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Aim. The aim was to study the differences in three traits of nucleoli in interphase leukocytes of two rab-
bit breeds and a hybrid thereof. Methods. Doe rabbits, 4-month -old, from Ukrainian breed Poltavske Sriblo
(n = 30), Californian (n = 25), and their hybrid (n = 21) were used in the experiment. The nucleoli in intact
blood leukocytes were stained using silver staining according to Howell and Black (1980). Stained cells were
observed, and their nucleoli counted in light microscopy at 10x100 oil immersion magnification. 200 leukocytes
from each animal were analyzed. The activity of nucleoli was evaluated by the following parameters: the aver-
age number of nucleoli in the nucleus (nNO), the total area of nucleoli in the nucleus (XS, mcm?), the share
of nucleolus area in the lymphocyte nucleus area (shZS,, %). Statistical analysis was conducted using the
STATISTICA software package (2020). Results. The average number of nucleoli per cell varied from — 1.70 +
0.08 in Californian rabbits to 5.90 + 0.29 in hybrid animals. A statistically significant difference (p < 0.05) was
found between the experimental groups of purebred and hybrid rabbits. The variation coefficient for the index
of the average number of nucleoli per cell was on the average level of variability: 20.58 % for the rabbits of
Poltavske sriblo breed, 19.50 % for Californian rabbits, and 16.49 % for hybrid ones. The total area of nucleoli
in the cells of all the investigated animals varied from 5 um? in one Californian rabbit to 12 um? in animals of
hybrid origin. The share of the nucleolus area in the nucleus area for rabbits of Poltavske sriblo, Californian, and
hybrid breeds was 26.10 + 1.80 %, 24.30 £+ 1.62 and 29.40 = 2.50, respectively. Conclusions. Polymorphism
was observed for three nucleolar parameters after silver staining of interphase leukocytes of rabbits of Poltavske
sriblo, Californian breed and their hybrid. This concerned 1) the average number of nucleoli (p < 0.05); 2) the
total area of nucleoli (p < 0.05); 3) the average share of the nucleolar area in the nucleus area (p < 0.05). The
results of our comparative analysis of the investigated nucleolar activity parameters suggest a higher activity
of nucleoli in the animals of hybrid origin. In the future, the results of such studies may be used to assess the
potential ability of animals to implement productive traits.
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INTRODUCTION

Domestic rabbits (Oryctolagus cuniculus f. domesti-
cus) are considered a valuable farm species due to their
high-quality dietic meat, high meat performance and
early maturity. The Food and Agriculture Organiza-
tion (FAO) distinguishes domestic rabbits as one of the
“golden five” mammal species which form the basis for
the agrarian civilization (FAO, 2015). There are more
than 300 breeds and species groups in 70 countries
where rabbits are reared, which differ considerably in
terms of their productivity directions and breeding con-
ditions (FAO, UN, Domestic Animal Divessity Infor-
mation System) http://www.fao.org/dad-is/dataexport).

Similar to the global tendency, rabbit breeding in
Ukraine is increasing, and it is expected that the de-
mand of rabbit meat will increase and that the produc-
tion will rise by 2 % (up to 2 million tons by 2025)
(https://meat-inform.com/novyny-pro-miaso/u-sviti-
zrostaie-popyt-na-kroliatynu.html).

To achieve these goals, it is necessary to introduce
modern methods of managing the genetic resources
of rabbits based on novel approaches to investigating
their genetic structure (Fontanesi, 2021). This involves
breeding using molecular marker assisted selection
(MAS) involving microsatellites and single nucleotide
polymorphisms, whole genome sequencing, quantita-
tive trait locus analysis (QTL analysis), among others
(Viryanski et al, 2021).

The cytogenetic study of structures of the cell nucle-
us, including the functional state of its nucleoli-con-
taining loci, plays a relevant role in comprehending
the processes of DNA and RNA synthesis (Yahaya et
al,2019; Hirai, 2020).

The nucleoli are structural elements of the cell nu-
cleus and function as ribosome factories. A nucleolus
is a dynamic organelle, the structure of which reflects
the processes related to the biogenesis of ribosomes. Its
sizes and components change depending on the activity
of the cell and the stage of the mitotic cycle (Jaecker et
al, 2022; Cmarko et al, 2008).

