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Owing to irradiation in cells occur damage in the genome, resulting into the cell
death, or, in the case of intracellular repair system activation and a development of adapta-
tion - to survive. A result of exposure mainly depends on the state of prooxidant-antioxidant
homeostasis. We found that chronic low-intensity y—irradiation causes an increasing in the
number of abnormal cell and expand the range of abnormalities in the granulocyte lineage
of bone marrow. In erythroid lineage spectrum of abnormal cells decreased, but in this case
increased frequency of abnormal cell shape.

Keywords: chronic low-intensity y-rays, bone marrow, granulocyte lineage, eryth-
roid lineage.

Under conditions of exposure of different species of animals to low doses of ionizing
radiation, the stimulation effects have been detected, which lie in the phenomenon of compensa-
tory intensification of physiological functions and serve as the indirect evidence of the induction
of changes in the genetic apparatus [3]. Hence, such effects caused by low doses, expressed
in the form of adaptive responses of cells, may be triggered by the activation of the inducible
reparation systems. Based on such changes in the irradiated cells the probability of fixation of
DNA damages in true mutation is altered. According to S.A. Heras’kyn [2], this approach does
not require postulation of new cellular reactions for its justification and can uncontroversially
explain all phenomena, which take place after the exposure to low doses of ionizing radiation.

It is suggested that among the heterogenecous pool of cells, that comprise an evolution-
ary reserve, there is a programmed subpopulation, the death of which is preceded by genetically
determined cellular responses - auto-induction of chromosomal abnormalities or other structural
genome realignments. This leads to the emergence of new genetic variants and makes possible
the selection of variants, which will be the most adapted to the alterations in the environment or
to the potentially expected new stimuli. The number of cells derived from this population, which
are in the process of genetic adaptation and are exposed to low dose of ionizing radiation, will
depend on the population size [10, 11].

Due to radiation-associated genomic damages, the cells can go through one of the
following two ways: 1) cell death, including apoptosis, and 2) their survival, combined with a)
the emergence of mutations in the cell progeny, b) the adaptation and return of the cells to their
initial state, and ¢) with functional changes, caused by adaptation processes, which make the cells
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differ from those that were prior to the radiation exposure. Selection of the possible consequences
of the exposure to radiation essentially depends on the state of the key elements of the redox
homeostasis [1].

The objective of this study was a cytological characterization and estimation of the spec-
trum of abnormalities in bone marrow cells in CBA line mice under chronic y-radiation exposure
at a dose-rate of 1 cGy/day.

Materials and methods

The experiment was held on 80 mice (line CBA), whose weight was in the range of 24—
26g and who aged 90 days prior to the beginning of the research. The laboratory experiment was
conducted in the Urals Research Center for Radiation Medicine (Chelyabinsk).

The source of gamma-rays was a modified OCK-400 device with a charge of '*’Cs [8].
Exposure of the experimental animals was carried during the day and at night, except for the time
for cleaning of cages and examination of the animals (which did not exceed 1 hour). The total
tissue-absorbed doses in the period of the study (30, 90, 180 and 270 days) of chronic external
y-radiation with a dose-rate of 1 ¢Gy/day varied from 0.3 to 2.7 Gy.

Cytological methods of bone marrow cells research. Fixation and staining of bone marrow
specimens were carried out by generally accepted Romanovsky-Giemsa method (1968). Differ-
ential ratio of cells, the mitotic index and the index of maturation in the myeloid and erythroid
lineage were analyzed [5, 7]. The various pathological changes in the bone marrow cells, which
are associated with mitosis (chromosome fragments, chromosome and cytoplasmic bridges, poly-
nuclear and giant cells were taken into account.

Statistical analysis of the research outcomes. For comparison of the average values in the
analysis of hematological data Student’s t-test was applied. The authenticity of differences of cy-
togenetic indices in bone marrow cells were assessed by the chi-squared and Fisher criteria [4, 6].

