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Abstract

Haematological parameters were assessed in three species of the genera Myodes,
Sylvaemus, and Apodemus, which have long been used as bioindicators in envi-
ronmental monitoring, particularly in radiobiological studies within the Chornobyl
Exclusion Zone. Animals used in the study were sexually immature, aged two to
three months and captured within the territory of the ‘Chernechyi Lis’ National
Park (Kyiv Oblast). The state of the haematopoietic system reflects the nature,
intensity, and duration of exposure to stress factors, making these parameters the
most informative biomarkers of physiological status at both individual and popula-
tion levels. This study presents quantitative and qualitative characteristics of pe-
ripheral blood and bone marrow in M. glareolus, S. tauricus, and A. agrarius.
Species-specific features of leukocyte profiles, myelograms, and bone marrow cell
maturation indices were identified. Red blood parameters showed no significant
interspecific differences, whereas leukogram and granulopoiesis data differed
markedly among species. In leucograms of three species, a lymphocytic profile
predominated (60-80%), consistent with the physiological norm for small rodents.
Based on leukocyte counts in peripheral blood, the species can be ranked as fol-
lows: M. glareolus > S. tauricus > A. agrarius. The leukograms were characterised
by a predominance of mature (segmented) neutrophils, particularly in S. tauricus,
where their counts exceeded that of band neutrophils by 4.4-fold. In the bone mar-
row of M. glareolus and S. tauricus, similar distributions of granulocytic and
erythroid lineages were observed, in contrast to 4. agrarius. Notably, the myelo-
gram of M. glareolus showed a relative predominance of immature neutrophils
(neutrophil maturation index > 1), indicating species-specific features of granulo-
poiesis. The obtained data can serve as a basis for establishing reference haemato-
logical values for three murine rodent species of Kyiv Oblast. The results confirm
that the formation of species- and population-specific control groups, considering
age, sex, seasonality, and geographic origin, is a necessary methodological prereq-
uisite for the correct interpretation of indicator species data in ecological monitor-
ing programmes.
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AHaJIi3 reMaTo/I0riYHUX MOKA3HUKIB y TPU3YHiB Haapoanuu Muroidea
3 npupoaHux nomyasuiii KuiBcbkoi o01acTi