The nucleolus is well discernable in the cell nucleus
in the interphase stage. The entire material of the nucle-
olus is the derivative of nucleolar organizers, so-called
NORs (Bersaglieri and Santoro, 2019). The method
of in situ hybridization was used to demonstrate that
the nucleolar organizer is an area of the chromosome
containing clusters of ribosomal genes for 18S, 5,8S,
and 28S rRNA. The clusters of rDNA occupy some
regions in some karyotype chromosomes, which were
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called “nucleoli-organizing chromosomes” (NO-chro-
mosomes) (McStay, 2016; Cockrell, 2022; Hori et al,
2023). The NORs are associated with acid non-histone
proteins (C23, B23, UBF, and RNA-polymerase),
which are argentophil and can be stained with silver
nitrate (AgNO,) (Pich et al, 1995; Ahmad et al, 2019).

The active state of the nucleolar apparatus in the in-
tact leukocyte cells, including lymphocytes, has also
been studied (Iolchiev et al, 2021).

These cells have a nucleus, and they are some of the
most complicated and functionally active ones in the
blood of mammals. They take signals about any chang-
es in homeostasis, adjusting their activity to maintain
biological balance (Moro-Garcia et al, 2018). These
cells are at the basis of the immune system response,
making leukocytes the indicators of the state of the or-
ganism as a whole (Bellingan, 2000). It was shown that
the size of the nucleolus reflected the activity of rRNA
genes, for instance, it correlated with the activity of cell
division (Mosgoeller 2004) and increased synthesis of
ribosomes (Nakamoto et al, 2001).

Similar to other species of animals, the nucleolar or-
ganizers of the domestic rabbit (Oryctolagus cuniculus
domesticus) were studied in metaphase chromosomes
(Martin-DeLeon, 1980; Monteagudo, Arruga, 1991), to
our knowledge only one study was performed on inter-
phase nucleoli staining in rabbits (Ivanov et al, 2009).

Taking this into consideration, in this study, we
aimed to investigate the differences in three traits of
nucleoli in intact leukocytes in two purebred and one
hybrid rabbit reared in Ukraine, viz: the average num-
ber of nucleoli in the nucleus of all samples per breed
or hybrid, their total area in the nucleus, and the share
of the nucleolar area in the leukocyte nucleus.

MATERIALS AND METHODS

The study was conducted at the Department of Genet-
ics and Biotechnology of Animals of the M.V. Zubets
Institute of Animal Breeding and Genetics, the NAAS,
and the Genetics Laboratory of the Cherkasy Station of
Bioresources, the NAAS.

In this study, we used 4-month-old does from Pol-
tavske sriblo (30 animals), Californian (25 animals)
breeds and their hybrids (21 animals). The experimen-
tal rabbits were kept in clean and dry cages in com-
pliance with the optimal parameters for microclimate,
feeding, and care. The combined diet was used to feed
the animals, including 70-75 % of concentrated fodder,
10-15 % juicy fodder and 15-20 % rough feed.
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Blood samples (3 ml) were collected by puncturing
the auricular vein before feeding them in the morn-
ing and collected into the tubes with anticoagulant (S-
Monovette, Germany).

The nucleoli in leukocytes were studied on smears of
peripheral blood fixed with methyl alcohol. The inter-
phase leukocytes were stained according to the method
described by Howell and Black (1980) and Ploton et al
(1986). The preparations were stained with 150 pl of
the 50 % solution of AgNO, and 100 ul of 1 % solu-
tion of formic acid and incubated in the wet chamber of
the thermostat at +60° C for 40-60 min. After washing
the preparation with distilled water, the preparation
was fixed with 70 % methyl alcohol for 10 min and
additionally stained with 1 % solution of Giemsa stain
(ready-to-use product, Merck, KGaA, Germany). The
stained preparations were analyzed using a Zeiss Ax-
iostar plus microscope (Germany) with a magnification
of 10 x 100, usding a 100x oil immersion objective
with a n.a. of 1.25. The nuclei were stained yellow and
nucleoli — dark brown. A limited number of cells, their
nuclei and nucleoli were observed and measured, then
average values were calculated for each experimental
group of animals.

