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Baseline cytogenetic parameters in healthy livestock are essential for evaluating stress and mutagenic
effects under environmental conditions. This study aimed to establish reference values of genome instability
in cattle and sheep of different sex and age groups in the Almaty region. Cytogenetic analysis was conducted
on “Kazakh fat-tailed coarse-wooled” sheep and “Alatau” cattle using two minimally invasive assays: the
micronucleus (MN) test in peripheral blood erythrocytes and the cytome assay in buccal (nasal) epithelial cells.
The research quantified genome instability and described the spectrum of cytogenetic abnormalities. Baseline
values of MN were determined in both species. In cattle, MN frequency in erythrocytes and reticulocytes
ranged from 0-0.5% and 0.1-0.8%, while in nasal epithelial cells the average MN level was 0.015% and other
abnormalities reached 0.025%. In sheep, MN frequency varied from 0.1% to 1.2% (mean 0.31%). The mean
MN level in buccal epithelium was 0.028%, whereas karyological abnormalities reached 0.04%. Comparative
evaluation showed higher genome instability in females than males and in young animals versus adults,
demonstrating the influence of physiological factors. The study provides reference values for cytogenetic
biomarkers and identifies typical abnormalities in epithelial cells of farm animals. These results can support
biomonitoring programs and improve assessment of livestock genetic health under environmental and
anthropogenic stressors.
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mik) moHOepiH beneiney. S3epmmey KazaKkmbiH KyUpPbIKMbI KbLIWbBIKXYHOI KOUnapbiHa XoHe aflamay myKbiM-
Obl ipi Kapa mandapbiHa Xxypei3indi. LlumoeseHemukarbik manday nepugepusinibik kKaH apumpoyummepiHoeai
MUKPOSIOPONbIK mecm xoHe Oykkan (MypbiH) anumenul xacywanapbiHOarbl yumoma-manday adicmepi
apKbirbl Xypeaisinin, 2eHoMObIK mypakchi30biK OeHeeliiH caHObIK baranayFra xoHe yumoaeHemuKasbiK aHoMa-
nusinap crekmpid cunammayra MymkiHOik 6epdi.lpi kapa mandapda spumpoyummepdeai MUkposidponapObiH
xuiniei 0-0,5% apanbirbiHOa, an pemukynoyummepde 0,1-0,8% OeHaeliHOe 60510bl. MypbiH anumenudiHde
opmawa mukposiOponap OeHeeli 0,015%, an backa kapuonoausinblK 6y3binbicmap 0,025%-ra xemmi.
Kotinapda mukposidponap xuiniei 0,1-1,2% (opmawa 0,31%), 6ykkan anumenudiHde 0,028% OeHzeliHOe
aHbIKmanobl, an kapuosnoausnbik 6y3biisicmap 0,04%-ra OeliH xemmi. CanbicmbipMarbl manday Hamuxe-
CiHOe aHasbIK Mandap MeH Xac XaHyaprapda 2eHOMObIK mypaKcbI30biKMbIH XOfapbl €KeHi aHbIKmarnobl, 6y
usuonozusinbiK ¢hakmopnapObiH biKnanbiH Kepcemeldi. AnbiHFaH depekmep Mas wapyauwbiibifbIHOarb!
2eHemuKarbIK OeHcaybIKmbl baranay xoeHe KopuwaraH opma MeH aHmporno2eHOiKk cmpeccopriapObiH 8CepiH
bakblnay ywiH natidanaHbliybl MyMKiH.