Results and discussion

Results of cytological indices research of bone marrow cells in intact CBA line mice
(Table 1, Table 2) indicated that the mitotic index of normocytes was not changed with age, and
the mitotic index of neutrophils decreased 5 times by the time the experimental animals reached
12 months. Chronic y-radiation at a dose-rate of 1 cGy/day was accompanied by a three-time
decrease in the mitotic activity of neutrophils on the 180th day of exposure to radiation, and the
mitotic index of normocytes dropped twice: on the 30th and 270th day of the experiment by 2,6
and 6,6 times respectively.

Maturation index of normocytes in irradiated mice does not differ from the same age con-
trol values during all periods of the experiment, and the maturation of neutrophil index increased
1,5-2,5 times under the total absorbed doses 1,8-2,7 Gy.

Table 1
Cytological indices of bone marrow cells in CBA mice
under chronic g-radiation at a dose-rate of 1 cGy/day
Duration of exposure | Mitotic index of Mitotic index of |Maturation index of| Maturation index
to radiation, days neutrofils (%) normocytes (%) neutrofils of normocytes

30 Control 1,45+0,56 3,24+0,86 1,76+0,40 0,80+0,02
1 cGy/day 0,62+0,61 1,22+0,93* 2,59+0,35 0,76+0,00
90 Control 0,81+0,42 2,60+0,93 2,78+0,60 0,82+0,03
1 ¢Gy/day 0,600,32 1,89+0,53 3,77+1,38 0,800,03
180 Control 1,25+0,34 2,19+0,51 3,63+0,40 0,78+0,02
1 cGy/day 0,38+0,09* 2,01+1,09 5,74+0,08* 0,82+0,02
270 Control 0,29+0,21 2,78+0,43 2,85+0,29 0,77+0,01
1 cGy/day 0,71+0,24 0,60+0,53* 7,24+1,77* 0,82+0,03

Notes: Data are means M+m; *-— significantly different from control (P<0.05).



[. Lu6koea, H. €gimosa, H. CubipHa, O. Aknees

ISSN 0206-5657. BicHuk JlbBiBcbKkoro yHiBepcuteTy. Cepis 6ionoriyHa. 2014. Bunyck 64 99

It can be assumed, when the index of neutrophils maturation is increased and the mi-
totic indices of neutrophils and normocytes (in the period during 180-270th day of exposure to
radiation) are decreased on the background of control level of karyocytes of bone marrow [9],
the compensatory reactions occurred in the neutrophil series. These reactions are directed on
maintaining of the repopulation process of granulocyte lineage development in bone marrow of
irradiated animals.

Irradiation with a dose-rate of 1 ¢Gy/day had no effect on leuko/erythroid correlation in
bone marrow (Table 2): during the experiment, the fraction of erythroid and granulocyte blast cells
was almost unchanged in comparison to control values. Based on the state of leuko/erythroblastic
correlation, the kinetics of hematopoietic cells of these lineages repopulation can be evaluated.
The obtained results show the lack of competitive interconnection between the erythroid and
granulocyte lineages under the total absorbed dose in the range of 0,3 to 2,7 Gy.

Table 2

Cytological indices of bone marrow cells in CBA mice
under chronic g-radiation at a dose-rate of 1 cGy/day (continuation)

Duration of exposure to radiation, Leuko/erythroblastic correlation Fraction of leukocytes in
days general amount of cells
30 Control 0,75+0,03 3,24+0,86
1 cGy/day 0,71£0,04 1,22+0,93%*
90 Control 0,73+0,04 2,60+0,93
1 cGy/day 0,77+0,04 1,89+0,53
180 Control 0,76+0,02 2,19+0,51
1 ¢Gy/day 0,75+0,02 2,01+1,09
270 Control 0,73£0,01 2,78+0,43
1 cGy/day 0,72+0,01 0,60+0,53*

Notes: Data are means M+m; *— significantly different from control (P<0.05).

Cytological analysis detected a statistically reliable increase in the fraction of blast cells in
granulocytic series in the bone marrow by 80% on the 30th day of chronic y -radiation under a to-
tal cumulative dose of 0,3 Gy (Table 3). Herewith, the fraction of abnormal neutrophils decreased
2,6 times, in comparison to the same age control. Increase in the number of abnormal cells in the
catena of neutrophils by 1,5-2 times was observed starting from the 180th day of the experiment
(the total absorbed dose made 1,8-2,7 Gy).