To estimate the possible activated state of nucleoli
in interphase nuclei, we calculated (after counting)
the average number of nucleoli in the nucleus of all
samples per breed or hybrid (nNO), their total area in
the nucleus (XS ,, um), and the share of the nucleolar
area in the lymphocyte nucleus (shZS, %). The area
of nucleoli and nuclei of leukocytes was measured us-
ing a calibrated ocular micrometer (Zeiss WF10X).

The statistical processing of the obtained data was
conducted using standard programs of variation statis-
tics from the STATISTICA software package (StatSoft
Inc. USA, version 14.00.15, 2020). Significance test-
ing was performed using Fishers exact test at a p va-
lue <0.05.

RESULTS OF STUDIES

After staining with silver nitrate, two types of cells
were distinguished in the leukocytes population of the
peripheral blood of rabbits: 1) leukocytes in the state
of dormancy, which did not have clearly manifested
nucleolar structures, and 2) leukocytes with active nu-
cleoli (Figure)

The Figure shows silver stained structures in the
leukocytes which, in our opinion, correspond to
nucleoli, in mitogen-stimulated chromosomes. The
number of active nucleoli in the cell varied from 1
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to 9. The size of nucleoli and their staining intensity
were different.

Staining with silver nitrate therefore can be used to
indicate nucleoli in interphase leukocyte, especially
for counting the number of nucleoli in each leukocyte,
and the measurement of the area of active nuclear
structures.

The main characteristics of nucleoli in the leuko-
cytes of rabbits from the investigated groups are pre-
sented in Table. It was found that the average num-
ber of nucleoli per cell varied from 1.70 £ 0.08 in
the group of Californian rabbits to 5.90 = 0.29 in the
group of hybrid animals. The cells with three nucleoli
were the most common. No statistically significant
difference was found regarding the average number
of nucleoli per cell between the investigated groups
of rabbits, Poltavske sriblo and Californian. The av-
erage number of nucleoli in the investigated group
of hybrid rabbits statistically significantly exceeded
the same parameter for purebred animals of two other
groups (p < 0.05).

The average number of nucleoli per cell was in the
range of 2.0-2.9 (Table).

Animals of hybrid origin statistically significantly
(p < 0.05) exceeded the animals from other investigat-
ed groups — purebred rabbits of Poltavske sriblo and
Californian breeds regarding the number of cells with
nucleoli in an active state.

We found higher values of parameters, characterizing
the activity of nucleoli, in the investigated rabbits of
interbreed hybrid origin. This suggests a higher level
of RNA synthesis in cells.

The index of the total nucleolar area in cells for all
the investigated animals was found to be rather vari-
able, from 5 um? in one Californian rabbit to 12 pm?
in a hybrid animal (Table).

The determined share of the nucleolar surface area in
the total surface nucleus area showed that the nucleoli
covered about one third of the latter surface. This in-
dex fluctuated from 26.1 % for the rabbits of Poltavske
sriblo breed to 29.4 % for hybrid rabbits (Table).

Statistically significant higher values of nucleolar pa-
rameters were found in the group of rabbits of hybrid
origin than in the investigated groups of purebred rab-
bits from Poltavske sriblo and Californian breeds. This
was for the average number of nucleoli (p < 0.05), the
total area of nucleoli (p < 0.05), and the average share
of the nucleolar area in the nucleus area (p < 0.05)
(Table 1). No statistically significant differences were
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c

The nucleoli-containing leukocytes of the peripheral blood of rabbits. Staining with silver nitrate. Magnification: 10 x 100.
la — lymphocytes with active nucleoli; 2¢ — lymphocytes in the state of dormancy, which did not have clearly manifested

nucleolar structures

Numerical values for the nucleoli in intact leukocytes of purebred and hybrid rabbits

Measurement parameters

Average number of nucleoli per cell, n
Total nucleolar area in the nucleus, um?
nucleolar area/ nucleus area x100, %

Breed
Poltavske sriblo Californian Hybrids
2.97 £0.48 2.85+0.50 3.51 £0.68
8.70 + 1.40 8.32+1.98 9.33+1.90

found between the investigated groups of purebred ani-
mals for these three parameters.