Aana Jluncbka, Harania PogionoBa, Harain Pss6uenko

Pestome. [locmimkeHo reMaToOTiyHi MOKa3HUKU TPHhOX BHIIB 3 poxiB Myodes, Sylvaemus ta Apodemus, i
3/IaBHAa BUKOPUCTOBYIOTHCS SIK 0101HAMKATOPHI BHIU B €KOJIOTIYHOMY MOHITOPUHTY, 30KpeMa B pagiodionoriv-
HHUX JOCIUKEeHHX B YOpHOOMIBCHKIH 30HI BiMuyskeHHs. Jlociian MpOBOIMIN HA CTATCBOHE3PIIMX TBapHHAX
JIBO-/TPUMICSIYHOTO BiKy, BIJIOBIEHHX Ha TepUTOpil HarioHanesHOTO mapky «Yepneunii mic» (KuiBchka o06i.).
CraH cucTeMH KpOBi BifioOpaskae XapakTep, iIHTEHCHBHICT 1 TPHBAIICTS JIil CTPECOBHX areHTIB, M0 POOUTH Taki
MOKa3HHKH iHGOpMaTHBHUME GioMapKkepaMH (i3i0JOTiYHOrO CTaHy TBApWH HAa IHIVBITyaJbHOMY Ta ITOIYJIS-
LiifHOMY piBHSX. Y CTaTTi MPEACTaBICHO KUNBKICHI Ta SKICHI XapaKTEPUCTHKU Nepr(epruaHOi KpoBi i KiCTKOBO-
ro MO3Ky M. glareolus, S. tauricus Ta A. agrarius, BCTAHOBJIEHO BUOBI 0COOIHMBOCTI JIEHKOIUTAPHOT POpMYITH,
CKJIaZly MIi€JOTpaMH Ta iHIEKCIiB J03piBaHHS KIITHH KiCTKOBOTO MO3KY. IloKa3HHKH 4epBOHOI KpOBI HE Mald
JIOCTOBIPHUX MDKBHAOBHUX BiIMIHHOCTEH, TOZ1 SIK JaHi JIGHKOTpaMH Ta TPaHYJIONOE3Y CYTTEBO PI3HUIIUCS MiX
BugaMu. B mefikorpami Tppox BHAIB mepeBaxkasn JMiMbouutapuuii mpodins (60-80%), mo Bigmosigae ¢izionori-
YHI{ HOpMI JUIs ApiOHMX TPU3YHIB. 3a KUTBKICTIO JIEHKOIWTIB y nepudepuyIHild KPOBI BUAN PO3IOLUISIOTECS Y
pan: M. glareolus > S. tauricus > A. agrarius. Y neiikorpami TBapyH BiIMIYald MEpEBaKaHHS 3pLTHX (CErMeH-
TosZIepHUX) (HOpM, 0COOINBO Y 0cOOMH S. fauricus, e TXHS KUTBKICTB Oyia 6inbmioro y 4,4 pasu, HK Malndko-
SEpHUX HelTpodiniB. B xicTkoBoMy M0O3Ky M. glareolus ta S. tauricus 3aikCOBaHO CXOXKHIA PO3MOJILNT MyJIiB
TPaHYJIOLHUTAPHOTO Ta EPUTPOINHOTO PAIIB, HA BiAMiHY Bin A. agrarius. Ilpu npomy B Mmienorpami M. glareolus
peecTpyBaH BiTHOCHE MepeBakaHHs He3pimux HeHTpodiiB (iHAEKC no3piBaHHA HEHTpo(diiiB > 1), mo BKasye
Ha Bujocrenudivauii rpanynonoes. OTpuMaHi AaHi MOXYTh OyTH OCHOBOIO i (popMyBaHHA pedepeHTHHX
MOKA3HUKIB CHCTEMHU KPOBi Y TPhOX BHAIB MUIIOMONIOHMX TpH3yHiB KuiBmmuu. PesynpTaTté miaTBepIKyrOTh,
mo (OpMyBaHHS BHAO- Ta MOMYJALIHHO-CIIENU(IYHUX KOHTPOJIBHUX TPYIl 3 YpaxyBaHHIM BIKYy, CTaTi, CE30H-
HOCTI Ta TeorpagivHoro IMOXO/KEHHS € 000B'I3KOBOI0 METOMOJIOTIYHOIO MIEPETyMOBOIO IS KOPEKTHOI iHTepII-
perauii MOKa3HUKIB iHAUKATOPHUX BUJIB Y IIporpamMax eKOJOTiYHOI0O MOHITOPHUHTY.

KntogoBi crmoBa: mumonomiOHI rpu3yHH, nepudeprndHa KpoB, KiICTKOBHII MO30K, Miesorpama, pedepeHTHI
3HAUCHHSI.

Introduction

Environmental assessment based on studies of living organisms is among the most informative
approaches for detecting natural and anthropogenic stressors, as it provides an integrated measure of
their effects on biota. Bioindication methods enable the acquisition of data not only on the presence
of environmental contaminants but also on their biological impacts. However, the reliability of such
assessments depends on the availability of sensitive biomarkers and appropriately established refer-
ence groups that account for the specific characteristics of different species and populations.

Small mammals constitute a substantial component of Ukraine’s mammal fauna and play a key
role in the functioning of terrestrial ecosystems [Kondratenko & Zagorodniuk 2006]. Due to their
high ecological plasticity, short life cycle, rapid generation turnover, and sensitivity to environmen-
tal changes, micromammals are considered effective bioindicators and convenient model organisms
for studying dynamic ecological processes [Gashchak et al. 2006]. So, studies of small mammals as
bioindicators in boreal forests have demonstrated that these animals play important functional roles
in ecosystems, respond sensitively to environmental changes, and serve as effective tools for ecolog-
ical monitoring. Different species may respond differently to the same environmental factors, limit-
ing the use of any single species as a surrogate for another [Pearce & Venier 2005]. As inhabitants of
the litter layer and upper soil horizons, small mammals are in direct contact with soil contaminants
and can respond to these effects at the level of physiological systems [Talmage & Walton 1991].

