanine aminotransferases (AST and ALT),
glutathione peroxidase (GPx), the concentration of lipid hydroperoxides (LHP), the level of
ceruloplasmin, and total plasma protein — using standard biochemical methods. The results revealed a
wide range of parameter values; however, no significant differences were observed between the groups
of cattle exposed to various doses of ionising radiation (1 Gy to the body, 2 Gy to the gastrointestinal
tract, and up to 40 Gy to the thyroid gland) resulting from Chornobyl radioactive fallout, including
radioactive iodine affecting the thyroid and those kept in relatively uncontaminated areas exposed to
only minimal doses of radiation (within a few mGy). Characteristic changes in biochemical parameters
and potential alterations in health status were analysed. It was established that under conditions of
high-dose thyroid irradiation (40 Gy to the thyroid gland), powerful adaptive mechanisms are activated
in the body. These mechanisms counteract the harmful effects of ionising radiation at the organismal
level and help preserve important productive traits such as fertility and productivity. These findings
may serve as a basis for developing a system of measures aimed at regulating the adaptive responses
of organisms exposed to ecopathogenic factors
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INTRODUCTION

The vast scale of radionuclide contamination in
Ukraine following the Chornobyl nuclear power
plant (ChNPP) accident led to the exposure of the
country’s population and livestock to radiation.
This prompted scientists to study various aspects
and consequences of ionising radiation’s impact
on people and other biological entities. A clear
consequence of the Chornobyl radioactive fall-
out on human health was the increase in thyroid
gland pathologies within the first five years after
the accident. This was largely due to cows’ milk
being contaminated with radioactive iodine iso-
topes. While medical issues related to radioactive
iodine exposure in humans have received signifi-
cant attention from scientists worldwide, the bi-
ological effects of radioactive iodine isotopes on
livestock have been comparatively understudied.
Therefore, research into the molecular mecha-
nisms of ionising radiation on animals and the
development of radiation-induced adaptive pro-
cesses for living organisms to withstand chronic
ionising radiation exposure remains highly rel-
evant. Crucial studies on the aftermath of the
mentioned accident, particularly examining the
patterns of radionuclide transfer through trophic
chains from soil to food products, have been con-
ducted in Ukraine, Germany, and England (von
Zallinger & Tempel, 1988). These studies high-
light the ongoing relevance of the Chornobyl radi-
onuclides’ impact, even 30 years after the accident
(Mushawwir et al., 2020).

The research results presented in this arti-
cle, focusing on cattle under production condi-
tions and the artificial introduction of radioac-
tive iodine, logically extend the experiments of
M.M. Lazarev & A.V. Klepko (2023). Their study
assessed the haematological blood parameters of
cattle experiencing “iodine” pathology observed
post-Chornobyl accident. That study analysed
data on '*I content in the Ukrainian Polissia re-
gion, an area with radioactive contamination, and
examined the health consequences for cattle due
to insufficient natural stable iodine, including
characteristic physiological changes. M. Haque et
al. (2024) highlight that the Polissia region is
characterised by a deficiency in biogenic micro-
elements, particularly iodine, due to the region’s
specific soil and climatic conditions. These au-
thors emphasise that low iodine levels in the soil

directly affect its concentration in plants and,
consequently, in the organisms that consume
these plants as feed. This creates a predisposition
for iodine deficiency conditions in both animals
and humans residing in this region.

O. Pareniuk & N. Yasuda (2021) emphasised
that radioactive iodine is a key factor in damag-
ing biological systems following nuclear accidents.
This is because it rapidly integrates into biological
cycles, particularly in the thyroid gland, leading to
acute and chronic radiation effects. They highlight
that during the Chornobyl accident, the 3!l isotope
was the primary source of population exposure in
the initial weeks after the explosion. This isotope
accumulates in humans and animals through the
inhalation of radioactive aerosols and the con-
sumption of contaminated food products. M. Bar-
tuskova et al. (2023) described the diagnostic signs
and clinical picture of radioactive iodine-induced
radiation damage in animals. However, they did
not adequately address cases where animal popu-
lations affected by !*'I were in regions endemic for
stable iodine deficiency.