DISCUSSION

In recent years, the study of the physiological activ-
ity of NORs is used in medicine for prognostic purposes
and diagnostics of diseases (Derenzini et al, 2009; Doni-
zy et al, 2017; Ahmed et al, 2020; Ronnau et al, 2023).

For instance, an index of the number of NORs may be
used as a relevant marker in the study of tumors (Shar-
ma, Kumar, 2016). Malignant neoplasms have a higher
number of NORs, which reflects the activity of cell
division and is a sign of bad prognosis (Cabrini et al,
1992). An efficient and reliable method of quantitative
evaluation of the risk of neoplastic transformation of
lungs is believed to be the method of Ag-banding, used
in staining the nucleolar organizers in chromosomes
(Ahmed et al, 2020). Some scientific publications also
describe the investigations of the association between
NORs activity and human aging (McStay, 2016).

The morphology and chromosomal localization of
nucleolar organizers was studied in metaphase chro-
mosomes of different species of farm animals: cattle
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(Jantarat et al, 2012; Dzitsiuk et al, 2021), buffaloes
(Iannuzzi et al, 1996; Dzitsiuk et al, 2018), sheep (D1
Meo et al, 1993), pigs (Ernst et al, 2009), goats (Di
Meo et al, 1991; Andraszek et al, 2009), etc.

In some investigations, the researchers came to the
conclusion about the association between the param-
eters of nucleolar organizers and the features of well-
being and performance in farm animals. For instance,
Delany et al (1994) studied the polymorphism of the
parameters of NORs in different chicken populations
and believed that the future investigations on the size
of the cluster of rRNA gene, the size of the nucleolus
and rRNA synthesis would define the degree of the ef-
fect of rDNA variations on such relevant variables as
viability, growth, and development in chicken popula-
tions, created for different purposes.

In their study of the karyotype of goats, Klenovitskiy
et al (2019) demonstrated a positive correlation be-
tween the number of clusters of rRNA genes and the
number of nucleoli in intact leukocytes. The authors
also reported a reliably higher number of nucleoli in
the leukocytes of hybrids, obtained from cross-breed-
ing Romanivska goats with Ovis ammon argali as com-
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pared to the purebred Romanivska goats (Klenovitskiy
etal, 2021).

While conducting the cytological study of chinchilla
(Chinchilla lanigera), Oznurlu (2011) concluded that
the increase in the number of nucleoli in the interphase
nuclei meant cell hyperactivity, the velocity of prolif-
eration, and the secretory activity of the cell. They be-
lieved that the area of argirophile NORs was a prognos-
tic feature of fur quality.

Similar to other species of animals, the study of NORs
in domestic rabbits (Oryctolagus cuniculus domesti-
cus) was conducted using preparations of metaphase
chromosomes (Martin-DeLeon, 1980; Monteagudo,
Arruga, 1991). As for the study of nucleoli in the in-
terphase leukocytes of the peripheral blood of rabbits,
we have found only one report about them (Ivanov et
al, 2009).

CONCLUSIONS

Polymorphism was observed for three nucleolar pa-
rameters after silver staining of interphase leukocytes
of rabbits of Poltavske sriblo, and Californian breed
and their hybrid. This concerned: 1) the average num-
ber of nucleoli (p < 0.05); 2) the total area of nucleoli
(p <0.05); 3) the average share of the nucleolar area in
the nucleus area (p < 0.05).

The results of our comparative analysis of the inves-
tigated nucleolar activity parameters suggest a higher
activity of nucleoli in the animals of hybrid origin.