Table 3

The fraction of cells with abnormalities and number of blast cells in the bone marrow
of CBA mice under chronic g-irradiation at the dose-rate of 1 cGy/day

Duration of Fraction of cell Fraction of cell Number of blast| Number of blast
exposure to  |abnormalities in myeloid | abnormalities in erythroid | cells of myeloid | cells of erythroid
radiation, days | series (neutrophils), % | series (normocytes), % series, % series, %
30  Control 0,88+0,15 0,55+0,11 1,43+0,17 0,78+0,06
1 cGy/day 0,34+0,07* 0,85+0,32 2,61£0,21* 1,38+0,40
90  Control 0,55+0,11 0,66:0,23 1,81+0,54 0,60+0,17
1 cGy/day 0,73+0,08 0,46+0,12 2,39+0,35 0,95+0,23
180  Control 0,41+0,14 0,38+0,26 3,28+0,55 1,22+0,19
1 ¢Gy/day 0,83+0,11%* 0,53+0,08 2,46+0,44 1,01+0,17
270  Control 0,60-+0,08 0,71+0,19 3,03+0,32 1,45+0,12
1 cGy/day 0,93+0,13* 0,94+0,57 3,86+0,16 1,31+0,28

Notes: Data are means M+m; *— significantly different from control (P<0.05).

The spectrum of cytological abnormalities in granulocyte and erythroid lineages of the
bone marrow in intact CBA mice is presented in Tables 3 and 5. Analysis of cytological abnor-
malities in granulocyte lineage of the bone marrow in control animals revealed no age devia-
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tions. The data in Table 4 show that in the proliferative pool of granulocytic lineage the most fre-
quently detected forms of affected cells are promyelocytes and myelocytes — namely binucleated
and giant forms. For the aging pool are typical giant and hypersegmented cells. In the population
of stab neutrophils no cells with dysplastic changes were detected.

Table 4

The fraction of cells with abnormalities in granulocyte lineage in the bone marrow of intact
mice (line CBA) (absolute number of cells/10° karyocyte)

Pool of cells Micronucleus Concatenated Binuclear cells| Giant cells |Hypersegmentation
metaphase
Proliferative: 0,25+0,02 0,57+0,09 1,8340,28 0,76+0,21 --
- myeloblasts 0,06+0,01 -- 0,06+0,04  0,125+0,09 --
- promyelocytes 0,06+0,01 0,06+0,03 0,42+0,12 0,38+0,13 --
- myelocytes 0,13+0,02 0,51+0,05 1,35+0,11 0,25+0,04 --
Metamyelocytes 0,06+0,01 - - 0,38+0,07 --
Stab neutrophils -- -- -- -- -
Segmented neutrophils  0,06+0,01 - 0,06+0,02 -- 0,19+0,03

Notes: Data are means M+m.

In irradiated CBA mice significant changes in the number of abnormal cells of granu-
locyte lineage in bone marrow were not detected. Similary to the control group, abnormal cell
forms were predominantly detected among promyelocytes and myelocytes, however the range of
cell abnormalities increased: cells with the presence of cytoplasmic bridge, the telophase bridge,
and karyorrhexis appeared (Table 5). Quantitative and qualitative analysis of abnormal cells of
neutrophil group depending on the total absorbed dose allows to state the following. With the
increasing of absorbed dose (1,8-2,7 Gy) the number of cells with chromosomal aberrations in
the proliferating pool increase, herewith the spectrum of abnormal cells expands. In the maturing
pool of irradiated mice cytological pathologies in the form of giant forms and hypersegmented
neutrophils were identified primarily on the 180-270 days of radiation exposure.