M.M. Talerko et al. (2020) noted in their re-
search that *"I deficiency in cattle leads to stunt-
ed growth, low body weight, reduced productivity,
and characteristic changes in the hair coat, such as
curliness and excessive hair length. Similar health
deviations in cattle were observed in radioactive-
ly contaminated areas during the acute phase of
the Chornobyl accident (Labunska et al., 2021).
D. Horikami et al. (2022) investigated the impact
of 31T on the thyroid gland of cattle following the
Fukushima nuclear accident. They confirmed that
thyroid gland damage leads to systemic chang-
es, including bradycardia, rumen hypotonia, im-
paired erythropoiesis and leukopoiesis, and re-
duced reproductive functions. M.M. Lazarev &
AV. Klepko (2023), in their experimental studies,
corroborated that the artificial introduction of '
into the cattle’s body causes pathological changes
similar to those observed with stable iodine de-
ficiency. Thus, research results indicate a close
relationship between physiological disturbances
in animals and iodine deficiency, regardless of
whether it is radioactive or stable.

Consequently, determining both haemato-
logical and biochemical blood parameters can not
only characterise the health status of animals but
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also provide a basis for assessing the extent of ra-
dioactive iodine isotope damage to the body. This
can then be used to develop a system of measures
to regulate the body’s adaptive mechanisms when
exposed to ecopathogenic factors. Therefore, this
study aimed to investigate the biochemical blood
parameters that characterise the key parameters
of the physiological state of cattle in iodine-defi-
cient and radionuclide-contaminated areas.

MATERIALS AND METHODS

The study was conducted on two groups of Black-
and-White cows, with 25 heads in each group, in
their 3™ to 5% lactation periods under production
conditions. The first group of animals was evacu-
ated from the exclusion zone (village of Volody-
myrivka, Poliske District, Kyiv Region) three weeks
after the Chornobyl accident, which occurred on
26 April 1986. At the time of the accident, the ani-
mals were kept on pasture. The first group of cows
was formed from a herd that was evacuated from
the village of Volodymyrivka. These cows were
transferred to a farm located in the urban-type
settlement of Poliske, Kyiv Region, where the ra-
dioactive contamination density was more than 20
times lower than in the village of Volodymyrivka.
This difference in radioactive contamination den-
sity led to a significant difference in the radiation
doses received by the animals’ bodies as a whole
and specifically by the cows’ thyroid glands.

This study was based on the conclusions and
data obtained in the research of N.A. Beresford et
al. (2000), which formed the basis for further
analysis. The observation of the cows and their
offspring was conducted from 1987 to 1995. This
research presents the results of biochemical status
studies of the cows for the year 1989.

Cows from a farm whose territory was not
considered radioactively contaminated according
to the Law of Ukraine No. 791a-XII (1991) were
used as a control group. The animals were kept
under identical conditions on a standard farm
diet but were exposed to varying doses of ionis-
ing radiation to the thyroid gland (TG). The first
group of cows received 40 Gy of radioactive '3'I ra-
diation to the TG, and the second group received
10 Gy. The study assessed the overall clinical con-
dition of the animals, recorded cow productivi-
ty (using the control milking method before the
start of the experiment and monthly thereafter),
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haematological parameters (Lazarev & Klep-
ko, 2023), thyroid hormone levels using radioim-
munoassay in test systems for thyroxine (T4RIA-
Pg) and triiodothyronine (T3-RIA-Pg), and a
range of biochemical parameters. These param-
eters showed a characteristic dependence of the
observed changes on the thyroid gland radiation
doses and on the keeping conditions, particular-
ly related to the deficiency of biogenic microe-
lements in the animals’ diets. For biochemical
(as well as haematological) studies, cattle blood
treated with the anticoagulant heparin was used,
and collected from 5-6 animals in each group.

To evaluate the biochemical profile in the an-
imals’ blood plasma, the activity of enzymes (am-
ylase, aspartate and alanine aminotransferases
(AST, ALT), glutathione peroxidase (GP)), as well
as the levels of ceruloplasmin, total protein, cho-
lesterol, sialic acids, lipid hydroperoxides (LPO),
and thyroid hormones (T, and T,) were deter-
mined. The studies were conducted using methods
described in L.I. Ostapchenko et al. (2019), and the
results were compared with the normative val-
ues provided in V.V. Vlizlo et al. (2012). Statistical
analysis was performed using methods of varia-
tional statistics (Hruzieva et al., 2020).

RESULTS AND DISCUSSION

Given that radioactive iodine was the primary fac-
tor in radiation damage to livestock, the function-
al activity of the thyroid gland was assessed by
measuring thyroid hormone levels in blood plas-
ma (Giovanella et al., 2022; Lazarev et al., 2024).
Comparing the hormonal status of animals in the
first group, which experienced the greatest ra-
diation exposure (40 Gy to the TG and approxi-
mately 1 Gy to the whole body), with those in the
second group (10 Gy to the TG) revealed a trend
towards decreased concentrations of thyroid hor-
mones (T, and T,) in the blood of animals exposed
to higher doses of thyroid radiation. However, in
both groups, thyroid hormone levels were below
the physiological norm (Table 1). The physiologi-
cal range of T, and T, concentrations in cow blood
varies throughout the year: before calving, it is
46-90 nmol/Land 1.2-1.6 nmol/L; at the beginning
of lactation, 43-125 nmol/L and 2.0-6.0 nmol/L; at
peak lactation, 57-103 nmol/L and 2.3-3.5 nmol/L;
and at the end of lactation, 43-86 nmol/L and
2.4-3.2 nmol/L.
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Table 1. Thyroid hormone levels in blood plasma of experimental cows (nmol/L)