TytiHdi ce3dep: aybi3 Kybicbl anumenudi, ipi Kapa marsn, apumpouummep, KapuosozusinbiK 6y3bl-
INibicmap, MUKpPOsiIOPOIbIK mecm, MypbiH anumesnudi, Kou.
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ba3sosble yumozeHemu4yeckue rokasamesu y 300p08biX CEefTbCKOX03AUCMBEHHbIX KUBOMHbIX 8aXKHbI
0111 OUEHKU cmpeccosbix U MymaegeHHbIX 8030elicmeull HewHel cpedbi. Llenbro Hacmoswezo uccriedosa-
Husi 6bIr0 ycmaHoerieHuUe peghepeHCHbIX 3HaYeHUl 2eHOMHOU HecmaburbHOCMmU y KPYrnHO20 U MEeSIKO20
po2amoeao ckoma pasfiudHbIX fosia U eo3pacma 8 AIMamuHCKOM peauoHe. AHaru3 rnpoeodusnu Ha osuax
nopodbl «Kasaxckas kypdroyHas epybowépcmHas» u KPC nopolsi «Anamay» C UCM0/1b308aHUEM MUKPO-
s0epHO20 mecma 8 apumpoyumax rnepughepudeckol Kposu U yumome-aHanu3a Kinemok OyKkarbHO20
(Hoco8020) anumerius, YmMo MO380/1UIO0 KOTUYECMBEHHO OUEHUMb YPOBEHb 2€HOMHOU HecmaburnbHoCcCmu u
8bISIBUMb CMIEKMP YUMO2eHemMuUYeCcKUX HapyweHul. Y KpyrnHo20 po2amoao cKoma Yacmoma MUKposidep 8
apumpouumax u pemukynouumax cocmasensna 0-0,5% u 0,1-0,8% coomeemcmeeHHO, a 8 anumersnuu
HocosoU rnoriocmu cpedHuli yposeHb Mukposioep 0ocmuezan 0,015%, npu amom Kapuosnoau4yeckue aHomasnuu
— 0,025%. Y osely, 4yacmoma Mukposidep gapbuposarna e rpedenax 0,1-1,2% (e cpedHem 0,31%), 8 bykkasib-
Hom anumenuu — 0,028%, ¢ aHomanusmu 0o 0,04%. lNokazaHo, 4mo y caMOK 2eHOMHasi HecmabusibHoCMb
8bile, YeM y camMyos, a y MosI00bIX XUBOMHbIX 8bILE, YeM Y 83POC/IbIX, YIMO ompaxaem 8/usiHue husuo-
nozudyeckux ¢hakmopos. [lonyyeHHbie peghepeHCHbIe 3Ha4YeHUs MO2ym UCMob308ambcsi 0151 6UOMOHUMO-
pUH2a 2eHeMUYeCcK020 cmamyca CeslbCKOX035UCMBEHHbIX XXUBOMHbIX U OUEHKU 8030elicmeusi MpupoOHbIX U
aHmMpOorno2eHHbIX CMPECCOPOSs.

Knrodeebie cnoea: bOykkanbHbIU anumenul, KpyrHbIU po2ambil CKOM, 3pumpoyumal, Kapuosoau-
yeckue HapyweHuUsl, MUKposiOepHbIl mecm, HOCO80U anumenud, 08ubl.

Introduction

For the successful development of domestic animal husbandry, as well as for the rational treatment and
prevention of diseases in farm animals, comprehensive and detailed studies of their health are essential.
Modern and timely vaccination is one of the fundamental mechanisms ensuring the well-being of industrial
livestock farming, along with a properly selected diet and appropriate animal housing conditions. A substantial
body of data has been accumulated regarding the use of various vaccines and vaccination schedules [1, c.
127, 2, c. 43]. Vaccination is mandatory for all animals; however, each administered vaccine induces significant
changes in the organism at both the cellular and systemic levels [3, c. 97, 4, c. 361].

Damage to the genetic apparatus of cells has been demonstrated in relation to various DNA- and RNA-
containing viruses. These phenomena have been confirmed for several viruses that cause human diseases,
including hepatitis [5, c. 17], rubella [6, c. 47], retroviruses [7], AIDS [8, c. 301], SARS-CoV-2 [9, c. 50], and
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others [10, c. 224], including certain vaccine preparations [11, c. 63]. In other words, viruses are capable not
only of inducing immunosuppressive conditions following illness and/or vaccination, but also of acting as
biogenic mutagens, triggering genetic disruptions and chromosomal rearrangements [10, c. 224]. However,
data on genome instability associated with viral diseases and vaccine preparations in animals are extremely
limited in the scientific literature [4, c. 361, 10, c. 224, 12, c. 98].

At the initial stage of research on virus-induced mutagenesis in farm animals, it is essential to investigate
the reference (baseline) values of genome instability in cattle and small ruminants. One of the key indicators
of health, genome stability, and the organism’s adaptive potential is cytogenetic homeostasis. It can be
characterized using the micronucleus test, which involves the quantitative assessment of cells containing
micronuclei and other cytological abnormalities [13, c. 25].

Micronuclei are extranuclear segments of chromatin that arise due to genetic and structural abnor-
malities, as well as dysfunction of the mitotic spindle apparatus. They are rarely formed during mitosis in normal
cells; however, if the cells exhibit genomic instability or the organism has been exposed to genotoxic agents,
the frequency of micronuclei formation increases. For this reason, micronuclei are widely used in epidemiology
and cytogenetics as biomarkers to assess the genetic profile or genome instability resulting from external
exposure or the mutagenic potential of agents capable of causing chromosomal aberrations in somatic cells
[14, c. 17].

The most convenient approaches for in vivo micronucleus analysis include the examination of
micronuclei in peripheral blood erythrocytes [15, c. 71] and the cytome assay of buccal epithelial cells [16, c.
159]. These methods are informative and minimally invasive, making them suitable for evaluating and
monitoring genetic damage in animals. Moreover, their low cost and ease of sample preparation make the
micronucleus test an ideal choice for genetic, environmental, and epidemiological research.

The aim of the present study was to assess the reference (baseline) values of genome instability in
cattle and small ruminants (sheep) of various sex and age groups in the Almaty region, as well as to
characterize the spectrum of abnormalities detected in peripheral blood erythrocytes and buccal epithelial cells.