Table 5

The fraction of cells with abnormalities in granulocyte lineage in the bone marrow of CBA mice
under chronic y - irradiation at a dose-rate 1 cGy/day (absolute number of cells/10° karyocyte)

Micro- | Concatenated | Kario- . .
Binucleated cells Giant cells Hypersegmented
Pool of cells [nucleus| metaphase |reksys
Duration of exposure, month
3 [ 3T 9T 6 [ 11T 3T6l1 9T 1137161913716/ 9
Ezzlllfzzzzz 070+ 0,70+ 0,52+ 0,87+ 2,07+ 3,49+ 393+ 2,08+ 0,69+ 105+ 0,87+ 521+
the,:’ 0,13 0,19 0,09 026 039 061 082 023 017 017 011 083
- myelo- 0,52+ 0,69+ 1,57+
blasts - - - - 02t 017 027 -
-promyelo- 0,70+ 0,35+ 0,52+ 0,44+ 0,69+ 2,79+ 0,87+ 0,52+ 0,35+ 0,87+ 1,57+
cytes 0,13 0,12 0,09 0111 0,13 033 0,09 002 008 011 021 B
- myelo- 0,35+ 0,44+ 1,38+ 0,70+ 3,05+ 1,04+ 0,70+ 2,07+
cytes 00 015 021 024 064 011 004 022
Metamyelo- 0,52+ 0,69+ 0,52+
cytes B B B - -7 021 005 005 -
Stab
neutrophils - - - B - - - - - - - - - B -
Segmented 1,39+ 2,62+ 0,52+
neutrophils B - 032 041 0,04

Notes: Data are means M+m.
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Analysis of erythroid lineage cells of the bone marrow in the control group animals (Table 6)
showed that the number of abnormal cells compared to the cells of myeloid lineage are 1,5 times
lower in the aging pool and 5 times lower in the proliferative pool. Cellular abnormalities are
mainly present as binuclear forms and by the presence of cells with the concatenated metaphase.

Table 6

The fraction of cells with abnormalities in erythroid lineage in the bone marrow
of intact mice (line CBA) (absolute number of cells/10? karyocyte)

. . . . Dissocia-
Pool of cells Micronu- | Concatenated Cytoplasmlc Kary(?r— Giant |Binuclear tion of the
cleus metaphase bridge rhexis cells cells
cytoplasm
Normoblast - 0,06+0,01 - - - - -
Pronormocyte - - - - - 0,06+0,02 -
Basophilic - 0,19+0,03  0,06+0,03 - ~0,19+0,04 -
normocyte -
Polychromatophilic ) 0.6 o1 0 125+0,01 - 0,06+0,01 0,06+0,02 0,1940,03  —
normoc_:yte
Oxyphilic - - - - — 0,5740,04 0,06+0,01
normocyte

Notes: Data are means M=+m.

In irradiated experimental animals the spectrum of cellular abnormalities in the erythroid
lineage of the bone marrow decreased due to the absence of cells with cytoplasmic bridge, kary-
orrhexis and giant cells, if compared to the control. The number of pathological form of cells
increased to the maximum when the accumulation of total absorbed doses reached 2—4 Gy (6-9
month of the exposure), herewith anomalies of erythroid cells were observed mainly on the final
stages of maturation, i.e. among the polychromatic and oxyphilic normocytes (Table 7). These
facts may testify that under the exposure to low-intensity radiation (to the accumulation of total
absorbed doses of about 1 Gy) DNA repair systems are activated and effectively operate in poorly
differentiated erythroid cells. Our data may indicate also acceleration in the process of maturation
of these cells.

Table 7

The fraction of cells with abnormalities in erythroid lineage in the bone marrow of CBA mice
under chronic y - irradiation at a dose-rate of 1 cGy/day (absolute number of cells/103 karyo-

cyte)
Concate- . .
. Dissociation of .
Micronucleus nated h ) Binuclear cells
Pool of cells metaphase the cytoplasm
Duration of exposure, month

6 | 9 ] 1 [ 1 [ 3 ] 3 1 6 [ 9
Normoblast - - - - - - - - -
Pronormocyte - - - - - - - - 1,34+

0,12

Basophilic 1,34+ - - - - 1,22+ - - -
normocyte 0,15 0,29
Polychromatophilic - - 1,22+ - - - 1,15+ 4,00+ 1,34+
normocyte 0,07 0,31 0,42 0,26
Oxyphilic - 1,34+ - 1,22+ 1,15+ 4,88+ 2,30+ - 5,35+
normocyte 0,22 0,04 0,19 0,63 0,34 0,62

Notes: Data are means M+m.
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Thus, in the course of chronic low-intensity external y-irradiation of CBA mice the fol-

lowing processes took place:

10.

11.