Small murine rodents are of particular importance in radioecological research, as they are wide-
ly used as reference species for assessing the consequences of radionuclide contamination in accord-
ance with the Reference Animals and Plants concept developed by the International Commission on
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Radiological Protection [ICRP 2008]. Central to this framework is the requirement for baseline
physiological data from reference species inhabiting uncontaminated areas. The high population
density and reproductive potential of murine rodents make it possible to track radiation-induced
changes under both acute and chronic exposure to ionising radiation across multiple generations,
which is essential for evaluating long-term and transgenerational effects [Hancock et al. 2019]. For
many years, species of the genera Myodes, Sylvaemus, and Apodemus have remained important
model organisms in both national and international studies investigating the biological consequences
of the Chornobyl accident. [Baker e al. 1996; Rodgers & Baker 2000].

For radioecological studies, the haematopoietic system is recognised as one of the most radio-
sensitive and critical physiological systems, as it plays a central role in maintaining homeostasis and
responds rapidly to a wide range of external stressors. Quantitative and qualitative characteristics of
peripheral blood and bone marrow vary depending on the nature, intensity, and duration of environ-
mental impacts, making these parameters sensitive and informative indicators of the functional status
of animal populations.

At the same time, the use of haematological parameters from laboratory animals as reference
values for wildlife populations has significant limitations. The controlled housing conditions and
genetic standardisation of laboratory animals do not reflect the complex array of ecological factors
affecting free-ranging populations. In natural environments, the combined influence of climatic con-
ditions, food availability, interspecific and intraspecific competition, pathogens, and environmental
contaminants create a physiological baseline that differs substantially from that observed under la-
boratory conditions. Therefore, direct extrapolation of laboratory-derived reference values to wild
populations may lead to biased interpretations of biomonitoring and ecological assessment results
[Garnier-Laplace et al. 2013; Copplestone et al. 2010].

Currently, systematic reference data on haematological values and individual variability ranges
for model murid rodent species in Ukraine remain scarce in the scientific literature. Developing
these reference databases is essential for effective bioindication, biodiversity conservation, and evi-
dence-based evaluations of ecological and radioecological risks, particularly in areas exposed to
different levels of anthropogenic pressure.

The present study aimed to determine reference values for key haematopoietic parameters in
representatives of the genera Apodemus, Sylvaemus, and Myodes collected from areas of Kyiv Oblast
characterised by minimal anthropogenic disturbance. These data are intended to provide a baseline
reference for future radioecological research of murid rodents in the Chornobyl Exclusion Zone.

Materials and Methods

The study focused on three species of murid rodents: Myodes glareolus (n = 21), Sylvaemus
tauricus (n = 19), and Apodemus agrarius (n = 15). Animals were captured during the decade of
September in the Chernechyi Lis National Park, located between the villages of Khodosivka and
Lisnyky in the Feodosiivska Territorial Community, Kyiv Oblast, Ukraine. This park features a di-
verse range of environments, including pine, mixed, and locally deciduous forest communities.

In mature forest stands, the bank vole (M. glareolus) and the yellow-necked mouse (S. tauricus)
predominated, whereas the striped field mouse (4. agrarius) was more abundant in younger forest
habitats. Small mammals were captured using Sherman live traps. Pieces of rye bread fried in vege-
table oil were used as bait [Zagorodniuk 2002; Zagorodniuk 2017]. Species were identified morpho-
logically following criteria described in [Zagorodniuk 2002]. Animal age was determined using a
combination of indicators, including body mass, body length, the development of reproductive or-
gans and thymus, as well as according to the approach proposed by [Drozd & Pavlovsky 2024].

All experiments were conducted on sexually immature animals aged approximately 2—3 months.

Peripheral blood samples were collected from the carotid artery, and quantitative haematologi-
cal parameters were determined using standard manual (tube-based) methods. Bone marrow for
myelokaryocyte quantification was flushed from the femur using a 3% acetic acid solution to obtain
a cell suspension. Bone marrow imprint smears were prepared from the sternum.
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Peripheral blood cells (erythrocytes and leukocytes) and bone marrow cells were counted using
a Goryaev haemocytometer. In addition, the myelokaryocyte index (MI) was calculated as the num-
ber of myelokaryocytes per milligram of body weight.

