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BIIJINB IOZATKOBOI'O TOCTPOI'O OITPOMIHEHHA HA
IIUTOMOP®OJIOTTYHI IOPYIITEHHS EPUTPOIINTIB KAPACA
CPIBJISICTOIO (CARASSIUS GIBELIO BLOCH) I3 3ABPYJIHEHOI1
PAIIOHYKJIIZIAMUY BOJIOMIMHA

MerTa: ouiHKa BNMBY AOJATKOBOMO rocTporo onpomiHeHHs (A0) y cybnetansHoMy Aiana3oHi Ha 0cobanBOCTI hopmy-
BaHHs AKICHOTO CKNnajy 4YepBOHOT KPOBi Ta ajanTauiiiHi MOXIMBOCTI KPOBOTBOPHOI cucTeMn pub y 3abpymHeHUX
pafioHyKniaamu BofoiMax B Mexax HopHoOunbCbKoi 30HM BiguyxeHHs (Y3B).
Marepianu i meToam pocnipkennb. locnipxyBanu kapacs cpibnacroro Carassius gibelio Bloch (Bikom 2-3 poku) 3
03. BepwuHa (imnakTHa Bogoima y Y3B) i 03. [libpoBa (petdhepeHTHa BOLOMMA), ANA AKNUX yCepefHEHA MOTYXHiCTb
nornuHeHoi go3u (MNA) ctaHosuna BignosigHo 110,80 i 0,07 mklp/rog. Pub ogHOpa3oBo ONpoMiHIOBaNW Ha peHTre-
HiBCbKil ycTaHosui PYM-17 (MNA - 0,89 p/xB) y fo3ax 2,5; 5,0 abo 10,0 [p. MopdonoriuHi i yutoreHeTUYHi gocnia-
)KE€HHs YepBOHOT KPOBi BUKOHAHO B AMHaMili Ha 1, 7 i 30-Ty foby nicns onpomiHeHHs. KpoB Bigbupanu 3 xBoCcToBOi
BeHu i hapOysanu 3a NMannexreitmom. LiutomopdonoriyHi nopylweHHs eputpouuTie aHanisysanu Ha 3000 kniTuH (%o).
Pesynbratu. Y kpoBi pub imnakTHoi BogoiMu (03. BepwuHa) Ha nepwy foby nicns A0 cepepHs KinbKicTb BCix TUMiB
pedopmaLin KniTMH epuTpouuTiB 3pocna y 2,1 pasa, a 'y pub pedepeHTHoi Bogoimu (03. [libpoBa) — y 5,2 pasa. 3a-
ranbHWi CNEKTP NOpYLIEHb ePUTPOLUTIB Y pub 03. BeplwuHa 36inbwmsces 3 4 go 6 tunis (y 1,5 pasa), a 03. [libposa —
32105 (y 2,5 pasa). OgHak nofanblui CNOCTEPEXEHHS 33 [UHAMIKOK MOPGHONOriYHMX NOPYLWEHb EPUTPOLUTIB pUb 3
03. BepwuHa Ha 7-my i 30-Ty goby nicna A0 BUABMAKM 3HAYHE NOCUIEHHS MATONOMIYHUX NPOLECIB MOPIBHAHO 3 pe-
(epeHTHOI BOAOIIMOID, @ CaMe — 36inblueHHs KinbKoCTi rpybux nowkomxeHs monekyn AHK — amiTo3iB (B cepeaHbo-
My B 14,8 pasa), epuTpoLuTiB 3 Neperopoakoto B aapi (B 1,9 pa3a), a TaKoXK CTPYKTYPHUX NOPYLEHb B KNiTUHAX — Npo-
Tyb6epaHLis (B 10,5 pasa), KNiTUH 3 BakyoiizoBaHot uuTonaasmolo (B 8,6 pasa).
BucHoBKU. KniTuHK yepBOHOT KpoBi pub iMNakTHOT BOJOIMM BUABNAIOTL Ginbly ypaznusictb o A0, Wwo npossnseTh-
cA y 36iNblIEHH] KiIbKOCTi epUTPOLIMTIB 3 NATONOrIED MiTO3Y i MOXe CBIAYUTU NPO NOPYLIEHHSA TEHETUYHUX CTPYKTYP
KNiTUH BHACNiAOK TPMBANOro pagialinHoro BNauBY.
KniouoBi cnoBa: YopHobuibcbka 30Ha BigUyKeHHs, pafioHyKnifHe 3a0pyaHeHHs, puby, nepudepnyHa Kpos, foaat-
KOBE roCTpe ONpPOMiHEHHS, MOPGOOrivHi NOpYLIEHHS ePUTPOLUTIB.
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EFFECT OF ADDITIONAL ACUTE IRRADIATION ON
CYTOMORPHOLOGICAL ABNORMALITIES OF ERYTHROCYTES
OF THE PRUSSIAN CARP (CARASSIUS GIBELIO BLOCH) FROM
WATER BODY CONTAMINATED WITH RADIONUCLIDES

Objective. Assessment of the effect of additional acute irradiation (AAI) in sub-lethal range on the peculiarities of
formation of qualitative composition of red blood and adaptive possibilities of the hematopoietic system of fish in
reservoirs within the Chernobyl Exclusion Zone (CEZ), contaminated with radionuclides.
Materials and methods. We studied the Prussian carp Carassius gibelio Bloch (2-3 years old) from Vershyna Lake
(impacted reservoir in the CEZ) and Dibrova Lake (reference reservoir), where the average absorbed dose rate (ADR)
was, respectively, 110.80 and 0.07 uGy/h. The fish were exposed by a single X-ray dose at the unit RUM-17 (ADR -
0.89 Gy/min) at dose of 2.5, 5.0 and 10.0 Gy. Morphological and cytogenetic studies of red blood cells were per-
formed dynamically for the 1%, 7" and 30" day after irradiation. The blood was taken from the tail vein and stained
by Pappenheim’s method. Cytomorphological abnormalities of erythrocytes were analyzed for 3000 cells (%o).
Results. In blood of fish from the impacted reservoir (Vershyna Lake) on the 1st day after AAL the average number
of all types of deformations of erythrocytes cells increased in 2.1 times, and in fish of the reference reservoir
(Dibrova Lake) —in 5.2 times. General spectrum of erythrocyte disturbances in fish of Vershyna Lake has increased
from 4 to 6 types (in 1.5 times), and Dibrova Lake — from 2 to 5 types (in 2.5 times). However, further observations
of the dynamics of morphological disorders of fish’s blood cells from Vershyna Lake on the 7™ and the 30" day after
AAI showed a significant increase in pathological processes in comparison with the reference reservoir, namely — an
increase in the number of gross damage of DNA molecules — amitosis (on average in 14.8 times), erythrocytes with
septum in the nucleus (in 1.9 times), as well as structural disorders in the cells — protuberances (in 10.5 times), cells
with vacuolate cytoplasm (in 8.6 times).
Conclusions. The red blood cells of the fish of the impacted reservoir show a greater vulnerability to AAIL which
manifests itself in an increase in the number of erythrocytes with pathology of mitosis and may indicate a violation
of the genetic structures of cells due to long-term radiation exposure.
Key words: Chornobyl Exclusion Zone, radioactive contamination, fish, peripheral blood, additional acute irradia-
tion, morphological disorders of red blood cells.
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BCTYII

PanionyknigHe 3a0pyaHeHHSI BOOONM CHPUYUHSIE
Pi3HOI CKJIaIHOCTi YIIKOIKEHHS TiApOOiOHTIB, cepen
SIKUX HauOinbll pagialiiHO-ypa3aIMBUMU € PUOU
[1-5]. KpoBoTBOpHa cucTemMa pud BUSIBIISIE BUCOKY
YyTJIMBICTh 10 Ail paaialifiHOro YyMHHUKA. Bigomo,
110 3MiHM Yy CKJIaJi KpOBi BUHMKAIOTh HaBiTh 3a il Ha
OpraHi3m MOpiBHSHO MaJuX J03 iOHiI3yBaJIbHOIO OIl-
pomiHeHHs [6, 7]. I xoya reMaToJIOTIYHI JOCTiIXKEH-
HS B Mexax YopHOOMILCHKOI 30HU BiguyXeHHS
(Y3B) BuKOHYBaJlMCh MepeBaxkHO Ha CCaBLSIX, Ha-
SBHI JaHi eKCIepUMEHTaJbHUX POOIT, a TakKoX
JOCJiIXeHb, BAKOHAHUX Y iHIIMX 30HaX aBapiiiHOro
BIUIMBY IIiINPUEMCTB SIAEPHOIO IMAJMBHOTO LIMKITY