Purpose. To establish baseline (reference) cytogenetic indicators of genome instability in healthy cattle
and sheep of different sex and age groups in the Almaty region by assessing micronuclei and karyological
abnormalities in peripheral blood erythrocytes and epithelial cells (nasal in cattle, buccal in sheep).

Tasks. To determine baseline (reference) values of micronuclei and karyological abnormalities in cattle
and sheep using peripheral blood erythrocytes and epithelial cells (nasal in cattle, buccal in sheep); to compare
baseline cytogenetic indicators across age groups in both species and sex groups in sheep; and to assess
erythropoietic activity in cattle via reticulocyte frequency and examine its association with micronucleus
frequency.

Materials and Methods

Ethical approval: This study was approved during a meeting of the Local Ethical Commission at the
Institute of Genetics and Physiology of the Science Committee of the Ministry of Higher Education and Science
of the Republic of Kazakhstan, Ne2 on May 23, 2024.

Subjects: To assess the cytogenetic status of farm animals (sheep and cattle), a micronucleus analysis
was performed in peripheral blood erythrocytes and a cytome assay was conducted in buccal epithelial cells
of sheep and nasal epithelial cells of cattle. Biological samples were collected from 37 sheep of the "Kazakh
fat-tailed coarse-wooled" breed and 16 cattle of the "Alatau” breed, representing various sex and age groups.
Cytogenetic preparations were made from the collected samples of blood and buccal/nasal epithelium.

Preparation of peripheral blood erythrocyte smears: Peripheral blood samples were collected using a
vacuum blood collection system into tubes containing K,EDTA as an anticoagulant. Smears were prepared
using standard laboratory procedures [16, c. 159]. The air-dried blood smears were fixed in 96% ethanol for
30 minutes, then air-dried again and stained with a 4% Romanowsky—Giemsa solution for 20 minutes. The
frequency of micronuclei and cytological abnormalities was evaluated in normochromic erythrocytes under a
Zeiss AxioLab A.1 microscope using oil immersion at 16x100 magnification. During cytogenetic analysis, all
structural abnormalities in erythrocytes deviating from normal morphology were recorded. Up to 20,000
erythrocytes per individual animal were examined. Photodocumentation was carried out for the most cha-
racteristic abnormalities observed in the peripheral blood erythrocytes.

Preparation of buccal/nasal epithelial cell smears: Buccal epithelial samples (from the oral cavity of
sheep) and nasal epithelial samples (from cattle) were collected using a cytobrush. After collection, the brush
was placed in a 15 mL tube containing 5 mL of physiological saline. Following vigorous shaking, the brush was
removed, and the cells were pelleted by centrifugation at 1000 rpm for 5 minutes. The supernatant was
discarded, the pellet was resuspended, and 5 mL of fresh saline was added. This washing procedure was
repeated three times. After the third wash, 0.5-1 mL of the supernatant was left, in which the cell pellet was
resuspended. The cell suspension was then applied onto microscope slides and air-dried. Staining was
performed without fixation using a 10% Romanowsky—Giemsa solution for 10 minutes [17, c. 98]. This staining
method yields clean and evenly colored preparations. The frequency of micronuclei and karyological
abnormalities was assessed using a Zeiss AxioLab A.1 light microscope at 16x40 magnification. At least 1,000
cells were analyzed for each animal.
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Assessment of erythropoiesis level: To evaluate the level of erythropoiesis, reticulocyte analysis was
performed. Supravital staining of reticulocytes was carried out using brilliant cresyl blue (BCB). In an
Eppendorf-type tube, 50 pL of BCB solution was mixed with 50 pL of blood, incubated for 1-1.5 hours at room
temperature (18-25°C), and smears were prepared using standard methods [16, c. 159]. The stained prepa-
rations were ready for analysis the following day. In this staining method, erythrocytes appear greenish-gray,
and the granular-filamentous substance (reticulum) is stained blue. The number of reticulocytes was counted
per 1000 erythrocytes and expressed as a percentage. The analysis was performed using a Zeiss AxioLab
A.1 light microscope at 16x100 magnification.

Statistical analysis: For statistical calculations, the arithmetic mean and its standard error (M£SE) were
calculated as percentages per 100 cells. The significance of differences between means was evaluated using
Student’s t-test. The threshold for statistical significance was set at p < 0.05. Statistical analysis was performed
using Microsoft Excel (Microsoft Corporation, Redmond, Washington, DC, USA).

Results and Discussion

Study of baseline cytogenetic parameters in peripheral blood erythrocytes of cattle.