Leukograms and myelograms were analysed using light immersion microscopy of Pappenheim-
stained smears at x1000 magnification. A total of 200 and 400 cells per slide were counted for leu-
kogram and myelogram assessments, respectively [Monastyrska 2007; Zaporozhan et al. 2002].

The following haematological indices were calculated based on leukogram data: the adaptation
stress index (lymphocytes to segmented neutrophils ratio, ASI), the immunoreactivity index (lym-
phocytes + eosinophils to monocytes ratio, IIR), the neutrophil maturation index (band neutrophils /
segmented neutrophils, NMI), and erythrocyte maturation index (the ratio of maturing to the prolif-
erating erythroid cells, EMI) [Raskin et al. 2004; Turgeon 2011].

In the myelogram, the percentage counts of blast, maturing, and mature cells of the granulo-
cytic, erythroid, lymphoid, and megakaryocytic haematopoietic lineages were determined. Bone
marrow indices characterising the kinetic parameters of cell maturation in individual haematopoietic
lineages were also calculated, including: the leukocyte-to-erythroid ratio (all leukocytic lineage cells
/ total erythroid lineage cells); the neutrophil maturation index (myeloblasts + promyelocytes + mye-
locytes + metamyelocytes / band + segmented neutrophils); and the erythrocyte maturation index
(haemoglobin-containing cells: polychromatophilic + orthochromic normoblasts / all erythrocyte
precursors).

Experimental data were analysed using Microsoft Excel and Statistica 7.0 software. Statistical
significance between experimental groups was assessed using Student’s t-test. Differences were con-
sidered statistically significant at p < 0.05.

All experimental procedures complied with the requirements of the Law of Ukraine ‘On Protec-
tion of Animals from Cruel Treatment’ (No. 3447-1V, adopted 21.02.2006, amended on 04.08.2017).

Results

The selection of ecologically and physiologically homogeneous control groups is a key method-
ological consideration in ecological monitoring. This primarily includes species specificity, age and
reproductive status, sex, and seasonal variability of the studied parameters, among others. In the
present study, we conducted a comprehensive analysis of qualitative and quantitative parameters of
peripheral blood and bone marrow in M. glareolus, S. tauricus, and A. agrarius—murid rodent spe-
cies considered common and dominant components of forest biotopes in Ukraine. Animals subse-
quently used to form control groups in radiobiological studies were captured within the territory of a
projected national park in Kyiv Oblast, which allows assuming relatively well-preserved habitats and
limited anthropogenic impact on the studied populations.

As shown in Table 1, red blood cell parameters (erythrocytes, haemoglobin, and the colour in-
dex) did not differ significantly between species. These findings are consistent with the results re-
ported by Kostelecka-Myrcha [Kostelecka-Myrcha 2002], who demonstrated that haemoglobin and
erythrocyte parameters in small rodents are relatively stable within systematic groups and reflect
general adaptive characteristics of blood. However, among the quantitative blood parameters, plate-
let counts in M. glareolus and A. agrarius were elevated compared to S. fauricus, by 1.8- and 2.1-
fold, respectively. Leukocytes play an essential role in maintaining body homeostasis, as they are
involved in the detoxification of both exogenous and endogenous toxic substances. Based on periph-
eral blood leukocyte counts, the animals formed the following decreasing order: M. glareolus >
S. tauricus > A. agrarius.

According to the presented data, lymphocytes predominated among individual leukocyte frac-
tions in all examined species. In M. glareolus and S. tauricus, lymphocytes accounted for approxi-
mately 60%, whereas in 4. agrarius they exceeded 80%. This difference was statistically significant
between A. agrarius and M. glareolus; however, no statistically significant differences were ob-
served in absolute lymphocyte counts.