P«INatalia A. Pomortseva, e-mail: natapomorceva@gmail.com

INTRODUCTION

Radioactive contamination of water bodies causes
various difficulties in damaging hydrobionts, among
them the most radioactive-vulnerable are fish [1—5].
The hematopoietic system of fish exhibits high sen-
sitivity to the impact of the radiation factor. It is
known that changes in blood composition occur
even when the body acts on comparatively small
doses of ionizing radiation [6, 7]. Although hemato-
logical studies within the Chornobyl Exclusion Zone
(CEZ) were performed mainly on mammals, avail-
able experimental data and studies carried out in
other areas of emergency exposure of nuclear fuel
cycle enterprises (in particular the Mayak Production
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(3okpema, 10 «Masik», Yensabinceka 00671., PD),
CBiUaTh, 110 iOHi3yBaJibHE OIMPOMIHEHHS Yy MaJluxX
J03axX IIPU3BOAUTH A0 MOPYIIEHb CUCTEMU KPOBOTBO-
penHs [1, 8] Tta 3pocTaHHS MOpP(OJOTiYHUX aHO-
MaJiil KJIiTUH KpoBi y pubd [9—135].

Hocnimkenns [12, 16] cBimuaTh, 110 3a TPUBAJIOLO
pamialiiiHOro HaBaHTAXXEHHSI Yy MaJIMX J03aX B KJIITU-
Hax >XKMBMX OpraHi3MiB He 3aBXKIM BinOyBaloThCs TPyoOi,
MOpGOJIOTiYHO TOMITHI TopyiieHHs. Haltyacrime 1ri
MOPYILIEHHSI HOCSITh JIATEHTHUM XapakTep i MOXYTh
nepenaBaTUCS y HU3LI MTOKOJiHb. ToMy 0c0o011BOI aK-
TyaJIbHOCTi HaOyBarmOTh JOOCHIIKEHHS, TOB’g3aHi 3
OLIIHKOI0 e(EeKTUBHOCTI JOAATKOBOTO TOCTPOrO OIl-
pomiHeHHd (JII'O) TBapuH, Ki MEILIKAIOTh Y NPUPOI-
HUX €KOCHCTeMaX B yMOBaX TPHMBAJIOTO pPamiOHyK-
JIITHOTO 3a0pYAHEHHS, i SIKi TIeBHUM YMHOM MOXKYTh
JaTu BiIMOBiIb HA MUTAHHS — YU BinOyBarOTbCs agar-
TaliiiHi Mpouecu y >KMBUX OPraHi3MiB, sIKi 3a3Halu
XPOHIYHOTO pamiallifHOTO BILINBY?

META JOCJIIIZKEHHSI

Ouinka BBy JAI'O y cyGaeTtasibHOMY Jiana30Hi Ha
0Cc00IMBOCTI (hOpMyBaHHSI SIKICHOTO CKJIaAy YepBOHOI
KpOBi Ta ajanTaliiiHi MOXJIMBOCTI KPOBOTBOPHOI CHC-
TeMU pUO y 3a0pyTHEHUX PadiOHYKIIiTaMy1 BOJIOMax B
mexkax U3B.

MATEPIAJIN 1 METOJIN

s excriepuMeHTalbHUX AOCHiIXEHb BUKOPUCTA-
mm 192 ocobuHu Kapacsa cpibasicroro Carassius
gibelio Bloch (Bikom 2—3 poku) 3 03. Bepmwuna
(immakTHa Bomoiima y U3B) i 03. JlibpoBa (pedepe-
HTHa BoAoiMa 3 ¢OHOBUM piBHEM PaaiOHYKJIiZHOIO
3a0pyaHEHHs ), OIS SIKUMX cepedHsl MOTYXHICTb MOr-
muuaenoi mo3u (III1J) cTaHoBMIa, BIAITOBIIHO,
110,80 i 0,07 mkIp/ron. JlomaTkoBe ONMpPOMiHEHHS
pu6 mpoBoauau Ha 0a3i JlepxkaBHOI YCTaHOBHU
«HauioHanpHuit iHCTUTYT paky» MO3 VkpaiHu.
Pu6 opgHopa3oBO OIpOMiHIOBaAM Ha PEHT-
reHiBCchbKiit ycraHoBui PYM-17 y nosi 2,5; 5,0 a6o
10,0 Ip (TII14 — 0,89 Ip/xB). AHanizyBaju Bicim
BUOIpoK pub mo 24 oCOOMHM y KOXHiil — Tpu
BUOIpKM, ONMPOMiHEHi y pPi3HUX [O03aX, i HEOoIl-
pOMiHEHUI KOHTpPOJb AN 000X o3ep. Mopdo-
JIOTiYHi 1 HIUTOreHETUYHi1 JOCiIXEeHHS BUKOHAHO B
auHaMili Ha 1, 7 i 30-Ty 100y micjist onpoMiHEeHHS.
Bin xoxHO1 0cOOMHM BigOupanau KpoB 3 XBOCTOBOI
BEHM, pOOMJIM MO TpHW TpemnapaTtu nepudepiiiHoi
KpoBi i ¢apoOyBanu 3a IlanmenreiiMmom [17].
KinbkicHi i sKicHi MoOpQOJOriyHi MNOpyLIeHHS
epuTpouMTiB aHanidyBanu Ha 3000 kiituH (%o).

Association, Chelyabinsk region, Russia) indicate
that ionizing radiation in small doses leads to viola-
tions of the system of hematopoiesis [1, 8] and the
growth of morphological anomalies of blood cells in
fish [9—15].

The studies [12, 16] show that rough, morpho-
logically significant violations do not always
occur in long-term radiation exposure in small
doses on living body cells. Often, these violations
are latent in nature and can be transmitted in a
number of generations. Therefore, studies related
to the assessment of the effectiveness of addition-
al acute irradiation (AAI) of animals that live in
natural ecosystems under long-term radioactive
contamination are of particular relevance, and
which can somehow answer the question — are
there adaptation processes in living organisms
that have undergone by the chronic radiation
exposure?

OBJECTIVE

Assessment of the effect of AAI in sub-lethal range
on the peculiarities of formation of qualitative com-
position of red blood and adaptive possibilities of the
hematopoietic system of fish in reservoirs within the
CEZ, contaminated with radionuclides.

MATERIALS AND METHODS

For experimental research, 192 specimens of the
Prussian carp Carassius gibelio Bloch (aged 2—3
years) from Vershyna Lake (impacted reservoir in
the CEZ) and Dibrova Lake (reference reservoir
with background level of radioactive contamina-
tion), for which the average absorbed dose rate
(ADR) was, respectively, 110.80 and 0.07 uGy/h.
Additional irradiation of fish was carried out on the
basis of the National Cancer Institute of the
Ministry of Health of Ukraine. The fish were
exposed to one-time X-ray irradiation at the unit
RUM-17 at dose of 2.5, 5.0 and 10.0 Gy (ADR —
0.89 Gy/min). Eight fish samples were analyzed in
24 individuals in each — three samples, irradiated
with different doses, and none-irradiated control
for both lakes. Morphological and cytogenetic stud-
ies performed dynamics on the 1%, 7" and 30™ day
after irradiation. Blood was taken from the caudal
vein, done on three smears of peripheral blood from
each individual and stained by Pappenheim method
[17]. Quantitative and qualitative morphological
disorders of erythrocytes were analyzed for 3000
cells (%o).
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Ouinky I nist pu6 y NpupoaHUX BOAOMMaxX BUKO-
HYBaJIM Ha OCHOBi JAHUX MUTOMOI aKTMBHOCTI T'OJIOB-
HHUX [T030yTBOPIOBAJBHMX pamioHyKIiaiB *Sr i 'Cs y
BOJIi, JOHHUX BiIKJIagax i TKAHWHAX pub 3a JOITOMOTOI0
nporpamHoro 3ade3nedeHHss ERICA Assessment Tool
1.2.1. CtatucTuHY OOpOOKY TaHUX MPOBOAUIIM 3 BUKO-
PUCTaHHSM 3araJIbHONIPUHHATUX MeTomiB [18, 19] i 3a
nporomoroto porpaM MS Excel Ta STATISTICA 5.5.