A comparative analysis of the frequency of micronuclei and reticulocytes in cattle groups of different sex
and age is presented in Figure 1. Cytogenetic analysis of cattle erythrocytes revealed an average micronucleus
frequency of 0.37 £ 0.04%. Young animals exhibited a higher level of micronuclei compared to adults, likely
associated with increased erythropoietic activity in younger animals. No significant sex-related differences in
the frequency of micronuclei were observed among young cattle. It was not possible to obtain biological
samples from mature breeding bulls; therefore, it was not feasible to assess sex-based differences in
micronucleus frequency among adult cattle. An elevated level of micronuclei was observed in pregnant cows,
which may also be attributed to intensified erythropoiesis during pregnancy.

0.6

pregnant COWS heifers 6 steers 6
COWS months months

Figure 1 — Frequency of micronuclei in erythrocytes and reticulocytes
in peripheral blood of cattle of different age and sex.
Row 1 — Frequency of micronuclei in erythrocytes; Row 2 — Frequency of reticulocytes

The examined animals showed an average reticulocyte frequency of 0.2%. Elevated erythropoietic
activity above this level was observed in pregnant cows and heifers. In 6-month-old heifers, the erythropoiesis
level was significantly higher than in young bulls, indicating a sex-related difference.

A comparative analysis of micronucleus frequency and reticulocyte levels revealed a significant positive
correlation (+0.72) between these parameters in the studied animals. This indicates that the higher the
erythropoietic activity (i.e., the rate of erythroid cell division), the more frequently cytogenetic abnormalities in
the form of micronuclei occur.

Table 1 presents the reference values for micronuclei and reticulocyte content in the blood of Alatau
cattle from the Almaty region.

Table 1 — Reference values of micronuclei frequency in erythrocytes and reticulocytes in peripheral
blood of cattle of different ages and sexes

Variant Numper of cells Reference values of MN, % Reference values of
viewed reticulocytes, %
Pregnant cows 60000 0,2-0,8 0,1-0,5
Cows 50000 0,1-0,6 0,1-0,5
Heifers 6 months 60000 0,2-0,8 0,1-0,4
Steers 6 months 70000 0,2-0,6 0-0,3
Average 230000 0,1-0,8 0-0,5
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Among the cytological abnormalities, erythrocytes of atypical size were observed, primarily macrocytes
and microcytes. In some young animals, poikilocytosis was detected—an alteration in the normal shape,
thickness, and volume of cells. The most commonly observed forms were acanthocytes, echinocytes,
spherocytes, and dacrocytes (Figure 2). Such abnormalities may be associated with underlying health issues,
including anemia, helminthic infestations, and diseases of internal organs and systems.

C D

Figure 2 — Preparations of cattle peripheral blood erythrocytes; A — micronucleus; B — reticulocytes;
C — macrocyte, D — poikilocytosis in calf erythrocytes. Magnification 10 x 100

Cytome analysis in nasal buccal epithelial cells of cattle.

The cytome analysis of nasal epithelial cells in cattle revealed an average micronucleus frequency of
0.015% (Figure 3). No significant differences were observed between age or sex groups. The average
frequency of karyological abnormalities detected by the cytome assay was 0.025%. Similarly, no statistically
significant sex- or age-related differences were found. However, as with the analysis of micronuclei in
peripheral blood erythrocytes, a trend toward increased abnormalities was noted in pregnant cows and 6-

month-old heifers (Figure 3).
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Figure 3 — Frequency of micronuclei and karyologic abnormalities in cattle nasal epithelium.
Row 1 — frequency of micronuclei; Row 2 — frequency of karyologic abnormalities
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The reference values for the frequency of micronuclei and karyological abnormalities in the nasal
epithelium of cattle are presented in Table 2. The spectrum of detected abnormalities in the nasal epithelium
corresponds to that observed in buccal epithelium and includes micronuclei,
invaginations, binucleated cells, and chromatin condensation (Figure 4). The most frequently observed
abnormalities were circular nuclear indentations and early stages of cellular degradation, characterized by
chromatin condensation.

Table 2 — Reference values of micronuclei (MN) frequency and karyologic abnormalities in cattle nasal

epithelium
Variant Number of cells viewed | Reference values of MN, % Refer(_encg values,
karyologic disorders, %

Pregnant cows 6000 0,1-0,5 0,2-0,8

Cows 5000 0,1-0,5 0,1-0,6

Heifers 6 months 6000 0,1-0,4 0,2-0,8

Steers 6 months 7000 0-0,3 0,2-0,6

Average 23000 0-0,5 0,1-0,8
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Figure 4 — Cytogenetic and karyologic disorders in cattle nasal epithelium

1 — normal cell, 2 — cell with micronucleus, 3 — nuclear bud, 4 —

invagination of the nucleus,

5, 6 — circular notch, 7 — adjacent nuclei, 8 — bi-nuclear cell, 9 — nuclear vacuole, 10 — perinuclear vacuole,
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Study of baseline cytogenetic parameters in sheep.

A similar analysis of cytogenetic parameters in erythrocytes and buccal epithelial cells was conducted
in sheep. Sheep erythrocytes are among the smallest among mammals, measuring 4.2—4.4 um in diameter,
compared to 5.1-5.2 pm in cattle (Figure 5).