Cow Time of assessment, months after 'l exposure
Parameter
groups 6 8 10 13 15 20

033+

1 T, 0.05 0.47 £0.1 0.49 £0.01 0.69 £ 0.06 1.4+05 0.96 £0.2
0.43 +

2 T, 0.03% 0.53 +0.07 0.51 £0.07 0.61+£0.04 1.37+0.04 1.0+0.03

T, 27.7+33 295+6.4 43.1 £4.7* 443 +3.6 63.7+4.8 38.0 + 3.8*

2 T, 29.6£1.2 30.1+£27 346+1.8 46.1+£0.8 61.5+43 445+3.8

Note: *'I - radioactive iodine, T, - triiodothyronine, and T, - thyroxine, * - p<0.05

Source: developed by the authors

The analysis of thyroid hormone levels in the
blood plasma of the experimental cows indicates
that the hormone levels in cows from groups 1 and
2 fluctuate with a nearly identical pattern. How-
ever, a significant difference in triiodothyronine
levels is observed six months after radioactive io-
dine exposure, and in thyroxine levels, at 10- and
20-months post-exposure.

Thyroid hormones (T, and T,) are synthe-
sised in the follicular cells of the thyroid gland
(Fig. 1) by attaching iodine to the residues of the
amino acid tyrosine, which is a component of thy-
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THYROID FOLLICULAR CELL
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roglobulin (TG), a soluble glycoprotein (660 kDa).
The daily secretion of T, by the thyroid gland is
80-100 pg, and that of T, is approximately 5 pg.
T, is significantly more active, making a substan-
tial portion of T, a precursor to T,. While some tri-
iodothyronine is synthesised in the thyroid gland,
it is also produced in peripheral body cells through
the monodeiodination of thyroxine, catalysed by
the enzyme 5’-monodeiodinase (requiring the
trace element selenium). Consequently, T, levels
in serum or plasma do not always accurately re-
flect thyroid gland dysfunction.

Organification is a biochemical
process that takes place in the thyroid
ORGANIFICATION gland.
It is the incorporation of iodine into
¢ m % thyroglobulin for the production of
nn‘n‘u'w',,w thyroid hormone, a step done after
l the oxidation of iodide by the enzyme

[

wo  thyroid peroxidase.

Ta

CONJUGATION

coLLoID

Figure 1. Thyroid hormone production
Note: T, - triiodothyronine; T, - thyroxine; Tg ~thyroglobulin; TPO - thyroid peroxidase; MIT — monoiodotyrosine;
DIT - diiodotyrosines; CLC5 - chloride channel 5; Na*/I- symporter; pendrin; anoctaminl; MCT8 — monocarboxylate

transporter 8
Source: L. Giovanella et al. (2022)

Through the action of proteases and peptidas-
es in the lysosomes of follicular cells, Tg is broken
down, and T, and T, are secreted into the blood,
where they bind to plasma proteins. T, has a high
affinity for globulin (thyroxine-binding globulin -
TBG), a lower affinity for prealbumin, and a very
weak affinity for albumin (approximately 75%

binds to TBG and 15%-20% to prealbumin and al-
bumin, respectively). Only 0.5% of T, remains in a
free (unbound) state. T, binds almost exclusively
to TBG, with its free fraction accounting for 0.05%.
The biological half-life of T, is 7-9 days, and that of
T, is 2 days. Both bound and free forms of the hor-
mones exist in dynamic equilibrium. Free forms of
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triiodothyronine penetrate cell membranes rela-
tively easily, influencing all types of metabolism.
T, and T, levels increase in the blood during
hyperthyroidism, while a decrease in T, and T, lev-
els can be observed in hypothyroidism, liver dis-
eases, kidney diseases, lipomobilisation syndrome,
ketosis, sepsis, pneumonia, peritonitis, malignant
tumours, and also with the administration of io-
dine preparations, corticosteroids, certain antibi-
otics and sulfonamides, and heparin. This is why
liver dysfunction can be one of the factors con-
tributing to changes in the cows’ condition, as evi-
denced by the data presented in Table 1.
Biochemical blood analysis, a key method of
laboratory diagnosis, is used to study the func-
tion of internal organs and their systems, includ-
ing metabolic processes occurring in the body.
In environments contaminated with substances
harmful to animal health, particularly radioactive
substances, pathological changes are primarily
observed in the liver — a natural barrier against
toxic substances (ICRP Publication..., 2023). De-
viations in liver function are indicated by altered
activity levels of enzymes such as ALT, AST, and
bilirubin, while kidney pathology is indicated by
an increase or decrease in creatinine and urea lev-
els in the blood. The dysfunction of organs and
their systems also leads to inflammatory process-
es, which are indicated by changes in C-reactive
protein and sialic acid levels (Vlizlo et al., 2012).
In addition to these parameters, other markers
(over 500 substances) are studied to assess the
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physiological state of the organism. The analy-
sis of the aforementioned enzyme activities and
substance levels reveals whether the chemical
reactions of metabolic processes are proceeding
normally or with deviations.