ITaTomMopdosoriyHi 3MiHM CTPYKTYPU €PUTPOLIUTIB
ineHTUdikyBanu 3rigHo 3 [20] i momiasin iX Ha CTPyK-
TYypHi TIOpYyIIeHHS i mopyieHHsT MmiTo3y (puc. 1). /1o
CTPYKTYPHMX MOPYIIEHb BiTHOCWJIM TaKi:

1) nedopmatis sigpa, abo iHBariHaLisl — SAPO Mae
HenpaBubHY (GopMy IpU 30epeXeHHI HOPMaTbHUX
pO3MipiB, CTPYKTypa XpOMaTUHY siipa Ta po3Mipu ca-
MOi KJITMHM TaKoX BiAINOBiZaloTh HOpMi (Bim3Ha-
YAETHCA TP TSKKUX TOKCUKO3aX Y CTaBKOBMX i 03ep-
HUX puod);

2) TIpPUCTIHKOBE SIIPO — pO3TallloBaHe He B IICHTPI, a
3MillleHe [0 Kpaw LUTOIUIa3MM, iHOAI CTUKAEThCS 3
000JIOHKOI0 (BUHUKAE BHACITIOK IMMOPYILIEHHS TYPropy
KJIITMHU, SIK MPaBUJIO MPU HAOyXaHHi);

3) BakyoJIi30BaHa IATOIIa3Ma — TaK 3BaHEe «3aKMITaH-
HsI» LIATOTIa3MM BHACiIOK HAaOpsSIKaHHS MiTOXOHIPIM
i IecTpyKilii MeMOpaH opraHers;

4) MiKHO3 — YIIiJIbHEHHS 0a3UXpOMAaTUHY spa, SIKe
CTa€ TEMHHUM i O€3CTPYKTYpHUM, PO3MipU KJIITUHU
3MEHIYIOThCSI (BUHUKAE B TPOLIECi aIoITo3y MpHU
CTapiHHi KJITUH);

5) KapioJli3 — pO3UMHEHHS YaCTUHU siapa 3i 30epexKeH-
HSIM 10r0 HOPMAaJIbHOI CTPYKTYPU;

6) MIKpOLIMT — 3MEHIIIEH] Y 4—6 pa3iB epUTPOLIUTH, SIKi
YTBOPIOIOTHCS 3 APIOHUX epUTPOOIACTIB Y KPOBOTBOP-
HOMY OpraHi, abo mpu po3Mali caMHUX E€PUTPOLIUTIB
MIpU IIPOXOMXKEHHI KPOB’SIHOTO pyCJia;

7) mucrouuTu — 0e3’sAmepHi parMeHTH epuTpo-
LIUTIB;

8) 1MTOJI3 — pO3Maj KIITUHU, NPU SIKOMY LIUTOILIA3-
Ma yYacTillle BiACYTHSI, SIIPO BTpaya€e CBOIO 3BUYANHY
CTPYKTYpY, a AIOT0 KOHTYPM PO3IJIMBYACTI (Y TSIKKUX
BUIIAJIKaX MOXHA BMSIBUTU TiJIbKUA 3aJMIIKM Sapa i
3€PHUCTICTH);

9) XpoMaTHHOJII3 — PO3Maa XpOMaTHUHY 3 BTPaTOIO O-
IO HOPMAaJIbHOI CTPYKTYpH, SIIPO 3a0apBIIOETHCS Y
CBITJIMIT KOJip, HIOTO KOHTYpU 30€piratoThcsi;

10) mpoTyOGepaHLi — BUXil XpOMaTUHOBUX HUTOK s1apa
Y BHYTPILIHBOKJIITUHHUIA TIPOCTIp;

11) kapiopekcuc — sgapo, 30epiraloun 000JIOHKY, IMO-
YUHAE PO3KJIAaTUCSI HA OKPEeMi YaCTUHU.

Jlo mopyuieHb MiTO3y KJIiTMH BiTHOCUJIU TaKi ¢hopMu
(puc. 1, M—C):

The assessment of ADR for fish in natural waters
was performed on the basis of the data of the specif-
ic activity of the main dose-forming radionuclides
“Sr and '¥’Cs in water, bottom sediments and fish
tissues using the ERICA Assessment Tool 1.2.1 soft-
ware. Statistical data processing was performed
using commonly used methods [18, 19] and using
MS Excel and STATISTICA 5.5 programs.

Pathomorphological changes in the structure of
erythrocytes were identified according to [20] and di-
vided into structural disorders and disorders of mito-
sis (Fig. 1). Structural disorders include the following:
1) deformation of the nucleus, or invagination — the
nucleus has an irregular shape while maintaining
normal size, the structure of the chromatin of the
nucleus and the size of the cell is also correspond to
the norm (observed in severe toxicosis in pond and
lake fish);

2) parietal nucleus — is located not in the center, but
displaced to the edge of the cytoplasm, sometimes
encounters the shell (occurs as a result of violation of
the cell’s turgor, as a rule, when swelling);

3) vacuolate cytoplasm — the so-called «boiling» of
the cytoplasm due to swelling of mitochondria and
destruction of organelle’s membranes;

4) piknosis — the consolidation of the basechromatin
of the nucleus, which becomes dark and unstruc-
tured, the size of the cells decreases (occurs during
apoptosis when aging cells);

5) karyolysis — dissolution of a part of nucleus with
preservation of its normal structure;

6) microcyte — reduced red blood cells in 4—6 times,
which are formed from small erythroblast in the
hematopoietic organ, or when the erythrocytes col-
lapse at the passage of the bloodstream;

7) schistocyte — non-nuclear fragments of erythro-
cytes;

8) cytolysis — cell disintegration, in which the cyto-
plasm is absent more often, the nucleus loses its
usual structure, and its contours are vague (in severe
cases it is possible to detect only the remnants of the
nucleus and granularity);

9) chromatinolysis — the disintegration of chromatin
with the loss of its normal structure, the nucleus is
painted in light color, its contours are preserved;

10) protuberanses — the output of the chromatin
threads of the nucleus into the intracellular space;
11) karyorrhexis — the nucleus, while storing the cell
envelope, begins to decompose into separate parts.

The disorders of cells’ mitosis were the following
forms (Fig. 1, M—S):
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PUCYHOK 1. CTpyKTYpHi nopyLieHHA epuUTPOLMTIB.
(A) HopmanbHUI epuTpoumnT; (B) aedopmauia agpa; (B) npuctiHkose s4po; (M) BakyonisosaHa umtonnaama; () nikHos; (E)
npoTtybepaHuj; (€) kapionis; (K) mikpounT; (3) wuctoumnT; (1) umTonis; (K) xpomaTtunHonis; (J1) kapiopekcuc. MopyLleHHst MiTo-
3y: (M) mikposigpo; (H) amitos; (O) asosaepHuii eputpounT; (M) noninnoigHnii eputpounT; (P) neperopoaka B 94pi; (C) Tpu-
A0EPHUIN EPUTPOLLAT.

Figure 1. Structural disorders of erythrocytes.

(A) normal erythrocyte; (B) deformation of nucleus; (C) parietal nucleus; (D) vacuolate cytoplasm; (E) piknosis; (F) protuber-
anses (G) kariolysis; (H) microcyte; (1) schitocyte; (J) cytolysis; (K) chromatolysis; (L) karyorrhexis. Disordes of mitosis: (M)
micronucleus; (N) amitosis; (O) double-nucleus erythrocyte; (P) polyploid erythrocyte; (R) septum in the nucleus; (S) triple-

nucleus erythrocyte.