Analysis of the haematological indicators in rodents of the superfamily Muroidea ... 161

Table 1. Mean (M =+ SE) quantitative and qualitative peripheral blood indices in studied species

Ta6mums 1. Cepenni 3HauenHs (M + SE) KinbKiCHUX 1 SKICHAX TIOKAa3HUKIB IepH(epIHOT KPOBI JOCIIHKSHNX BHIIB

Animal species/indicator M. glareolus S. tauricus A. agrarius
Erythrocytes, 1012/1 7.9+0.5 84+0.6 8.0+0.8
Haemoglobin, g/l 121.8+0.5 116.5+2.4 118.3+8.3
Colour index, c.u. 0.47 +£0.02 0.43 +0.04 0.45 +0.02
Platelets, 109/1 205.4+17.0 183.33 £17.64 246.7+£26.2
Leucocytes, 109/1 4.81+£0.35 3.85+0.43 2.93+0.16
Young (myelocytes, metamyelocytes), % 0 0 0
Band neutrophils, % 14.4 £2.1% 6.69 +0.93 6.67+3.43
109/1 0.72 £0.12* 0.23 £0.02 0.2+0.1
Segmented neutrophils (SN), % 19.5 £2.5%* 29.3 £4.5%* 10.2 £3.7%*
1091 0.94 +0.15 1.09£0.14 0.3 £0.1%*
Neutrophils, total, % 33.9+3.9 36.0 +4.95 16.8 +3.93*
109/1 1.67+£0.24 1.33+0.15 0.5 +0.21%
NMI (neutrophil maturation index), c.u. 0.8+0.1 0.26 = 0.05* 0.64 £0.14
Eosinophils, % 1.4 +£0.59* 0.06 + 0.05 0.17+0.12
109/1 0.06 +0.02 0.001 £ 0.001 0.005 +0.004
Basophils, % 0.02 +£0.01 0 0
Monocytes, % 1.41+£0.3 0.69+0.16 0.5+0.3
109/1 0.07 £0.01* 0.02 £0.01 0.02 +£0.02
Lymphocytes, % 63.3 +3.94 63.25+4.96 82.11 +3.65*
109/1 3.0+£0.24 25+04 24+0.15
Large lymphocytes (L), % 12.1+1.9 8.37+1.39 8.33+£2.73
Large lymphocytes (S), % 51.1+£4.35 549+54 73.8 £4.2*
L/S ratio, c.u. 0.27 £0.05 0.17 £0.04 0.11+£0.03
Large granular lymphocytes, % 2.8 £0.91* 0.06 £ 0.06 0

ASI (the adaptation stress index), c.u. 4.48 +£1.05 2.7+£0.5 14.2 £2.57*
IIR (immunoreactivity index), c.u. 52.6 +8.68 50564 71.8+4.9
Atypical lymphocytes, % 1.0 £ 0.63* 0.12+0.03 0.10 +£0.05
Aniso-poikilocytosis of erythrocytes, % 0 0 0

* Statistically significant difference in the indicator of one group of animals at p < 0.05; ** statistically significant
difference in the indicators between groups at p < 0.05.

Among lymphocyte subpopulations, small lymphocytes were predominant. Their relative abun-
dance was higher than large ones in M. glareolus, S. tauricus, and A. agrarius, increasing by 4.2-,
6.5-, and 8.8-fold, respectively.

Regarding large lymphocytes, the highest proportion was recorded in M. glareolus (12.11%),
while in S. tauricus and A. agrarius the values were nearly identical (8.37% and 8.33%, respective-
ly). In the leukogram, large granular lymphocytes in M. glareolus constituted approximately 3%,
whereas in S. tauricus and A. agrarius they were virtually absent.

The total proportion of neutrophils (the sum of segmented and band forms) among peripheral
blood leukocytes in M. glareolus and S. tauricus ranged from 34% to 36%, while in 4. agrarius it
was significantly lower, at approximately 17%. In the leukogram, mature (segmented) neutrophils
predominated, a pattern particularly pronounced in S. tauricus, where their number exceeded band
neutrophils by 4.4 times. A slightly higher proportion of eosinophilic granulocytes and monocytes
was recorded in M. glareolus compared with the other species. In all examined species, single atypi-
cal lymphocyte forms were observed, mainly represented by Rieder cells, binucleated and lobulated
nuclei forms, while micronucleated cells were rare (0.01%). Overall, these results demonstrate that
most peripheral blood parameters exhibited statistically significant interspecies differences.