Biochemical analysis can indicate the devel-
opment of diabetes mellitus in cases of elevated
blood glucose levels, suggest myocardial infarction
or hepatitis with changes in aminotransferase ac-
tivity, and point to atherosclerosis and cardiovas-
cular diseases with increased cholesterol levels.
Liver dysfunction and bile flow obstruction are in-
dicated by changes in bilirubin levels; kidney func-
tion abnormalities are suggested by elevated or
decreased creatinine and urea levels; severe patho-
logical changes are reflected in changes in total
protein levels; and pancreatitis is indicated by in-
creased amylase activity (Ostapchenko et al., 2019).

A definitive diagnosis is confirmed by ana-
lysing specific biochemical blood parameters,
considering their changes in the context of the
mentioned deviations, which affect the overall
physiological state of the organism and the met-
abolic processes of tissue cells in internal organs.
These changes are reflected in the characteristic
variations of the biochemical parameters pre-
sented above. Tables 2 and 3 present the results of
biochemical parameter analysis, demonstrating
diverse deviations influenced by the time of year
and varying levels of thyroid gland radiation in
cows. Blood from cows not exposed to radioactive
iodine is used as a control.

Table 2. Enzyme activity in cow blood with varying levels of TG radiation

Enzymes, units of activity
- Amylase, mg/ AST, pmol/ ALT, pmol/ GP, pmol
- hour-mL hour-mL hour-mL glutathione/min
Animal groups!
March
1 137.7+16.0 1.6+0.08* 1.3+0.2 0.87+0.13*
2 105.7+22.0 1.13+0.05* 0.78+0.09 10.0+0.1*
Control 125.1+17.8 3.65+0.07 1.04+0.03 0
July
1 66.5+9,2*% 0.8+0.06* 0.21+0.03 7.2+£0.2
2 46.2+9.0 0.8+0.06* 0.3+0.04 8.2+0.06
Control 40.0+5.2 0.3+0.03 0.06+£0.01 6.7+0.08

Note: * — p<0.05; significant difference between experimental and control groups; enzyme activity: amylase, aspartate
aminotransferase (AST), alanine aminotransferase (ALT), glutathione peroxidase (GP)
Source: developed by the authors

Biological Systems: Theory and Innovation, Vol. 15, No. 4, 2024
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Table 3. Levels of selected biochemical parameters in cow blood with varying levels of TG radiation

Content - i ialic aci ) .
e ) Cerul&g{;’smm, Choll\fgsot/oerol, S'?A'r%gf/'fs' Protein, mg/mL | LPO, arb. unit
March
1 18.0+£3.0 112.0+9.7 141 £4.6% 131.8+7.5% 0.15+0.04
2 20.2+£1.3 82.5+10.4* 183.0+£9.5* 115.0+£7.3* 0.3+0.08
Control 22.2+£1.05 147.8+8.0 236.0+£3.3 90.5+3.3 0.43+0.07
July
1 24.5+1,2*% 235.0+8.8 150.0+11.4 114.6+5.7 1.5+£0.07*
2 24.2+3.4* 254.0+23.2 136.0+£10.8 11.6+8.4 1.3+0.07
Control 6.5+0.3 212.0+16.0 145.0+9.3 97.9+3.8 1.26+0.07

Note: * — p<0.05; in cattle blood, ceruloplasmin levels are 25.0-36.0 mg%; concentration of ceruloplasmin, total
protein, cholesterol, sialic acids, and lipid hydroperoxides (LPO; arb. unit — arbitrary units)