> aMiT03 — MPSIMUI TTOIII SApa, IIPU SIKOMY BOHO ITe-
peLIHYPOBYIOUKCH HAOyBa€ (h)OpMU TaHTEi;

> JIBO- a00 TpUSIIEPHUI €PUTPOLIUT — B CEpPearHi
HOPMAaJILHOI 32 PO3MipOM KJIITUHM 3HAXOASIThCS IBa
abo Tpu si/ipa, po3MipH i (popma siep He BiaoBiIal0Th
HOpMaM, TOHi SIK CTPYKTypa XpOMATHHY Bi3yaJIbHUX
BiIXMJIeHb He Ma€e (ogHa 3 (OpM IAaTOJOTITHOTO
amiTosy);

> TOJIIJIOITHUI €PUTPOLIMT — KJIiITUHA Ta SIAPO Bil-
PIi3HSIIOTBCS BEJTUKHUMU PO3MipaMu;

> Meperopojka B sipi — HOpMaJIbHE 32 PO3MIpOM i
¢dopMoI0 A1po Ma€e TTocepearHI YiTKO BUPaXKEHY Tepe-
TOPOJKY, IIO MOXKE PO3IJISIATACS SIK TTOPYIICHHS 11~
TOTOMil;

> MIiKposIIpo — (pparMeHT siapa B KITiTHHI.

O1iHKY JOCTOBIpPHOCTI BiIXWJIEeHb OTPUMAHUX pe-
3yJbTaTiB JJIS1 KiJIbKICHUX MOKA3HUKIB Bifl KOHTPOJIb-
HOro piBHSI MPOBOAWJIM 3a KpuTepieM CTblOAEHTA,
PO3XOMIKEHHSI BBaXKAJIM CTATUCTUYHO 3HAUYIIUMU IIPU
p <0,05. 3B'130K MixX IesIKUMU MOKAa3HUKAMU OLIiHIO-
BaJiy 3a JOMOMOTIOIO perpeciiitHoro abo KopesauiiiHo-
ro aHai3y.

> amitosis — a direct division of the nucleus, in
which it becomes a jumble of forms of dumbbells;
> double- or triple-nucleus erythrocyte — in the
middle of a normal sized cell there are two or three
nuclei, the size and form of the nuclei do not meet
the norms, while the chromatin structure does not
have visual deviations (one of the forms of patholog-
ical amitosis);
> polyploid erythrocyte — cell and nucleus are large
in size;
> septum in the nucleus — the normal in size and
form of the nucleus is in the middle of a clearly
defined septum, which can be considered as a viola-
tion of cytotomy;
> micronucleus — fragment of the nucleus in the cell.
The evaluation of the authenticity of the deviations
of the results for the quantitative indicators from the
control level was performed according to Student's
criterion, the differences were considered statistical-
ly significant at p < 0.05. The relationship between
some indicators was estimated using regression or
correlation analysis.
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PE3VJIBTATU TA IX OBTOBOPEHHS4

AHaJi3 Ma3kiB nepudepiiHoi KpoBi KOHTPOJbHOI BU-
0ipku Kapacs 3 03. [1iopoBa 1okasas, 1110 CepeHs yac-
TOTa BUSIBJICHUX TOPYIIEHb B KJIITUHAX KPOBi CTaHO-
Buth (1,7 £ 0,2) %o0. Cepen OCHOBHMX THIIIB IOPY-
IIIEHb y KPOBi IepeBaxKaii epUTPOLIUTH 3 AeopmMalri-
€10 s1Ipa i UUTOJI3. Y 101aTKOBO HEOIIPOMiHEHUX pUO
3 03. BepiuHa cepes mopylieHb nepeBaXkaiu epuTpo-
IIUTU 3 TIPUCTIHKOBUMM SiApaMu, AedopmMaliieto siapa,
LMTOJII30M 1 BaKyoJji3alli€lo LMTOIUIA3MU. 3arajbHa
yacToTa NOpYyLIeHb B epUTpoLIMTax pud 3 03. BepiunHa
craHoBmIa B cepenHboMy (9,0 £ 1,5) %o. [1pu ubomy
3yCTPiYaJIbHICTh €PUTPOLIMTIB 3 BaKyOJ1i30BaHOIO LIM-
TOIUIA3MOIO i LMTOMI30M Oyna Haiobinbiiol. ITopy-
LIEHb MITO3Y Y HEOIMPOMiHEHUX JOAATKOBO pUO 3 000X
03ep HE 3apeECTPOBaHO.

Ha 1-my noOy micas onpoMiHeHHS y 103i 2,5; 5,0
a6o 10,0 I y pub 3 000x 03ep crocTepiraiau 3arajbHy
TeHJEHLiI0 A0 30iMblIEHHS] KiIbKOCTI €pUTPOLIUTIB 3
MopdoaoriYHUMHU TTOopyLIeHHAMU. OTIpOMiHEHHS pUoO
3 03. JliopoBa y n03i 2,5 Ip He BUSIBUIO 3HAYHOIO
30i7bIIEHHS] YaCTKM KJIITMH 3 MOPYLICHHSIMU, aje 3i
30iMbIIeHHAM 1031 ompoMiHeHHsa mo 5,0 i 10,0 Ip
cIocTepirajay 3pOCTaHHS KiJIbKOCTi TTOPYIIEHb B €PUT-
pouurax y 5,6 i 8,8 pasa, BigmosigHo. Takox y 2,5 pa-
3a 30UIbIIMIIOCS] PI3HOMAHITTS BUIiB MOPYIIEHb, 30K-
pema, 3’gBuiacd 3HAYHaA KiUIbKICTh KJIITUH 3 Baky-
OJ1i30BaHOIO IIUTOIJIa3MOI0, IMIKHO30M i KapiopeKcu-
coM (puc. 2 A).

YV pu6 3 03. BepiiuHa Ha 1-11y 1o0y micis JIT'O Oyio
BUSIBJICHO 301IbLIEHHST KIJIBKOCTI KJIITUH 3 LIUTOJIi30M

RESULTS AND DISCUSSION

Analysis of the peripheral blood smears of a control
sample of the Prussian carp from Dibrova Lake showed
that the average rate of detected disorders in blood cells
is (1.7 = 0.2) %o. Among the main types of abnormal-
ities in the blood, erythrocytes with deformation of the
nucleus and cytolysis prevailed. In additionally irradi-
ated fish from Vershyna Lake among disturbances was
dominated by erythrocytes with parietal nucleus,
deformation of the nucleus, cytolysis and vacuolate
cytoplasm. The general frequency of violations in ery-
throcytes of fish from Vershyna Lake was on average of
(9.0 £ 1.5) %o. At the same time, the level of erythro-
cytes with vacuolate cytoplasm and cytolysis was high-
est. No disturbance of mitosis in additionally non-irra-
diated fish from both lakes is not registered.

On the 1* day after irradiation at a dose of 2.5, 5.0
and 10.0 Gy in fish from both lakes, a general trend
was observed in the increase of number of erythro-
cytes with morphological disorders. Irradiation of
fish from Dibrova Lake in a dose of 2.5 Gy did not
show a significant increase in proportion of cells
with disorders, but with increase in radiation dose to
5.0 and 10.0 Gy, an increase in the number of viola-
tions in erythrocytes was observed in 5.6 and 8.8
times, respectively. Also, the variety of types of dis-
orders increased in 2.5 times, in particular, a signifi-
cant number of cells with vacuolate cytoplasm,
piknosis and karyorrhexis appeared (Fig. 2 A).