1 2

Figure 5 — Demonstration of different red blood cell sizes in cattle (1) and sheep (2)

The results of the cytogenetic analysis of sheep erythrocytes are presented in Table 3.

Table 3 — Micronucleus analysis of erythrocytes in sheep of different age and sex

: Number of cells Frequency of micronuclei Reference values, micronuclei
Variant . : .

viewed in erythrocytes, % frequency in erythrocytes, %
6 months109 60000 0,55+0,03* 0,5-1,2
18 months109 10000 0,20+0,04 0,1-0,3
Pregnant sheep 7 ¢ 70000 0,27%0,02 0,1-0,5
Average ¢ 230000 0,34+0,01 0,1-0,2
6 months 7 & 70000 0,40+0,02* 0,1-0,8
18 months 3¢ 60000 0,13+0,01 0,1-0,2
Average & 130000 0,26+0,01 0,1-0,8
Average 360000 0,31+0,01 0,1-1,2

p<0,05

The frequency of micronuclei in peripheral blood erythrocytes of sheep varied by age. Young animals
exhibited a higher level of micronuclei compared to adults. Among 6-month-old animals, sex-based differences
were also observed: females showed higher micronucleus frequencies than males of the same age group. The
highest levels of micronuclei were recorded in 6-month-old ewe lambs.

Among cytological abnormalities, erythrocytes of atypical size were detected, primarily macrocytes,
while microcytes were not observed. In some cases, poikilocytosis was noted in young animals, including
echinocytes, acanthocytes, and dacrocytes (Figure 6).

1 2

Figure 6 — Peripheral blood erythrocyte smears of sheep; micronucleus (1)
and poikilocytosis (2) in sheep erythrocytes, magnification 10 x 100
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The analysis of sheep blood smears stained using supravital staining to detect reticulocytes and assess
the level of erythropoiesis did not reveal the presence of reticulocytes in their peripheral blood. However, this
is not considered a pathological finding; rather, it reflects a species-specific feature of sheep erythropoiesis, in
which fully matured normochromic erythrocytes are released into the bloodstream in healthy animals. Under
conditions of increased erythropoiesis due to anemia or blood loss, reticulocytes can be detected at a level of
up to 0.05% in sheep.

Cytome analysis in buccal epithelial cells of sheep

For the cytome analysis in sheep, buccal epithelial cells (from the inner cheek lining) were collected. The
average frequency of micronuclei in the buccal epithelium of sheep was 0.028%. Age- and sex-based analysis
of micronucleus frequency revealed the same trend as observed in peripheral blood erythrocytes: females
showed higher genome instability than males, and young animals had higher rates than adults (Figure 7).

The average frequency of karyological abnormalities in the cytome analysis of sheep was 0.04%. The
highest frequency was recorded in 6-month-old animals. No statistically significant differences were found
between sexes.
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Figure 7 — Frequency of micronuclei and karyological abnormalities in the buccal epithelium of sheep.
Row 1 — frequency of micronuclei; Row 2 — frequency of karyological abnormalities

Some individual animals showed abnormally elevated levels of micronuclei, nuclear protrusions, and
apoptotic cells. These animals were identified within the "Ewe" group and were excluded from the analysis, as
they likely exhibited underlying health issues. The reference values for the frequency of micronuclei and
karyological abnormalities in the buccal epithelium of sheep are presented in Table 4.

Figure 4 shows microphotographs of buccal epithelial cells, which differ morphologically and in the range
of karyological abnormalities from nasal epithelial cells. These cells are generally larger, irregular in shape,
have a lower nucleus-to-cytoplasm ratio, and exhibit a broader spectrum of karyological abnormalities. The
detected abnormalities included nuclear buds, protrusions, binucleated cells, cytoplasmic and nuclear
vacuolization, chromatin condensation, apoptosis, and degenerative changes.

Table 4 — Reference values for micronucleus frequency and karyological abnormalities in the buccal
epithelium of sheep of different age and sex

Variant Numper of cells Reference values of MN. % Referencg values, karyologic
viewed disorders, %

6 months109 6000 0,1-0,4 0,1-0,8
18 months109% 1000 0,1-0,5 0,2-0,4
Pregnant sheep 7 @ 7000 0,1-04 0,2-0,6
Average ¢ 23000 0, 1-0,5 0,1-0,8
6 months 7 & 7000 0, 1-0,7 0,2-1,3
18 months 32 6000 0, 1-0,7 0,1-0,8
Average & 13000 0, 1-0,7 0,1-1,3
Average 36000 0, 1-0,7 0,1-1,3
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10 11 12

Figure 8 — Cytogenetic and karyologic disorders in buccal epithelium of sheep oral cavity
1 - normal cell, 2 — micronucleus, 3 — invagination of nucleus, 4 — circular notch, 5 — protrusion of “bubble” type,
6 — protrusion of “tongue” type, 7 — protrusion of “broken egg” type, 8 — lobed nucleus, 9 — adjacent nuclei,
10 - binuclear cell, 11 — perinuclear vacuole, 12 — chromatin condensation

In recent years, morphometric [18, c. 1130] and genetic criteria [19, c. 143] have been increasingly used
to assess genome instability, health status, and the organism’s sensitivity to biotic and abiotic factors of various
origins. The primary method for evaluating mutagenic effects is the analysis of unstable chromosomal
aberrations, which result in the formation of micronuclei.