Source: developed by the authors

As clearly seen from the results presented in
Table 2, the activity of the studied enzymes varies
not only under the influence of radioactive iodine
but also shows a pronounced influence of feeding
conditions during the summer and spring periods.
The AST and ALT activity data in cow blood are
within the normal range or lower. Seasonal chang-
es in these parameters are particularly noticeable:
in July, the activity of these enzymes in the blood
of both the experimental and control groups is
lower than in March and below the normal range
(as shown below). In some cases, reduced AST
activity can indicate pathological conditions: liv-
er rupture, severe necrotic damage, and chronic
vitamin B6 deficiency. It is difficult to conclude
liver damage as other evidence is needed. A rapid
decrease in ALT activity with a simultaneous sig-
nificant increase in bilirubin and an increase in
prothrombin time indicates a poor prognosis and
suggests severe necrotic changes in liver tissue.
However, without information on the latter two
parameters, only predictions can be made, which
should be considered in future studies.

AST (48-108 U/L or 2.8-6.5 pmol/(hour - mL),
or 0.80-1.80 pumol/s-L) and ALT (17-40 U/L or 1.02-
2.39 umol/(hour - mL), or 0.28-0.67 pmol/s - L) rep-
resent the activity of enzymes in cattle blood (Vli-
zlo et al., 2012; Ostapchenko et al., 2019). These
enzymes, located in the cells of most organs and
systems, transfer amino groups from aspartic acid
and alanine to alpha-ketoglutaric acid. Since ami-
notransferases are not specific tests for evaluating
the condition of individual organs, the site of en-
zyme release into the blood is determined. They
exhibit high activity in the cytoplasm of cells (AST

also in mitochondria), and even minor tissue dam-
age increases their activity in serum (plasma). The
determination of AST and ALT activity in blood
serum is performed for the diagnosis of liver dis-
eases (hepatitis, hepatosis, etc.). AST activity is
determined in the blood serum of cattle and hors-
es, while both AST and ALT are determined in the
blood serum of pigs, dogs, and cats, which depends
on the degree of activity of these enzymes in the
hepatocytes of different animal species. This is be-
cause the cells of large and small animals exhibit
correspondingly high AST and ALT activity.

A comprehensive assessment of animal health
involves the dynamic study of the most common
biochemical blood parameters, which characterise
the functional activity of metabolic processes in
the body as a whole and in its individual organs.
Table 3 presents the parameters for assessing the
state of metabolic processes in the bodies of cows
exposed to varying doses of thyroid gland radia-
tion from radioactive iodine exposure. The pri-
mary focus was on biochemical parameters that
monitor the pro- and antioxidant activity of cat-
tle blood plasma and the activity of specific me-
tabolites responsible for the functional state of
individual organs, particularly the liver and other
hepato-associated deviations. Biochemical blood
parameters are quite labile parameters of the bi-
ochemical state and can fluctuate within a wide
range depending on environmental conditions
and animal husbandry practices. Logically, it was
hypothesised that the additional impact of ion-
ising radiation on the thyroid gland could cause
significant changes in the biochemical state of the
experimental animals’ bodies.
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The results of the biochemical studies confirm
the understanding of many researchers regard-
ing the significant compensatory capabilities of
organisms’ biochemical status and the strain on
certain biochemical parameters during unfavour-
able times of the year, particularly spring. This is
when a significant deviation of blood parameters
in experimental animals from the control group
is observed. It should be noted that the impact of
radiation is less pronounced than the influence
of animal husbandry conditions. Amylase activi-
ty (g/hour - L) in cows of group 1 (which received
a higher dose of TG radiation) was similar to the
control, while the values for animals in group 2
(with a 4-fold lower radiation dose) were lower in
the spring period (March). Amylolytic activity for
all three groups of cows in March was higher than
in July, which was likely primarily due to the cows’
diet in the spring and summer periods. It should be
noted that animals fed with high-starch feeds have
higher amylolytic activity than those fed with low-
starch feeds. Researchers H. Yang et al. (2012) not-
ed that the activity of bacterial amylolytic enzymes
is influenced by certain amino acids. Methionine at
a concentration of 1-2 mg/mL stimulates, while ly-
sine inhibits bacterial amylase activity and growth.

In cattle blood, the ceruloplasmin content is
25.0-36.0 mg%, as per the normal range specified
in the study by V.V. Vlizlo et al. (2012). The rela-
tive ceruloplasmin content in the blood of animals
in the experimental groups was slightly below
this normal range, regardless of the TG radiation
dose (except for the control group in July). Ceru-
loplasmin, mg%, is a key factor in neuroendocrine
regulation and the body’s natural defence against
stress, inflammation, allergic reactions, and other
diseases. This protein is a Cu-containing glyco-
protein that belongs to the acutephase proteins. It
participates in iron metabolism and haematopoie-
sis and acts as an antioxidant. It has oxidase activ-
ity, which allows it to break down biogenic amines
and other substrates, thus playing a role in neu-
roendocrine regulation. Changes in ceruloplasmin
activity usually correlate with changes in copper
ions. A sharp disturbance in copper metabolism is
observed in anaemia, where its concentration in
the blood significantly increases due to a decrease
in deionised copper content in liver tissue.