The fish from Vershyna Lake for the Ist day after AAI
was found to increase the number of cells with cytoly-

I Kapiopekcuc / Karyorexis A/A

I Liutonis / Cytolysis
I NikHo3 / Pyknosis
BakyonizoBaHa yutonnasma / Vacuolated cytoplasm
I Mpucritkose aapo / Parietal nuclei
I [ledbopmauis aapa / Deformation of nucleus

16 1
14 |
12
10 H

%o 8

03. [ibposa
Dibrova Lake

KoHTponb

Control ' nornunena posa, Ip / Absorbed dose, Gy

I Kapiopekcuc / Karyorexis B/B

I LiyTonis / Cytolysis
I NikHo3 / Pyknosis
BakyonizosaHa uutonnasma / Vacuolated cytoplasm
I NpuctiHkose agpo / Parietal nuclei
I [ledopmauin saapa / Deformation of nucleus

03. BepwuHa
H Vershyna Lake|---

L —

KoHTponb
Control

2,5 50 10,0
MornuHeHa pos3a, 'p / Absorbed dose, Gy

PUcCyHOK 2. CTpyKTypHi nopyleHHa eputpouuTiB y KpoBi pu6 3 03. JliopoBa (A) i 03. BepwuHa (b) Ha nepuwy

Ao6y nicna Aro

Figure 2. Structural disorders of erythrocytes in the blood of fish from Dibrova Lake (A) and Vershyna Lake

(B) on the first day after AAI
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y 3,5 pa3za npu onpoMiHeHHi pud y 103i 2,5 Ip, npu on-
pomiHeHHi y 1o3i 5,0 Ip y 2,4 pa3a 3pic BUXia KJIiTUH 3
nikHo3oM (puc. 2 b). 3rimHo 3 mocmimkenusasMu [21]
MiKHO3 SJIep € ONHIEI0 3 XapaKTepHUX O3HAK iHTepda3-
HOI 3aru0esi KIITMHHUX MOMyJsUiil nepudepiitHoi
KpoBi. KpiM Toro, aBTopy HaroJouyloTh, 110 MaIUKi
BUXiJ KJIITUH 3 MTIKHO30M SIAEP MOXe OyTrU 00yMOBIIE-
HUM aKTUBAalli€l0 (paroluTapHOi CUCTEMU, 30Kpema, 3a
paxyHOK 30iJbIIEHHS KiJIBKOCTI HEUTpOisliB i MOHO-
uutiB. Ilpu onpomiHeHHi pub y mosi 10,0 Ip cmoc-
Tepiraan 30iTbIIEHHS KIITUH 3 AedopMalli€io sapa —
10 (5,7 £ 0,6) %o i 3 BaKyoJ1i30BaHOIO IIUTOILIA3MOI0 —
10 (9,6 £ 1,9) %o, a TakoxX 3’SIBWINCS KITHUHU 3
KapiopekcucoMm. OpgHakK HaWOiIbIIY 3arajibHy Kijlb-
KiCTh TOpYLIEHb €PUTPOLMUTIB CHOCTEPIrajJu B KPOBi
puo, ONMpPOMiHEHUX Y MiHiMaJbHii 1o3i 2,5 Ip.

TakuM ynHOM, Ha 1-11y moOy micasg AT'O y pub 3
03. BepiyHa BUXig MaKCMMaJabHOIO YHMCJa KIiTUH 3
TaKMMU CTPYKTYPHUMM IIOPYIICHHSIMU, SIK LIMTOJII3,
MiKHO3, BaKyoJli30BaHa LIMTOIJIa3Ma i aecopmaliis sii-
pa, 3apeecTpoBaHUii 3a MiHiMaJIbHOI 1031 OMPOMiHEH-
Hs — 2,5 Ip. Y kapaciB 3 03. [lidbpoBa OyB Big3HaueHU
YITKUI 10303aJIesKHUI e(PeKT — 3i 30iIbIICHHIM 1031
OINMPOMiHEHHSI CIOCTepirajv MiABUILEHHS KiJIbKOCTi
JNEeCTPYKTUBHUX KIIITUH epuTpouuTiB. [TopyireHp Mi-
TO3y B KJIITMHAX €PUTPOLIUTIB HA Meplly A00y Micis
AT'O nns pub 060X 03ep He BUSBICHO.

3a3zBuyaii 1o 7-1 100U Micist OMpOMiHEHHS MTOHOB-
JIIOEThCS TIpoJlichepallist KJITUH, 110 BUXWIU B KPO-
BOTBOPHUX OpraHax, 3Ha4Ha 4YacTMHA iX OyJjia ITOII-
KOJXeHa i crajla He3gaTHOI a0 0araTopa3oBOTro
noxiny [7]. AHami3 CTpyKTypHUX MOPYILIEHb €PUTPO-
IIUTiB KpoBi y pub 3 03. BepmmnHa Ha chbomy n0OYy
niciga AI'O BugBUB 30iJIblIEHHS Pi3HOMAHiTHOCTI
BUAIB TIOPYIIEHb EPUTPOUMTIB y mnepudepiiiHii
KpoBi. IleBHi mo303aexHi 3MiHU crocTepiraiu s
KJIITUH 3 nedopmali€elo sgapa, 4acToTa MOpYylLIeHb
SKUX 30UTbIIMIACS 3 TIABUIIEHHSIM MOMIMHEHOI 103U
AT'O (puc. 3 A).

Pemira TumiB mopyieHb BUSIBUJIACS OiNbII YyTIM-
BOIO 10 ONPOMiHEHHS y f03ax 2,51 5,0 Ip, npu skux Ha
CbOMY 100y BinOyBaBcSl MakKCHMMaJIbHUIA BUXiJ aHO-
MaJibHUX KJIiTUH. byno BigMiuyeHO 30iiblIEHHS Kijlb-
KOCTI KJIITUH 3 IPUCTIHKOBUMM siipamu 10 1,3%o npu
onpoMiHeHHi y 103i 5,0 Ip i 3 mikHO30M — 10 2,6%0
npy ONpOMiHeHHi y 103i 2,5 Ip.

Ha 7-my po6y micag HAI'O y kpoBi pub 3 000x
JOCIiIKyBaHUX BOJOWM BIIepIle 3’SIBUINCS €pPUTPO-
LIUTU 3 maTojorieto mMito3y. Tak, y pub o3. liopoBa 0Oy-
JIN BUSIBJICHI EpUTPOLIUTHU 3 TIEPETOPOIKOIO ITiCIISI OII-
pomiHeHHd y 103i 2,51 5,0 Ip, y pub 3 03. BepmmHaa Ha

sis in 3.5 times with irradiation of fish at dose of 2.5 Gy,
as well as in 2.4 times increased rate of cells with pikno-
sis at irradiation in dose of 5.0 Gy (Fig. 2 B). According
to studies [21], the nucleus piknosis is one of the hall-
marks of the interphase death of cellular populations of
peripheral blood. Also, the authors emphasize that the
small output of cells with nucleus piknosis may be due
to the activation of the phagocytic system, in particular,
due to the increase in the number of neutrophils and
monocytes. At irradiation of fish in dose of 10.0 Gy, an
increase in cells with deformation of the nucleus was
observed — up to (5.7 & 0.6) %o and with a vacuolate
cytoplasm — up to (9.6 = 1.9) %o, as well as cells with
karyorrhexis. However, the largest total number of ery-
throcyte disturbances was observed in the blood of fish
exposed to a minimum dose of 2.5 Gy.

Thus, on the 1* day after AAI in fish from Vershyna
Lake the maximum number of cells with structural
disorders such as cytolysis, piknosis, vacuolate cyto-
plasm and deformation of the nucleus was registered
at a minimum dose of irradiation — 2.5 Gy. In fish
from Dibrova Lake a clear dose-dependent effect as
increase in the dose of irradiation resulted in an
increase in the number of destructive cells of red
blood cells was determined. Disturbances of mitosis
in erythrocyte cells on the 1st day after AAI for fish
of both lakes were not detected.

Usually until the 7" day after irradiation, the pro-
liferation of cells, that survived in the hematopoietic
organs, a significant part of which was damaged and
became incapable of multiple fragmentations [7].
Analysis of structural abnormalities of red blood
cells in fish from Vershyna Lake on the 7™ day after
AAI showed an increase in the diversity of types of
erythrocyte disorders in the peripheral blood.
Certain dose-dependent changes were observed for
cells with deformation of the nucleus, the frequency
of violations of which increased with an increase in
absorbed dose of AAI (Fig. 3 A).

Other types of violations were more sensitive to
irradiation in doses of 2.5 and 5.0 Gy, at which on
the 7™ day there was a maximum rate of abnormal
cells. An increase in the number of cells with parietal
nuclei up to 1.3 %o was observed at irradiation at
dose of 5.0 Gy and with piknosis — up to 2.6 %o at
irradiation at dose of 2.5 Gy.

At the 7" day after AAI in the blood of fish from both
studied reservoirs, for the first time appeared erythro-
cytes with pathology of mitosis. That is in fishes of
Dibrova Lake revealed erythrocytes with septum in
nucleus after irradiation at dose of 2.5 and 5.0 Gy, in
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PUcyHoK 3. CTpyKTypHi nopyleHHA epUTpo-
uutiB y KpoBi pu6 3 o3. lioposa (A), o3. Bep-
wuHa (b) Ta nopyweHHa mitosy (B) Ha 7-my
noby nicna Aro

Figure 3. Structural disorders of erythrocytes
in the blood of fish from Dibrova Lake (A),
Vershyna Lake (B), and disorders of mitosis
(C) on the 7' day after AAI

BCiX mpenapaTax OyJiv Bil3dHaueHi KJIITMHU 3 IBOMA TU-
MaMU MAaToJIOTil MiTO3y — aMiTO30M i 3 TIeperopoaKOoI0
B aapi (puc. 3 B).