Notably, analysis of peripheral blood and bone marrow parameters in sexually immature ani-
mals of both sexes revealed no substantial sex-related differences, similar to findings from our pre-
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vious studies [Lypska et al. 2022]. Therefore, haematological data from both sexes were pooled into
a single species-specific group. This approach provided a scientifically justified reduction in the
number of animals used in the experiment, ensuring more rational and bioethical use of wild-caught
specimens.

Bone marrow cytological examination provides the most comprehensive insight into the func-
tional state of the haematopoietic system. Morphological identification of haematopoietic cells and
their quantification are essential both under physiological conditions and, in particular, in pathologi-
cal states. Analysis of bone marrow preparations revealed the presence of cells from all haematopoi-
etic lineages at various stages of differentiation. The percentage composition of cellular elements in
bone marrow smears is presented in Table 2.

It was established that blast cells (undifferentiated blasts, myeloblasts, erythroblasts, and lym-
phoblasts) collectively accounted for 3—4% of the total bone marrow cell population. A high propor-
tion of neutrophilic granulocytes was observed, including actively proliferating, maturing, and ma-
ture cells. The highest content of band and segmented neutrophils, reflecting the status of the natural
reserve pool of mature granulocytes in the bone marrow, was recorded in 4. agrarius.

Table 2. Myelogram indices (M + SE) in representatives of studied species
Ta6muns 2. [Tokasunku mienorpamu (M + SE) y npencTaBHUKIB TOCTIIKEHUX BUAIB

Animal species/indicator M. glareolus S. tauricus A. agrarius
MCC counts (myelocaryocytes counts), 10%femur 129+ 1.76 29.9 +2.01* 145+2.26
MI (myelokaryocyte index), c.u. 0.56 £0.07 1.26 £0.17* 0.75+0.1
Undifferentiated blasts, % 0.44 +0.07 0.6+0.12 0.6+0.2
- myeloblasts 1.18 +£0.234 1.07+0.1 1.55+0.21
Neutrophilic blasts, %
- promyelocytes 1.16 £0.22 0.62+0.13 1.9+0.78
- myelocytes 9.06 1.4 6.25 £0.55 9.2+2.06
- metamyelocytes 5.33+£0.76 5.6+0.33 6.05+1.2
- band neutrophils (BN) 7.67 £1.62 6.5+0.57 9.75 £ 1.57
- segmented neutrophils (SN) 5.6 £ 0.98** 9.05 £ 0.93%* 12.65 £1.02**
Eosinophilic blasts, %
- promyelocytes 0.1+£0.05 0.08 £0.03 0.3+0.06
- myelocytes 1.21+£0.22 0.65 £ 0.15* 1.5+0.13
- metamyelocytes 0.6 +0.13 0.82 +0.23 1.8 £0.45*
Eosinophils (band & segmented), % 2.05+0.24 2.25+0.67 24+0.73
Basophilic (myelocytes, metamyelocytes),% 0.83 £0.26 0.25+£0.12 0.21 £0.11
Basophils (band & segmented),% 0.19+£0.14 0.27+0.13 0.35+0.17
Proerythroblasts, % 0.28 +0.13 0.45+0.12 0.72+0.23
Erythroblasts, % 0.86+0.12 1.02+0.23 1.05+0.26
Normoblasts, %
- basophilic 3.35+£0.66 4.4+£049 2.95+0.29
- policromatophilic 21.79+2.71 17.0 £2.43 13.2+£3.23
- oxyphilic 11.8 +1.06 11.4+1.94 9.4+2.19
Lymphoblasts, % 0.38 £ 0.08 0.35+0.14 0.55+0.32
Lymphocytes, % 22.8+4.77 288+4.4 23.0+£4.85
Monocytes, % 0.32+£0.08 0.8 +0.22 0.6+0.2
Immunoblasts % 2.13+0.77 0.94+£0.48 0
Plasma cells, % 0.5+0.14* 0.15+0.1 0
Reticulocytes, % 0.3+0.06 0.45+£0.18 0.05 £ 0.05*
Megakaryoblasts, -cytes, % 0.54 +£0.08 0.2+0.12 0.35+0.18
Leuko/erythroid ratio, c.o. 1.91 +0.26 22+0.37 3.2+0.5%