The reference values for total cholester-
ol in blood serum, according to V.V. Vlizlo et
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al. (2012), range from 2.3-6.6 mmol/L or 88.93-
255.189 mg%. Generally, cholesterol levels in all
groups (experimental and control) fall within
these reference values. Elevated cholesterol con-
centrations are observed in liver diseases with
impaired bile acid formation (hepatitis) and bile
secretion (cholestasis), lipoid nephrosis, renal
failure, ketosis, hypothyroidism, and excessive
carbohydrate and fat consumption by animals.
Hypocholesterolaemia occurs with prolonged
deficiencies in dietary fats and carbohydrates, as
well as in hyperthyroidism and liver diseases.

Researchers L.I. Ostapchenko et al. (2019) ob-
served a decrease in cholesterol content (mg%)
in spring and an increase in summer. They noted
that cholesterol is a steroid synthesised mainly
in the liver and also enters the blood from the in-
testine. Cholesterol in the blood exists in free and
bound forms. Its content in blood serum depends
on liver function. M.C. Bell (1985) indicated that
elevated cholesterol concentrations (hypercho-
lesterolemia) are observed in hyperlipidaemia,
increased serum triacylglycerol levels in liver dis-
eases with impaired bile acid formation (hepatitis,
hepatodystrophy) and bile secretion (cholestasis),
glomerulonephritis, lipoid nephrosis, chronic re-
nal failure, pancreatic tumours, ketosis, diabetes
mellitus, hypothyroidism, gout, and excessive car-
bohydrate and fat consumption by animals.

S. Pegolo et al. (2023) noted that a decrease
in serum cholesterol concentration, particularly
its esterified fraction (hypocholesterolaemia), is
observed in hepatitis, hepatodystrophy, and cir-
rhosis due to the impaired synthetic function of
hepatocytes, deficiencies in dietary fats and car-
bohydrates, and reduced lipoprotein synthesis.
They also emphasised that in hyperthyroidism,
energy metabolism is increased, leading to high-
er cholesterol consumption and, consequently, its
reduction in blood serum. Thus, changes in cho-
lesterol levels can be important markers of liver
and endocrine metabolic disorders.

S.M. Razavi et al. (2023) indicated that sial-
ic acids are important components of glycocon-
jugates and play a key role in cellular processes,
including immune response, inflammation, and
intercellular interaction regulation. The observed
trend of decreased sialic acid levels in the exper-
imental animal groups compared to the control
may result from degenerative processes in the
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central nervous system associated with impaired
biosynthesis of carbohydrateprotein complexes.
Furthermore, S.M. Razavi et al. (2023) and V. Kas-
sich et al. (2021) highlighted that changes in sialic
acid concentration can indicate acutephase in-
flammatory response disorders occurring in vari-
ous pathological conditions, including infectious
and parasitic diseases. The authors also empha-
sised the significance of sialic acids as potential
biomarkers for neurodegenerative and metabolic
disorders in animals, which aligns with other stud-
ies establishing their role in the pathogenesis of
several systemic diseases.

Protein (mg/mL) in cattle blood primarily
demonstrates hyperproteinaemia in the experi-
mental animal groups compared to the control,
although there is an isolated case of hypoprotein-
aemia in group 2 in July. Based on the analysis of
these parameters and considering general infor-
mation on protein metabolism (Koch et al., 2023),
it can be inferred that hypoproteinaemia arose
from prolonged malnutrition, alimentary osteod-
ystrophy, hypokobaltosis, chronic gastrointestinal
disorders, nephritis and nephrosis, liver cirrhosis,
or tuberculosis. Conversely, hyperproteinaemia
occurs due to protein overfeeding, ketosis, second-
ary osteodystrophy, toxicosis, liver dystrophy and
inflammation, or severe forms of diarrhoea, dehy-
dration, or acute inflammatory processes.