Bigomo, 1110 aMiTo3 epUTPOLIMTIB € OJHUM 3 IaTO-
MOP@OJIOTIYHUX CTaHIB KJIITUH Y€PBOHOI KPOBi, SIKWiA
MoxXe OyTH BigHECeHO A0 MpoJliepaTUBHUX TOPY-
IIeHb KJITUHU. 3POCTaHHS KiJIbKOCTi €pUTPOLIUTIB 3
aMiTO30M, B CBOIO 4epry, MOXEe MaTh KOMIIEHCATOP-
HUIA XapakTep i OyTU MPOSIBOM ajanTaliiiHUX peakiiit
opraHiamy Ipu papianiiiHomy Bruiusi [12, 14]. 3a om-
poMiHeHHs y mo3i 10,0 Ip uei moka3HUK A1 puo 3 03.
Bepimna maB Haii6inbIne 3HadeHHST — (3,2 = 0,7) %o.

Y BuOipui pu6 3 03. BepunrHa, ormpoMiHEHUX Y 103i
2,5 Ip, peecTpyBanu 3MeHIIIEHHS 3aTaJIbHOI KiJIbKOCTi
rmopyuieHb B eputponurax 3 21,1 mo 7,6 %o (y 2,8 pa-
3a). [Ipu nbomy, y BUbGipKax, siki OyJu ONpOMiHEHi y
mo3ax 5,0 i 10,0 Ip, KiAbKicTh TOpyLIeHb 3pociia 3
15,0 o 17,1 %o (y 1,1 paza) ta i3 19,9 no 23,9 %o (y
1,2 paza), BinnosinHo (puc. 4 A—B). AHani3 npena-
paTiB KpoBi Kapacs 3 03. JlibpoBa Ha 7-My 100y eKc-
NepUMEHTY MoKa3aB 30iJblIEeHHS 3arajbHOl KiJlb-
KOCTi €pUTPOLIUTIB 3i CTPYKTYPHUMU MOPYIIEHHSIMMU.
TakuM ynHOM, Ha 7-My A00Yy CIlOCTepexXeHb Bia3Ha-
YeHO JOCTOBipHE 30ibIlIEHHS KJIITUH YEPBOHO1 KPOBi
3 TIOPYIIEHHSIMU MATOJIOrii MiTO3Y — aMiTO30M, Mepe-

fish of Vershyna Lake in all smears was marked by cells
with two types of mitosis’ pathology — amitosis and
erythrocytes with septum in the nucleus (Fig. 3 C).

It is known that amitosis of erythrocytes is one of
the pathomorphological states of red blood cells that
can be attributed to proliferative cell disorders. The
growth of the number of erythrocytes with amitosis,
in turn, may have a compensatory character and be
an expression of the adaptive reactions of the organ-
ism with radiation effects [12, 14]. At irradiation in
dose of 10.0 Gy, this indicator for fish from Vershyna
Lake was most significant — (3.2 £ 0.7) %eo.

In the sample of fish from Vershyna Lake, which
were irradiated at dose of 2.5 Gy, recorded a decrease
in the total number of erythrocytes from 21.1to 7.6 %o
(in 2.8 times). At the same time, in samples that were
irradiated with doses of 5.0 and 10.0 Gy, the number
of violations increased from 15.0 to 17.1 %o (in 1.1
times) and from 19.9 to 23.9 %o (in 1.2 times),
respectively (Fig. 4 A—C). Analysis of blood smears of
the Prussian carp from Dibrova Lake on the 7" day of
the experiment showed an increase in the total num-
ber of erythrocytes with structural disorders. Thus, on
the 7" day of observation, a significant increase in red
blood cells with disturbances of the pathology of
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PUCYHOK 4. 3anexHictb yactotu mopdo-
NoriyHMx nopylueHb B epUTPOLMTax KpoBi pué
o3ep BepwuHa i lipoBa Big nornuHeHoi po-
3u: (A) 1-wa poba; (b) 7-ma poba; (B) 30-ta
AoGa

Figure 4. Dependence of morphological dis-
order rate from absorbed dose in the blood of
fish from lakes Vershyna and Dibrova: (A) 1%
day; (B) 7*" days; (C) 30" day

TOpPOJKOIO B SIApi, a TAKOXK KJIITHUH 3i CTPYKTYPHUMU
nopylieHHsIMU. Big3zHayeHa mpsiMa [030Ba 3ajiex-
HICTh IS TaKUX TOpYyLIeHb, SIK aedopmalig sapa i
amiTos3.

ITicna ATI'O na 30-ty moby 3a3Buyail Hactae aza
BiZHOBJICHHSI, SIKa PO3BUBAETHCS MOBUILHO 1 XapaKTe-
PU3YETHCS TTOYATKOM PETOMYJIsLii KPOBOTBOPHUX Op-
radiB. TepMiHU BiTHOBIIOBAJLHUX TPOILECIB KPOB’S-
HUX KJIITUH PO3TITHYTI B Yaci i MOXYTb BigOyBaTucs 3i
3HAYHUMHU KONWMBAHHIMMU [7, 22]. ¥V BmacHMX goCHim-
KeHHAX Ha 30-Ty mo0y criocTepekeHb ITicisl OIpoMi-
HeHHs y 1031 2,5 Ip B mepudepiliHiii Kposi pub o3. Jli-
OpoBa criocTepirajau aHoMajbHe 301/IbIIEeHHS KiTbKOCTI
KJIITUH 3 MOPYLIEHHSIMU MOPiBHSIHO 3 7-10 10000 — 3
1,9 no 47 %o (y 24,7 paza), mepeBakHO 3a paXyHOK €pUT-
pouuTiB 3 MpucTiHKOBUMH siapamMu — (20,2 + 4,3) %o,
BaKyoJ1i30BaHOIO IUTOIIIa3Mor0 — (8,0 £ 1,2) %o i 1iu-
tomizoM — (6,7 £ 1,3) %o, 1110 MOXE CBIAYUTH PO I10-
pYLIEHHS LiTiCHOCTI MeMOpaH KJIITMHHUX OpraHen
(puc. 5 A).

¥ Bcix BubGipkax pu6 3 03. Bepimna nicag IO Ha
30-Ty moOy BIepIle peecTpyBaad EPUTPOLIUTH 3 TIPO-
TyOepaHLSIMHM 3 4acTOTOIO Bin 9,9 no 13,5 %o. Busipie-
HO 301JIbIIIEHHST YaCTOTH KJIITUH KPOBi 3 MOPYIIIEHHS -
MU B pe3yJIbTaTi MaToJIOTii MiTO3y, TAKUMU $SIK aMiTO3 i
MeperopoaKa B Sapi, 110 MOXKHA IMOSICHUTY TPUBAIUM

mitosis — amitosis, a septum in the nucleus, and also
cells with structural disorders was noted. Direct dose
dependence for such disorders as deformation of the
nucleus and amitosis was noted.

After AAI at the 30™ days usually comes a phase of
recovery, which develops slowly and characterized
by the beginning of repopulation of the hematopoi-
etic organs. The terms of the recovery processes of
the blood cells are stretched over time and can occur
with significant fluctuations [7, 22]. In our own
studies, at the 30™ day of observation after irradiation
at dose of 2.5 Gy in the peripheral blood of fish from
Dibrova Lake observed an abnormal increase in the
number of cells with disorders compared with the 7*
day — from 1.9 to 47 %o (in 24.7 times), mainly due to
erythrocytes with parietal nucleus — (20.2 £ 4.3) %o,
vacuolate cytoplasm — (8.0 £ 1.2) %o and by cytol-
ysis — (6.7 £ 1.3) %o, which may indicate a violation
of the integrity of the membranes of cellular
organelles (Fig. 5 A).