* Statistically significant difference in the indicator of one group of animals at p < 0.05; ** statistically significant
difference in the indicators between groups at p < 0.05.
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This parameter exceeded the corresponding values in M. glareolus and S. tauricus by 1.7- and
1.4-fold, respectively. Within the erythroid lineage, maturing haemoglobin-containing cells, namely
polychromatic and oxyphilic normoblasts, predominated. Lymphocytes made up 20—30% of the total
myelokaryocyte population, whereas thrombocytic lineage cells accounted for 0.2-0.6%. Additional-
ly, occasional plasma cells and reticulocytes were identified in the bone marrow smears.

The overall distribution of granulocytic, erythroid, and lymphoid haematopoietic lineages is
presented in Figure 1. A similar pattern of granulocytic and erythroid cell distribution was observed
in M. glareolus and S. tauricus. In contrast, A. agrarius exhibited a significantly higher proportion of
granulocytic lineage cells. In addition to quantifying individual cell populations, bone marrow exam-
ination included the calculation of indices reflecting the relationship between immature and mature
cells within specific haematopoietic lineages (Table 3).

The neutrophil maturation index (NMI) demonstrated that immature neutrophil forms predomi-
nated in M. glareolus (NMI > 1), whereas mature cells were more abundant in S. fauricus and
A. agrarius. No interspecific differences were detected for the erythroid maturation index (EMI).
Mitotic activity of bone marrow cells was slightly higher in S. tauricus compared with M. glareolus
and A4. agrarius; however, these differences did not reach statistical significance

These findings question the validity of applying laboratory-derived haematological reference
values to wild populations. Genetic standardisation and controlled housing conditions of laboratory
animals do not adequately reflect the complex array of environmental factors that influence a distinct
physiological baseline in wild populations. In particular, our previous investigations of radiation
effects on the haematopoietic system of murid rodents inhabiting natural populations of the Chorno-
byl Exclusion Zone demonstrated pronounced species-specific differences in haematological charac-
teristics and in the responses of the blood system to environmental stressors [Lypska et al. 2020]. At
the same time, the establishment of homogeneous control groups from natural populations requires
consideration of multiple factors, including age, sex, season, geographic distribution, and popula-
tion-specific characteristics.

In summary, while erythrocyte parameters were relatively conserved across species, leukocyte
composition and bone marrow maturation showed clear interspecific differences.

60 -

Fig. 1. Cell content (%) of individual
haematopoietic pools in the bone marrow of
40 - M. glareolus (MGL), S. tauricus (STA) and
A. agrarius (AAG).
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Table 3. Bone marrow indices in studied species

Tabmus 3. KicTkOBOMO3KOBI iHIEGKCH Y TOCTIKEHUX BHUIIIB

Indicator M. glareolus S. tauricus A. agrarius
NMI (neutrophil maturation index), c.u. 1.25+£0.11%* 0.84 £0.07 0.82 £0.05
EMI (erythroid maturation index), c.u. 0.83 £0.06 0.82+£0.2 0.81£0.01
Mitotic index, %o 13.2+1.53 182+2.34 14.0+3.15

* Statistically significant difference at p < 0.05.
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Most leukogram parameters differed significantly between species. A lymphocyte-dominated
profile was characteristic of all species, with lymphocytes accounting for 60-80% of circulating
leukocytes. However, 4. agrarius exhibited the highest relative proportion of lymphocytes despite
having the lowest total leukocyte count. Within the bone marrow, the principal interspecific differ-
ences were associated with the granulocytic lineage, with the largest reserve pool of mature neutro-
phils observed in A. agrarius.

The data obtained in this study may serve as a baseline reference for haematological parameters
in three species of murid rodents from Kyiv Oblast, Ukraine. These reference values can be applied
in future assessments of the effects of anthropogenic environmental stressors on small mammal pop-
ulations, particularly in studies evaluating the impact of radiation exposure within the Chornobyl
Exclusion Zone.
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