Changes in micronucleus frequency in the studied animal groups allow for the assessment not only of
the degree of mutagenic exposure but also of individual, genetically determined sensitivity to mutagens,
infectious agents, and pharmaceuticals. This, in turn, enables the identification of at-risk health groups. It is
well known that the degree of mutagenic impact is assessed based on the baseline (control) values of
cytogenetic indicators, particularly micronucleus frequency. According to various authors, this indicator varies
over a fairly wide range: for sheep, from 0.33% to 0.87%; and for cattle, from 0.46% to 1.8% [20,c. 34].
Moreover, differences in micronucleus frequency among animals may be influenced by various factors.

In recent years, morphometric [18, c. 1130] and genetic criteria [19, ¢. 143] have been increasingly
applied to assess genome instability, health status, and the organism'’s sensitivity to various biotic and abiotic
factors. The main method for evaluating mutagenic effects remains the analysis of unstable chromosomal
aberrations, the consequence of which is the formation of micronuclei.
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Changes in micronucleus frequency among studied animal groups make it possible to assess not only
the degree of mutagenic exposure but also the individual, genetically determined sensitivity to mutagens,
infectious agents, and pharmaceutical substances, thereby allowing for the identification of risk groups in terms
of health status. It is widely recognized that the degree of mutagenic exposure is evaluated based on baseline
(control) values of cytogenetic indicators such as micronucleus frequency. According to various authors, this
parameter varies within a fairly broad range: from 0.33% to 0.87% in sheep, and from 0.46% to 1.8% in cattle
[20,c. 34]. It has also been reported that the differences in micronucleus frequency among animals may depend
on various factors.

For example, statistically significant differences in the frequency of erythrocytes with micronuclei have
been reported between Birlik-type (0.52%) and Suyunduk-type (0.33%) Edilbaev sheep. The authors attribute
this to the higher adaptive potential of Suyunduk sheep to adverse environmental conditions compared to Birlik
sheep [20,c. 34]. Other studies have reported variations in micronucleus frequency depending on age and sex
within the Romanov sheep breed: 0.48% in ewes, 0.56% in rams, and 0.87% in lambs [20,c. 34]. Our results
support these findings, showing a higher frequency of micronuclei in young animals (0.5%) compared to adults
(0.17%). According to the literature, the most pronounced age-related differences are observed in lambs during
the hematological crisis, especially on the first day of life, when many physiological and hematological
adjustments occur during and immediately after birth [21, c. 106352]. These indicators can be explained by
several factors: First, the relative immaturity of the cellular component of the immune system in young animals,
which is responsible for eliminating erythrocytes with micronuclei; Second, the selective breeding of only the
healthiest and most valuable animals; And third, the naturally higher level of erythropoiesis in young stock. In
support of the latter, we demonstrated a statistically significant positive correlation (+0.72) between reticulocyte
frequency and the level of micronuclei in the animals examined.

The study by Elkina et al. [22, c. 136] showed a significantly higher frequency of micronucleated
erythrocytes in domestic livestock species compared to musk oxen. There is also evidence of greater genome
instability in animals with high milk productivity and elevated red blood cell parameters compared to less
productive individuals [19, c. 143]. These results are consistent with the findings of Santovito (2024) [23, c.
93], which demonstrated not only breed-related differences in cytogenetic abnormalities among dogs but also
a significantly higher frequency of such abnormalities in purebred dogs compared to crossbreeds.

Studies demonstrating varying levels of genome instability in farm animals living under different
environmental conditions are not surprising and serve several important functions. They provide insight into
the animals’ genomes and their adaptive potential, as micronucleus frequency has been shown to correlate
with the oxidative stress index [24, c. 503170]. In addition, such animals can be used as bioindicators to assess
the ecological status of the region under study [25,c. 138058].

An additional parameter associated with both physiological condition and cytogenetic indicators is the level
of erythropoiesis, which reflects the regenerative activity of the bone marrow. This can be evaluated by the
content of reticulocytes in the blood [16, c. 159, 26]. Reticulocytes are young erythrocytes found in small amounts
in peripheral blood. Unlike mature erythrocytes, they contain residual RNA and mitochondria, aggregated into a
granular reticular structure (reticulum), which is revealed through supravital staining of blood smears. As
erythrocytes mature, this reticular network disappears. Accelerated erythropoiesis is characterized by an
increased proportion of reticulocytes, while suppressed erythropoiesis results in a decrease. Depending on the
degree of maturity, five types of reticulocytes are distinguished: 1 — with a nucleus and granularity in the form of
a dense ring around it; 2 — with a granular-reticular structure resembling a tangle; 3 — with dense network-like
granularity; 4 — with thread-like granular-reticular material; 5 — with isolated granules located in different areas of
the cytoplasm. Under normal conditions, nearly 80% of reticulocytes belong to types 4 and 5 [27, c. 27].