In all samples of fish from Vershyna Lake after AAI
for the 30™ day was recorded for the first time with
erythrocytes with protuberances with frequency from
9.9 to 13.5 %o. An increase in the frequency of blood
cells with disturbances resulting from mitosis pathol-
ogy, such as amitosis and septum in the nucleus, is
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]
5 -- . _ .
0 —
KoHTponb 25 50 10,0
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MornuHeHa po3a, I'p / Absorbed dose, Gy

PucyHOK 5. CTpyKTypHi nopyweHHs eputpo-
uutiB y KpoBi pu6 3 o3. lioposa (A), o3. Bep-
wuHa (Bb) Ta nopywenHa mitosy (B) Ha 30-1y
Ao6y nicna Aro

Figure 5. Structural disorders of erythrocytes
in the blood of fish from Dibrova Lake (A),
Vershyna Lake (B), and disorders of mitosis
(C) on the 30™ day after AAI

yacoM 30epexXeHHsI MPOLIeCiB MOPYLIeHHs Mpotide-
palii paHHiX KJIiTUH-TONEepeIHUKIB TeMOII0€3y i BUXO-
JIOM aHOMAaJIbHUX EpPUTPOLUTIB A0 mepudepiiHOrO
pycna (puc. 5 B).

YV Bubipku pu0, onpominenux y mosi 10,0 Ip, Ha 30-
Ty D00y BIEpIe 3a Jac IPOBEICHHSI €KCIICPHUMEHTY
OyJIM 3apeeCTPOBaHi MTOOJAUHOKI NOJIMIOIAHI KJIITUHU.
Jo KiHIg eKcnepuMeHTY 3arajbHa KiJIbKiCTh MaTo-
MOPGhOJIOTIYHUX €PUTPOLIUTIB Y KPOBi pud 3pocia B
cepeIHbOMY 3 9 %o B KoHTpoi 10 43,3 %o (B 4,8 pa3za)
i3 18,7 %o — micig ompoMiHeHHS Ha 1-11y 100y H0
43,3 %o — Ha 30-Ty 100y (B 2,3 pa3a) (puc. 5 B). Kpim
TOT0, 3HAYHO PO3LIUPUBCS CIIEKTP MOPYIIEHb — 3 4 10
12 Tumis.

TakuMm unHOM, y pub 03. [IiOpoBa 3a OMpOMiHEHHS Y
no3i 2,5 Ip 3apeecTpoBaHO 3alTi3HIY peakililo KIIITUH
€pUTPOLIMTAPHOI JJaHKW Ha JOAATKOBUM pamialliiHUiA
BIUIMB, MOKA3HUKU SIKO1 Ha nepiy aody micias A0
Oynm Ha piBHi KOHTPOJILHUX 3HaueHb. [IpoTte Ha 30-Ty
J00y KiJIbKIiCTb MOP(OJIOTIYHUX MOPYIIEHb €PUTPO-
LIUTIB JOCSIa HABUIIMX 3HadyeHb — 47 %o. [lormiHeHa
no3a 5,0 Ip ynpomosx 30 1i6 mpu3Besia 10 MOCTYIIOBOTO
MiIBUILEHHS aHOMatiii epuTpouuTiB 3 9,6 10 19,9 %o,

revealed, which can be explained by the prolonged
preservation of proliferation processes in the early
precursor hemopoiesis cells and the release of abnor-
mal erythrocytes to the peripheral channel (Fig. 5 B).

In a sample of fish irradiated in a dose of 10.0 Gy,
at the 30" day for the first time during the experi-
ment, the single polyploid cells were registered. By
the end of the experiment, the total number of path-
omorphological erythrocytes in the blood of the fish
increased from 9 %o in the control to 43.3 %o (in 4.8
times) and from 18.7 %o — after irradiation for the 1*
day to 43.3 %o — at 30™ day (in 2.3 times) (Fig. 5 C).
In addition, the spectrum of violations — from 4 to
12 types considerably expanded.

Thus in fish of Dibrova Lake, irradiated in dose of
2.5 Gy, regulated delayed reaction of cells of the ery-
throcytes’ group for additional radiation influence,
which indexes on the 1* day after AAI were at the
level of control values. However, at the 30" day, the
number of morphological erythrocyte abnormalities
reached the highest values — 47%o. The absorbed
dose of 5.0 Gy for 30 days resulted in a gradual
increase in erythrocyte anomalies from 9.6 to 19.9 %o,
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a 10,0 Ip — mo 3umxenns 3 15,1 10 9,9 %o y pub 03.
HiopoBa. Y pu6 o3. Bepiiuna 3a ycix 103 II'O Bigoy-
BaJIoCs 3pOCTAHHS KiJTbKOCTI MOP(OJIOTIYHUX TTOpPY-
LIEHb EPUTPOLIUTIB B cepeaHboMy 3 18,7 no 43,4 %o,
JIOCSTHYBIIIM MaKCUMaJIbHUX 3HauyeHb Ha 30-Ty 100y
3a mosu 10 Ip — 51,6 %eo.

KinbkicHuli aHani3 Mikposiiep B KJIiTUHAX epUTPO-
IUTIB, IKUI1 BBAXAETbCS OIHUM 3 HAUOLIBII IIBUJI-
KMX TECTiB Ha BUSIBJIEHHSI FTEHOTOKCHUYHOI JIi1 cepeno-
BUIIIA HA OpPTraHi3M TBapMH, Y JaHOMY BUITaJIKy He OyB
e(eKTUBHMM, ajle MOKa3aB IIeBHE ITiMBUIIECHHS pa-
JiOYYTJIUBOCTI A0 10JaTKOBOI'O ONPOMiHEHHS y pub 3
03. BepmimHa i 3aiexXHicTh Bill TO03W OINPOMiHEHHS
npoTsiroM 1-i jobu ekcnepuMeHTy: KOHTpoJb — 0;
2,5 Ip — (0,2 £ 0,01) %o; 5,0 Ip — (0,3 £ 0,05) %eo;
10,0 Ip — (0,5 = 0,03) %o, 110 HE MEPEBUIIYE CITOH-
TaHHUI piBeHb MyTareHesy. ¥ puo 3 03. /liopoBa Ha 1-
1y 100y eKCHepuMEHTY BUXil KiJIbKOCTI MiKposiaep
BUSIBUJIM TiIbKY 3a JOJATKOBOI'O ONPOMIHEHHS Y 1031
10,0 I — (0,2 + 0,08) %o. Ha 7-my noby excriepu-
MEHTY MiKposiJipa ciocTepiraau y pud o60x o3ep npu
onpoMiHeHHi y 103i 5,01 10,0 Ip. ITpu upomy Makcu-
MajbHU# Buxin mikposaep — (1,8 £ 0,5) %o — Bin-
3HavaJu y Kapacd 3 pedpepeHTHO1 Bogoiimu. Ha 30-Ty
00y eKCIIEpUMEHTY 4acToTa MiKposiaep 30iiblnia-
¢4 3a MiHIMaJIbHOI 1031 OMPOMiHEHHS i 3HU3UIACs 3a
MaKCUMaJIbHOI, TOOTO MPUITYCKAEThCS, 110 OiIblla
KiTBKIiCTh KJIITUH 3 MiKposapaMu Oyja eliMiHOBaHa
(haroIMTapHOIO CUCTEMOIO IO KiHIISI €KCIIEPUMEHTY.
HaiiBuiny KiabKicTh KJITUH 3 MiKposiApaMu Bia3Ha-
yajnu y Kapacs 3 03. Jlioposa — (1,2 £ 0,3) %o nipu or1-
poMiHeHHi y 103i 2,5 Ip TinbKu HaNPUKiHIII eKCITepu-
MEHTY.

BUCHOBKU

1. Omnopasose AI'O y no3i 2,5; 5,0 a6o 10,0 Ip y kpoBi
Kapacs cpibsicroro o3. HidbpoBa (pedepeHTHI yMOBHU,
I — 0,07 mxIp/rom) ynpomoBx 1-1 mobu Imicist o1-
POMIiHEHHSI CIIPUUYMHSIIIO [0303ajieXXHe 30iablLIeHHS
KiJIbKOCTi CTPYKTYpPHMX TIOpYILIeHb epUTPOLUTIB 3 1,7
10 1,9; 9,6 i 15,1 %o, BinnoigHO (B cepeaAHbOMY y 5,2
paza). ¥ kpoBi pub 03. BepummHa (iMmakTHa MoIty-
mamig 'y Y3B, IIIIO — 110,8 mxIp/rom) cepemHs
KiJIBKIiCTb BCiX TMITiB IeopMalliil KJIiTUH EpUTPOLIUTIB
nicas IO 3pocna 'y 2,1 pasza. 3araJbHUl CIIEKTpP MO-
pyLIEHb EpUTPOLUTIB y pub 03. J1i0poBa 301IbIINUBCS 3
2 10 5 (y 2,5 paza), a 03. Bepminna — 3 4 1o 6 Tumis (y
1,5 pa3za).