T. Liu et al. (2020) indicated that glutathione
peroxidase (GPx or GP, ymol glutathione/min-mg
protein) activity data suggest that biochemical
processes tend to stabilise during the summer. As
highlighted by S. Diyabalanage et al. (2020), GP is a
selenoprotein found in the cytosol (70%) and mito-
chondria (20%-30%). The enzyme’s highest activity
is in the liver, lens, adrenal glands, erythrocytes,
and pancreas, while the lowest is in muscles, the
gastrointestinal tract, testes, and connective tissue.
The enzyme protects erythrocytes from methaemo-
globin formation, premature ageing, and haemoly-
sis, and neutrophils and macrophages during the
“respiratory burst”. Inducers of the enzyme include
selenium ions (which are part of the enzyme’s ac-
tive site), copper, vitamins A, E, C, B2, female sex
hormones, and catecholamines. GP is activated in
the initial stages of stress, vitamin E deficiency, ex-
posure to ionising radiation, and the consumption
of alcohol and fatty foods. GP activity is high in the
mother’s liver and lungs, placenta, and foetal liver.

The concentration of lipid hydroperoxides
(LPO, arbitrary unit) remains within control val-
ues, as the excessive intake and consumption of
oxygen, characteristic of all types of stress, leads
to an increase in primary molecular products of
lipid peroxidation (LPO), particularly lipid hy-
droperoxides. Researchers S. Diyabalanage et
al. (2020) emphasise that most LPO is formed
from polyunsaturated fatty acids and total lipids,
and their synthesis occurs in significantly larger
quantities than the synthesis of malondialde-
hyde (MDA), although they decompose rapidly.
The maximum concentration of LPO can only be
determined at the initial stage of the reaction.
LPO levels are high in old age and increase with
physical exertion. LPO increases intracellular
calcium concentration, which is associated with
glutathione oxidation.

From the analysis of biochemical parameters
such as AST and ALT, ceruloplasmin concentra-
tion, total protein, cholesterol, sialic acids, GP, and
LPO, it can be concluded that the observed devia-
tions indicate impaired functioning of the body as
awhole and its organs, particularly the liver, which
is involved in detoxification processes. These de-
viations are the result of the formation of possi-
ble adaptive mechanisms in response to ionising
radiation and other exogenous factors and require
additional attention and study.

CONCLUSIONS

The studies conducted on the levels of thyroid
hormones triiodothyronine (T,) and thyroxine
(T, and biochemical blood parameters in cows
exposed to radioactive iodine, which resulted in
varying doses of thyroid gland radiation (40 and
10 Gray), showed that, unlike haematological pa-
rameters, these blood parameters are less inform-
ative in terms of assessing their radiosensitivity.

The analysis of T, and T, levels in the blood
plasma of the experimental cows demonstrat-
ed that their levels in animals of groups 1 and
2 fluctuated with a nearly identical pattern. How-
ever, a significant difference in triiodothyronine
levels was observed six months after radioactive
iodine exposure (0.43 * 0.03* nmol/L; p < 0.05),
and in thyroxine levels, at 10- and 20-months
postexposure (43.1+4.7* and 38.0 * 3.8* nmol/L,
respectively; p < 0.05). This is considering the
physiological ranges of T, and T, concentrations
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in cow blood, which vary throughout the year: be-
fore calving, 1.2-1.6 and 46-90 nmol/L; at the be-
ginning of lactation, 2.0-6.0 and 43-125 nmol/L;
at peak lactation, 2.3-3.5 and 57-103 nmol/L; and
the end of lactation, 2.4-3.2 and 43-86 nmol/L.
At 20 months post-radioactive iodine exposure
decreased T, and T, levels in the blood were ob-
served in hypothyroidism and liver dysfunction,
which may be contributing factors to changes in
the cows’ condition.

The studied individual biochemical parame-
ters (enzyme activities of amylase, aspartate and
alanine aminotransferase, glutathione peroxi-
dase, lipid hydroperoxide content, ceruloplas-
min, and total protein levels in the plasma of
cattle) fluctuate within wide ranges. However,
they do not always significantly and consistently
differ between groups of animals that have been
exposed to different doses of thyroid gland ir-
radiation and those that have not received sig-
nificant doses of irradiation (at levels of a few
mGy) to this important organ. A notable exam-
ple is the activity of aspartate aminotransferase
in the blood of groups 1 and 2 of cows, exposed
to different doses of 3!l thyroid irradiation (40
and 10 Gy, respectively), as well as the control
animals in spring and summer, which were with-
in the normal range (2.8-6.5 yumol/hour - mL)
or lower (in March - 1.6 # 0.08*; 1.13 + 0.05%;

Lazariev et al.