The presence of type 1-3 reticulocytes in blood smears indicates enhanced regeneration of erythroid
cells. High reticulocytosis is typically observed in cases of blood loss and hemolytic anemias.

As an alternative to cytogenetic analysis of lymphocytes and peripheral blood erythrocytes, the cytome
assay (analysis of micronuclei and karyological anomalies) in epithelial cells offers an even less invasive
method for assessing genetic status. Compared to lymphocytes, epithelial cells have a limited capacity for
DNA repair; therefore, buccal and nasal epithelial cells may more accurately reflect genome instability events
[28, c. 241]. Being in direct contact with inhaled and ingested genotoxic agents, epithelial tissues are the first
to exhibit their mutagenic effects, and the frequency of micronuclei and karyological abnormalities can reveal
pathological changes long before clinical symptoms appear [28, c. 241, 29, c. 76].

In theory, any epithelial tissue (e.g., cervical, vaginal, esophageal, urethral, urinary tract, conjunctival,
nasal, buccal, bronchial epithelium, etc.) can be used for micronucleus assessment. However, buccal and
nasal mucosal cells are more accessible and preferred for cytome analysis, as they represent the first line of
contact with many hazardous substances and infectious agents. It is important to consider the characteristics
of each epithelial tissue, as they differ in both micronucleus frequency and the spectrum of cytological
abnormalities. In our study, nasal epithelium was used for cattle due to technical constraints.

The analysis of buccal epithelium is widely used in human studies. In animals, especially farm animals,
this method is only beginning to be applied for assessing genome instability and the general health status of
the organism. Therefore, establishing reference values and the spectrum of detectable abnormalities is an
important step toward promoting its broader use. Moreover, the micronucleus assay results in peripheral blood
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erythrocytes and buccal/nasal epithelial cells in small and large ruminants show strong correlations—+0.75 and
+0.88, respectively. This correlation has also been demonstrated in the literature, such as in a study on mice
under stress, where sharp changes in erythrocyte electrophoretic mobility were accompanied by an increase
in epithelial cells showing various pathological alterations [30, c. 108]. However, one should take into account
the different response times to induced exposure. While the timing of response is not critical for evaluating
baseline indicators or chronic effects, it becomes a significant factor when assessing acute exposure. In
erythrocyte micronucleus analysis, the time between exposure and the first observable increase in
micronucleated erythrocytes in the bone marrow is typically between 8 and 12 hours. Considering erythrocyte
maturation, the initial appearance of micronuclei in peripheral blood can be expected after 24—36 hours,
followed by a decline [31, c. 7]. The stratified squamous non-keratinized nasal and buccal epithelium is rene-
wed by the division of basal layer cells, where micronuclei are initially formed. As basal cells mature, they
gradually migrate to the surface layer, which is used for cytological analysis. The time required for basal cells
to reach the surface is individual and depends on the nature of the exposure. Various researchers estimate
that buccal epithelial cells reach the surface layer within 3-14 days and may exhibit nuclear damage during
this time. Therefore, the optimal observation period is 5-10 days after exposure, with a return to baseline levels
within 2—-3 weeks [29, c. 76]. Thus, in response to acute exposure, it takes approximately one week for aberrant
buccal epithelial cells to mature and appear in the surface layer for detection.

Another important consideration in cytome analysis in animals is the following. In studies involving human
buccal epithelial cells, significant attention is paid to recording destructive nuclear abnormalities (karyopyknosis,
karyorrhexis, and karyolysis), which are then used to calculate the repair index, reflecting the dynamics of
carcinogenesis. However, before collecting epithelial samples, human subjects are typically instructed to rinse
their mouths several times to eliminate naturally aging and dying cells. In animals, this is practically impossible,
even when using flushing tools. Therefore, the analysis of destructive abnormalities in buccal and nasal
epithelial cells in animals is not reliable, and these types of abnormalities should be excluded from evaluation.
Another observed feature in cattle is the presence of occasional buccal epithelial cells in samples collected from
the nasal cavity. This is likely due to the animals licking their noses, leading to the transfer of buccal epithelial
cells into the nasal passages. As a result, such cells should be differentiated during the analysis of nasal
epithelium in cattle — a task that typically poses no difficulty — and excluded from the evaluation.