2. ITicns ATO Ha 7-My no0y criocTepekeHb BipoTiTHUX
J0303aJIEXKHUX 3MiH KiJbKOCTi MOPYIIEHb E€PUTPO-
LIMTIB y KpPOBi pubO He BUSBIIEHO, ajie CHOCTepiraau

and 10.0 Gy — to decrease from 15.1 t0 9.9 %o in fish
of lakes. In fish of Vershyna Lake at all doses of AAI
there was an increase in the number of morphologi-
cal erythrocyte disorders on average from 18.7 to
43.4 %o, reaching the maximum values for 30™ days
at dose of 10 Gy — 51.6 %o.

A quantitative analysis of the micronucleus in ery-
throcyte cells, which is considered one of the fastest
tests to detect the genotoxic impact of the environment
on the animal organism, in this case was not effective,
but showed a certain increase in radiosensitivity to AAI
in fish from Vershyna Lake and dependence on the
dose of irradiation during the 1st day of the experiment:
control — 0; 2.5 Gy — (0.2 £ 0.01) %o; 5.0 Gy —
(0.3 £ 0.05) %o0; 10.0 Gy — (0.5 & 0.03) %o, which
does not exceed the spontaneous level of mutagenesis.
In blood of fish from Dibrova Lake on the 1* day of
the experiment was detected the micronuclei only
for additional irradiation at dose of 10.0 Gy —
(0.2 £ 0.08) %o. On the 7™ day of the experiment,
the micronucleus was observed in fish from both
lakes at radiation dose of 5.0 and 10.0 Gy. At the
same time, the maximum quantity of micronuclei —
(1.8 = 0.5) %0 was noted in blood of fish from refer-
ence reservoir. At the 30" day of experiment, the
micronucleus frequency increased at the minimum
dose of irradiation and decreased by a maximum one
that is assumed that a greater number of cells with
micronuclei were eliminated by phagocytic system at
the end of experiment. The highest number of cells
with micronuclei was observed in the Prussian carps
from Dibrova Lake — (1.2 + 0,3) %o at radiation dose
of 2.5 Gy only at the end of experiment.

CONCLUSIONS

1. One-time AAI at dose of 2.5, 5.0 and 10.0 Gy in
blood of the Prussian carp from Dibrova Lake (ref-
erence conditions, ADR — 0.07 uGy/h) during the
Ist day after irradiation caused a dose-dependent
increase in the number of structural erythrocyte dis-
orders from 1.7 to 1.9, 9.6 and 15.1 %o, respectively
(an average in 5.2 times). In the blood of fish from
Vershyna Lake (affected population in the CEZ,
ADR — 110.8 uGy/h) the average number of all
types of deformation of erythrocyte cells after AAI
increased in 2.1 times. General spectrum of erythro-
cyte disturbances in fish of Dibrova Lake has in-
creased from 2 to 5 types (in 2.5 times), and in
Vershyna Lake — from 4 to 6 types (in 1.5 times).

2. After AAI on the 7™ day of observation, there were no
detectable dose-dependent changes in the number of
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3HMKEHHSI KiJIBKOCTI IOpYIIeHb, B CEPEIHBOMY 10
4,31 1,2 paza, BignosigHo, m1s1 pu6 o3ep Hidpona i
BepiivHa, mopiBHSIHO 3 Mepiio 100010 eKCHepu-
meHTy. Ha 30-Ty o0y cnioctepexxeHb BUSIBJIEHO TTOB-
TOPHE 3POCTaHHS 3araJibHOI KiJIbKOCTi MOPYIIeHb —
B cepeaHboMy a0 9,1 i 2,8 pasa, BianoBigHO, y puod
o3ep Hibposa i BepllnHa nopiBHSIHO 3 HEOIIPOMiHe-
HUM KOHTPOJIEM.

3. CnocrepexkeHHsI 32 TUHAMiKOIO MOP(hOIOTiYHUX
NopyLIeHb epUTPOLIMTIB pub 3 03. BepilmHa Ha 7-My i
30-ty moOy micig JAI'O BugBMIM 3HaYHE TTOCHJICHHS
MaTOJIOTIYHUX TPOLIECiB, a caMe — 30iTbIIEHHS Kilb-
KOCTi rpyoux rnoiukokeHb Mojiekyst JIHK — amiTo3iB
(B cepenHboMy B 14,8 pasza), epUTPOLIUTIB 3 Mepero-
poxnkoro B simpi (B 1,9 paza), a TaKOX CTPYKTYPHMX I10-
pyllieHb B KJITUHAX — mpoTtybdepaniiB (B 10,5 paza),
KJITHUH 3 BaKyoJ1i30BaHOIO LIUTOILIa3Mo10 (B 8,6 pa3a)
Yy MOPiBHSIHHI 3 pe(pepeHTHOIO0 BOJOKMOIO.

4. KiiTH1 4epBOHOI KPOBi p1O iMITAKTHOI BOJOMM
BUSIBWIM OiJIbIIly ypa3iuBIiCTh OO0 TOAATKOBOIO OIl-
POMiHEHHSI, 1O TPOSBISETLCS Yy 30iAbLIEHHI Kilb-
KOCTi €pUTPOLIMTIB 3 IIaTOJIOTI€E0 MiTO3y i MOXe
CBiIUMTU TIPO MOPYILIEHHSI T€HETUYHUX CTPYKTYP
KJIITUH BHACJiJOK TPUBAJIOro paaiallifHOTO BILJIUBY.

BUCJIOBJIEHHA BAAYHOCTI

ABTOpPM BUCJIIOBJIIOIOTH IIMPY IIOASIKY CT. Hayk.
cIiBp., KaHa. 6ios. Hayk H. K. PogioHosiit (IHcTuTyT
eKCIIepUMEHTAJIbHOI MaTOoJIOrii, OHKOJIOril i pafio-
Giosorii iMm. P. €. Kaseribkoro HAH VYkpainu) 3a Bax-
JINBY KOHCYJIBTaTUBHY IOIIOMOTY, a TAKOX KOJIeraMm 3
HepxaBHoi yctaHOBU «HallioHanbHUIT iHCTUTYT pa-
Ky» MO3 VYkpainu, IHcTtutyty rigpo6ionorii HAH
VYkpainu Ta [dep:KaBHOIO CIeliaJli30BaHOIO MiApu-
emcTtBa «Exonentp» JIA3B Ykpainu — 3a cipustHHS
y Bimbopi 0ioJIOriYHOTO MaTepiany i BUKOHaHHI eKC-
MepUMEHTaTbHUX JOCTiIXKEHb.
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erythrocytes in the blood of fish, but there was a decrease
in the number of violations, on average up to 4.3 and 1.2
times, respectively, for fish from lakes Dibrova and
Vershyna, compared with the 1 experiment day. At the
30™ day of observation, a repeated increase in the total
number of violations was detected — an average in 9.1
and 2.8 times, respectively, in fish of Dybrova and
Vershyna lakes compared to non-irradiated controls.

3. Observation of the dynamics of morphological dis-
orders of red blood cells from Vershyna Lake at the 7"
and the 30™ days after AAI showed a significant
increase in pathological processes, namely, an increase
in the number of gross damages of DNA molecules —
amitosis (on average in 14.8 times), erythrocytes with
septum in the nucleus (in 1.9 times), as well as struc-
tural violations in cells — protuberances (in 10.5
times), cells with vacuolate cytoplasm (in 8.6 times)
compared to the reference reservoir.

4. The red blood cells of fish from the impacted reser-
voir revealed a greater vulnerability to additional irra-
diation, which manifests itself in an increase in the
number of erythrocytes with pathology of mitosis and
may indicate a violation of the genetic structures of
cells due to long-term radiation exposure.
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