In the future, the results of such studies may be used
to assess the potential ability of animals to implement
productive traits.
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Merta. [locnimKeHHS BIIMIHHOCTEH TPhOX O3HAK s/IEpelb
B iHTep(a3HUX JISHKOLMTAX ABOX MOPIJ KPOIIB Ta iX MoMi-
ceil. Meroan. B excriepuMeHTI BHKOPHUCTOBYBAIHA CaMHIIh
KpOJIiB BIKOM 4 MICSILIB YKpaiHCBKHUX TIOPiJ: IOJITABCHKE
cpi6mo (n = 30), xamidopHiiicekoi (n = 25) Ta iX momicei
(n = 21). Slnepus B IHTaKTHHUX JIEHKOIMTaxX KpoBi (apOy-
BajgM a30THOKHCAMM cpibmom 3a Howell 1 Black (1980).
Snepus y siapax JTSHKONUTIB MiAPAaXOBYBAIH i/l CBITIIOBHM
MIKPOCKOIIOM 3 MAacIISTHOIO iMepcieto 3a 30inbienns 10x100.
Byno mpoanamizoBano 200 NeHKOIUTIB BiJ KOXXHOI TBa-
PUHH. AKTHBHICTH S/I€pelb OLIHIOBAIM 33 TaKMMH I10-
Ka3HHKaMHU: CepenHs KUIbKICTh saepenb y sapi (nNO),
3aranpHa Iioma saepelb y sapi (ESNO, mkwm?), yactka
wionl saepens y ol sapa jgiMmponurta (shESNO, %).
CrarucTHUHUN aHali3 TPOBOJAWIM 32 JIOMIOMOTOI0 Ma-KeTy
nporpam  STATISTICA (2020). Pesyabtatn. Cepenns
KUTBKICTh sZiepenh Ha KIITHHY KonmuBamacs Big — 1,70 =+
+ 0,08 y xamidopHniiicbknx kponukis 10 5,90 + 0,29 y mo-
MICHUX TBapWH. BCTaHOBIEHO CTATUCTHYHO 3HAYYILY Pi3-
auo (p < 0,05) Mk JOCTITHAME TPyIIaMH YHCTOIIOPOIHUX
i momicHuX KponiB. KoedimieHT Bapiamil Moka3sHHKa cepel-
HBOI KIJTBKOCTI siZieperb Ha KIITHHY OyB Ha CEpeIHBOMY
PiBHI MIHJIMBOCTI: Y KpOJIB HOPOJH TOJITABChKE CpPibiIo —
20,58 %, y xamidopHniiicekux — 19,50 %, y nmomicHuX —
16,49 %. 3arampHa IUIOMA SACpPelb y KIITHHAX YCiX
JOCIIDKEHUX TBApMH KOJMBAjgacs Big 5 MKM? B OIHOTO
Kani(pOpHIHCHKOT0 KpoiMka 10 12 MKM? y TBapuWH MOMic-
HOTO TOXO/KCHHs. YacTka IUION[i siaepisl y IUIONI sapa
JIEHKOIMTa y KPOINIB IIOpiJ MONTAaBChKE Cpidio, Kamidop-
HificbKOI Ta mnoMmicHuX cranoswia 26,10 = 1,80 %,
2430 + 1,62 ta 29,40 + 2,50 BigmosimHO. BHCHOBKH.
[Micns  ¢apOyBanHs cpibnom iHTEpa3HUX JICHKOIHUTIB
KpOJIB TOpiJ TOJNTaBChbKe cpidio, kamidopHiiickka Ta iX
moMicelt crocTepiranu momiMopgisM 3a TphOMa IapaMeT-
pamu siepust: 1) cepenHbOIO KiMbKicTIO siaepenb (p <
< 0,05); 2) cymapnoro miomero saepens (p < 0,05); 3) ce-
PEIHBOIO YACTKOIO TUIOMII SIAEPLS B IUIOMII spa JeHKoIHTa
(p < 0,05). Pe3ysbrary MOPIBHSIBHOTO aHATI3y JOCHIIKe-

AGRICULTURAL SCIENCE AND PRACTICE Vol. 11 No.1 2024



INVESTIGATION OF SOME NUCLEOLI TRAITS IN INTERPHASE LEUKOCYTES OF TWO RABBIT

HUX TTapaMeTpiB SAEPIeBOI aKTHBHOCTI CBiAYATh MPO BHIITY
aKTUBHICT SAEpelb Y TBapUH ITOMICHOTO ITOXOKEHHS. Y
TIEPCIIEKTHBI Pe3yAbTaTH TaKUX TOCIIIKECHb MOXYTh OyTH
BHUKOPHCTaHI JJIS OLIHKY MOTEHIIHHOI 3IaTHOCTI TBapHH 0
peaizamii IpOIyKTHBHUX O3HAK.

KurouoBi cioBa: sigepiie, sapo Jjeiikouuta, Ag-banding,
YHCTOMIOPO/IHI KPOJIi, KPOJIMKH ITOMICHOTO TTOXO/PKEHHSI.
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