Conclusion

The cytogenetic analysis of preparations from sheep and cattle established baseline values for
micronuclei and karyological abnormalities. It was found that the reference cytogenetic indicators in healthy
animals vary by sex (in sheep) and age (in both sheep and cattle). In adult animals, these values were lower
than in young animals, likely due to increased erythropoietic activity in the latter. In sheep, males exhibited
lower cytogenetic indices compared to females. A few individual animals showed elevated levels of cytogenetic
abnormalities, which may be associated with subclinical health issues and/or feeding or housing conditions,
although no clinical symptoms were observed at the time.
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MeMrekemmiK KecCinopHbIHbIH 2eHeEMUKaslblK MOHUMOPUHE 3epmxaHachlHbIH afa fbifibIMU Kbid3Memkepi, Ka-
3akcmaH Pecniybnukacel 050060, Anmvamsi K., On-®apabu daHr 93, men.: 87773868729, e-mail:
labgenmon@mail.ru.

Asusbekosa [uHapa 3OnmypadosHa* — masucmp, KazakcmaH Pecriybnukacbl fbiribIM XoHe Xofapbl
6inim mMuHucmpiniei fbinbiM KoMumemiHiH «eHemuka xeHe u3uonoa2ust UuHCmumymsal» pecrybnukarnsik
MeMIIeKemmiK KoCinopHbIHbIH 2eHemuKarsiblK MOHUMOPUH2 3epmxaHachlHbIH Kili fbIbIMU KbI3MemKepi,
KasakcmaH Pecnybnukacei 050060, Anmambl K., ©n-®apabu danr, 93, men.. 87078943861, e-mail:
azizbekovad@gmail.com.

Hypanuee Cepukbal KeHxebaesud — PhD, ara rbinibiMu Kbiamemkep, ['eHemuKkasbiK MOHUMOPUHE
3epmxaHachbl, KazakcmaH Pecrybriukachl fbifbIM XeHe xoFapbl 6iniM MuHUcmpirieiHiH fbirabiM KOMUmemiHiH
«eHemuka xoeHe uauosoauss UHCMUMymbl» pecrybrukanblKk MeMIeKemmik KocinopHbl, KasakcmaH
Pecnybnukacsi 050060, AnmMamel K., ©n-@apabu OaHF, 93, e-mail: nur-kenzhe@mail.ru.
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BETEPUHAPWUA FblJIbIMOAPDI BETEPUHAPHBbIE HAYKU

YepedHuyeHko OkcaHa eHHadbesHa — kaHOuOam 6uoo2u4ecKux Hayk, eeldyuwuli Hay4YyHbIl compyod-
HUK nabopamopuu 2eHemu4ecko2o MoHumopuHaa PecrnybnukaHckoeo ocydapcmeeHHo20 npednpusimusi
«MIHcmumym eeHemuku u ¢pusuonoeuuy Komumema Hayku MuHucmepcmea HayKu u ebicuie20 obpal3osaHusi
PK, Pecnybnuka KaszaxcmaH, 050060 e. Anmamel, yn. anb-®apabu 93, men.: 87059541482, e-mail:
cherogen70@mail.ru.

lMumnoauHa AHacmacusi JleoHuGosHa — mazucmp, cmapwul Hay4YHbIl compyOHUK nabopamopuu
eeHemu4ecKkoeo MoHUmMopuHeaa PecrnybnukaHckoeo ocyOapcmeeHHo20 npednpusmus «MIHecmumym 2eHe-
muku u gusuonozuu» Komumema Hayku MuHucmepcmea Hayku u ebiclueao obpasosaHusi PK, Pecriybriuka
Kasaxcman, 050060 2. Animamebl, yn. anb-®@apabu 93, men.: 87773868729, e-mail: labgenmon@mail.ru.

Asusbekosa [uHapa OnmypadosHa* — masucmp, Mnadwul Hay4Hbili compyOHUK rabopamopuu
2eHemuy4ecKkoeo MoHuUmopuHea PecrnybriukaHckoeo ocyGapcmeeHHo20 npednpusamus «MIHecmumym eeHe-
muku u gusuonozuu» Komumema Hayku MuHucmepcmea Hayku u ebiclueao obpasosaHusi PK, Pecnybriuka
Kasaxcman, 050060 2. Anmamei, yn. anb-®apabu 93, men.: 87078943861, e-mail: azizbekovad@gmail.com.

Hypanuee Cepukbali KeHxebaesuy — PhD, cmapwul Hay4YHbIl compyOHUK nabopamopuu 2eHemu-
4yeckoeo MoHUmMopuHeaa PecnybnukaHckoz2o [ocydapcmeeHH020 npednpusamus «MHecmumym 2eHemuKku u
¢usuonozuu» Komumema Hayku MuHucmepcmea Hayku u 8bicwez2o obpasogaHusi PK, Pecriybnuka Kasax-
cmaH, 050060 e. Anmamel, yn. anb-®apabu 93, e-mail: nur-kenzhe@mail.ru.
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