* increase in the number of pathological forms of cells of granulocyte lineage in the
bone marrow assosiated with an increase in the total cumulative dose of radiation;

*  expansion of the range of pathological changes in the granulocyte lineage (due to the
appearance of cells with cytoplasmic bridge, a bridge in telophase and karyorrhexis)
and, conversely, reduced range of abnormal cells in the erythroid lineage, in which
there were no cells with such abnormalities as cytoplasmic bridge, karyorrhexis and
giant cells;

* increase in the frequency of abnormal form of cells in the granulocyte proliferative
pool and the maturing pool of the erythroid lineage.
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YHacniok aii i0Hi3yI090ro BUIIPOMIHIOBAHHS Y KJIITHHAX BUHUKAIOTh MOIIKO/DKCH-
HS B TEHOMI, B PE3yJIbTaTi SIKMX KIITHHA MOXKE 3arMHYTH. BIKMBaHHS KIITHHU MOXKIIHBE
JIHIIe y pa3i akTHBaIii BHYTPINIHBOKIITHHHUX CHCTEM pemapallii Ta, K HaCIiOK, PO3BH-
TKy ajmanTamnii. Pe3ynbraT onpoMiHEHHS FOJIOBHHM YHHOM 3aJISKUThH BiJ CTaHy aHTHOK-
CHJIaHTHOTO-IIPOOKCHIAHTHOTO TOMeocTa3y. BHsBIeHO, o XpOHIYHEe HH3HLKOIHTCHCHBHE
Y-OIPOMIHEHHS IPU3BOIUTE JI0 30LIBIICHHS KiJTBKOCTI MAaTOJNOTIYHUX (OopM KIITHH i pPo3-
IIAPEHHS CIEKTpa MaToJIOTiH y IPaHyJIOMUTApPHOMY POCTKY KiCTKOBOTO MO3KY. Y €pHTpO-
LUTAPHOMY POCTKY CIIEKTp aHOMaJbHUX KJIITHH CKOPOYYBAaBCS, IPOTE 3pOCTajla 4acToTa
AHOMAJIBHHX (hOPM KITITHH.

Kniouogi cnoea: XpoHidHE HU3BKOIHTCHCHBHE Y-BUIPOMIHIOBAHHS, KICTKOBHI MO-
30K, TPaHyJIOIHUTAPHUIT POCTOK, €PUTPOIAHHUNA POCTOK.
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BenenctBue OeHCTBUSI MOHHU3HMPYIOLIETO H3ITYy4YEHHs B KIETKaX BO3HUKAIOT
MOBPEXICHHUA B TEHOME, B PE3yIbTaTe KOTOPBIX KJIETKA MOXKET MOrMOHYTh. BhDKHBaHME
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KJIETKH BO3MOXKHO B Cllyyae aKTHBAllMM BHYTPHUKJIETOUHBIX CHCTEM pEMapaly U, Kak
CIIE/ICTBUE, PA3BUTHUs afanTanuu. Pesymprar oOmyueHus! TIaBHBIM 00pa3oM 3aBHCHT OT
COCTOSIHUSI QHTHOKCUJAAHTHO-TIPOOKCHIAHTHOTO romeocTta3a. Hamm o6napykeHo, uTO
XPOHMYECKOE HHM3KOMHTEHCHBHOE Y-OO0Ny4YeHHE TNPHUBOAUT K YBEIWYEHHIO KOIMYECTBA
MAaTOJIOTHYECKUX (OPM KIETOK M PACHIMPEHHIO CIIEKTpa MaTOJOTHH B TPaHYJIOLHUTAPHOM
pPOCTKE KOCTHOTO MO3ra. B spHTpOLMTapHOM pPOCTKE CHEKTP AHOMAIbHBIX KIIETOK
COKpAIIAJCS, OHAKO YBEIMYHMBAIACh YACTOTAa AHOMATBHBIX (POPM KIIETOK.

Kntouegvie cnosa: XpoHMIECKOE HU3KOMHTEHCUBHOE Y-H3ITydeHHE, KOCTHBIH MO3T,
IpaHyJIOLUTAPHBINA POCTOK, S3PUTPOUIHBIN POCTOK.