3.65%0.07, and in July — 0.8 £0.06*; 0.8 £0.06*;
0.3+0.03 pumol/hour - mL, p<0.05)

The obtained results indicate that even under
conditions of high-dose thyroid gland radiation
(40 Gy to the TG, which would be absolutely lethal
if applied to the whole animal), the body activates
powerful compensatory (adaptive) mechanisms.
These mechanisms allow for the neutralisation
of the negative effects of ionising radiation at
the organism level and the preservation of cru-
cial agricultural traits such as reproduction and
productivity. Research into changes in the body’s
antioxidant defence system and the assessment of
oxidative stress levels under chronic radiation ex-
posure is promising. Furthermore, the identifica-
tion of specific biomarkers that can serve as early
indicators of radiation damage in cattle is crucial.
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AHoTauis. Y cyyacHMX yMOBax akTyaJbHMM € BUMBUYEHHS aJalTallilfHMUX MPOILeCiB XUBUX OPTaHi3MiB,
0COO/IMBO JOCTiAKeHHST 6i0XiMiUHMX MOKa3HMKIB KpOBi Benmkoi poratoi xynoou (BPX) 3a ii Tpusanoro
YTpUMaHHS Ha 3a0pymoHeHii pagioHykiaigamMu TepuTtopii. MeTow po6oTyu 6ya0 BU3HAUUTK GioXiMiuHi
MMOKa3HMKY KPOBi, TPOaHasi3yBaTy XapaKTepHi 3MiHM, IXHiii BIUIMB Ha CTaH 3J0POB'sS TBAPMH Ta OLIIHUTYI
CTYIIeHb YPakeHHSI OpraHi3My pajioakKTMBHMMM i30TONamu iomy. BusHaueHO 6GioxiMiuHi TTOKa3HUKMU
(akTMBHICTB aminasy, acmaptat — i ananinaminorpancdepas (ACT i AJIT), rytationnepokcunasu (I'T10),
KOHIIeHTpallilo rinponepekucisainifis (I'TUI), BMicTy 1iepy/oIia3miHy, piBeHb 3arajibHOTO 6i/1Ka y rasmi
KpOBi BeJIMKOi poraToi xymo6u 3a TpaaMIiiHMMM MEeTOAaMM BMU3HAYEHHST 6ioOXiMiYHMX MOKA3HUKIB) i
BCTaHOBJIEHO, 110 iXHi 3HAYEHHS KOJIMBAIOThHCS B IIMPOKMUX MEXax, ajle BOHM CYTTEBO He BiPi3HSAIOTHCS
MK IpyIiamu TBapyMH, KOTpPi 3a3Ha/IM BIUIMBY Pi3HMUX 403 iOHi3ylouoro onpomiHeHHs (1 I'p Ha opraHi3Mm,
2 I'p Ha MITYHKOBO-KUIIKOBUI TPakT i 70 40 I'p Ha MMTOMOAIOHY 3a7103Y) 3@ PaXyHOK YOPHOOGMIbCHKUX
paZioaKTMBHMX BUIIaJaHb, BPAaxOBYIOUM PaJiOaKTMBHMIA O Ha IIMTOINOAIOHY 3aj03y, i TBapuH,
0 YTPUMYBAINCS HA BiMHOCHO YMCTilt TepuTopii, TO6TO 6€3 CYTTEBUX 103 ONMPOMiHEHHS (Ha PiBHI
nekinbkox MIp). [[poaHanizoBaHO XapaKkTepHi 3MiHM 6i0XiMiUHMX MTOKA3HUKIB Ta IMOBipHi 3MiHM CTaHYy
3I0POB’Sl i BCTAHOBJIEHO: 32 YMOB OIPOMiHEHHS IIUTONOAIOHOT 321031 Y BelMuKMx no3ax (40 I'p Ha 1113)
B OpraHi3Mi CIpallbOBYIOTh ITOTYXKHI MeXaHi3MM afarnTaliii, SKi HiBeJI0l0Tb Ha OpraHi3MeHHOMY DiBHi
HeraTMBHY Jil0 i0Hi3yr0uOi pajiariii i 36epiraroTh Taki Bask/IMBi rOCIIOAAPCHKi 03HAKY SIK BiZlTBOPIOBAHHS
i mTpomyKTUBHICTb. 3BimcH, maHi MOCTIIKEHHS MOXKYTbh OyTM MiAIPYHTIM s GOPMYBaHHS CUCTEMU
3axX0fiB pery/siiii MexaHi3MiB ajanTaiiii opraHi3aMiB 3a BIUIMBY €KOMIATOTeHHUX (GaKTOPiB

KimiouoBi cimoBa: iton crabimpHuit (27I); iiom pamioaktmBHMit (*5'1); 3abpynHeHa pamioHYKIizamu
TePUTOPIis; LIMTOIOAI6HA 3a/103a; KPOB; €H3MMHA aKTUBHICTh; 6i0XiMiuHi MOKa3HUKYU
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