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OCOBJIMBOCTI MOP®O®PYHKIIIOHAJIBHUX 3MIH Y
MEPBUHHIN KYJIBTYPI KJIITUH IIIUTOIIOAIEHOT 3AJI031
HAITIAJIKIB IIIYPIB, IPEHATAJTBHO OITPOMIHEHUX
PAIIOI3OTOIIOM MOJIY-131

MeTa: gocnignTu MopdonoriyHi 3MiHM B NePBUHHIA KyAbTYpPi KNITUH WKUTONoAiOHOT 321031 HOBOHAPOAXKEHUX WYPiB,

6aTbku sKkuUx OyNM NpeHaTanbHO onpoMiHeHi pagioizoTonom ioay-131.

Marepianu i MeToau: OTPUMAHHA Ta KyJIbTUBYBAHHA NEPBUHHUX KYNLTYP KTiTUH i3 TKAHUH WMTONOAIGHOT 331031 HO-

BOHAPOKEHMX WYPiB, LUTONOriYHI (OTPUMAHHA Ta aHani3 npenapariB KynbTyp KNiTUH Onf ONTUYHOT MiKpockonii),

6ioi3nyHi (npoToKoBa LUTODNOOPUMETPIA), CTATUCTUYHI.

Pe3ynbTatu: Oyno nokasaHo, o B NEPBUHHIN KyNbTypi KNiTUH WUTONOAI6HOT 3aN103M HalWAAKiB WypiB, NpeHaTanbHO

onpoMiHeHUX papgioizoTonamu iopy-131, cnocTepiranu 03HAaKW AECTPYKTUBHO-fEereHepauiiiHux 3MiH, fki Oynu

HaNGiNblW BUPAXKEH] NpU ONPOMiHEHHT TBapUH 060x cTaTeil. 36iNbLIEHHA KiNbKOCTI [BO- i TPUAAEPHUX KNiTUH Ta

THAYKLUis nepcHenofibHMX KNiTUH CBig4YaTh Npo iCTOTHi FeHOTOKCMYHI NOPYLEHHS i BKa3ytoTb Ha HecTabiNbHiCTb reHo-

MV Y HalWafKiB TBApWUH, ONPOMiHEHMX paaioizoTonom Mopy-131.

BuCHOBKM. AHani3 Ta KinbKicHa xapakTepucTuka MOp@odyHKLIOHaNbHUX NOKA3HWKIB Y NEPBUHHIA KYNbTYpPi KNiTUH

wuTonofibHOT 321031 HOBOHAPOAXKEHUX LLYPiB, 6aTbKKU AKUX OyAM ONpoMiHeHi NpeHaTanbHO paaioizoTonamu nomy-

131, nokasana, o nif BNJAMBOM ONPOMiHEHHS WWTONOAIOHA 3a/103a 3a3HAE AECTPYKTUBHUX 3MiH HAa KNITUHHOMY PiBHi

HaBiTb y HALAAKIB [pyroro NOKOMiHHA i NPU3BOANTb A0 NOPYLWEHHSA ii DYHKLiN.

KnioyoBi cnosa: pagioizoton itoay-131, KynbTypa KAiTUH WMTONOAIOHOT 31031 WypiB, MiTO3, nponidepalis, anonTos.
Mpobnemu padiayitinoi meduyuHu ma padiobionozii. 2017. Bun. 22. C. 172-183.
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Features of morfological changes in primary thyroid gland CTLL cultures of
rats descendants prenatally exposed by radioisotopes of iodine-131

Objective: to investigate morphological changes in the primary thyroid cell culture of rat infants whose parents
were prenatally exposed by radioisotope iodine-131.

Materials and methods: obtaining and culturing of thyroid tissue primary cell cultures of newborn rats, cytological
(receipt and analysis of cell cultures agents for optical microscopy), biophysical (flow-cytometry), statistics.
Results. It was shown that cells in thyroid primary culture of offspring rats prenatally exposed by radioisotopes of
iodine-131 signs of destructive-degenerative changes were observed mostly when animals of both sexes were irra-
diated. Increased number of two- and three nuclear cells and induction of ring-like cells is an evidence of signifi-
cant genotoxic violation and points to the genome instability in offspring of animals exposed by radioisotope
iodine-131.

Conclusions. Analysis and quantitative morphological parameters of cells in thyroid primary culture of newborn rats
whose parents were exposed prenatally by radioisotopes of iodine-131 showed that upon exposure to radiation thy-
roid undergoes destructive changes at the cellular level and, even in the second generation of offspring, leads to

disruption of its functions.

Key words: radioisotope iodine-131, thyroid cell culture of rat, mitosis, proliferation, apoptosis.
Problems of radiation medicine and radiobiology. 2017;22:172-183.

OCOGHI/IBOCTHMI/I pagiauiiHMX iHUWIOEHTIB Ha
00’€eKTax aTOMHOI IIPOMMCIIOBOCTI Ta EHEPTETUKU €
BHCOKa MMOBIpPHICTb BUKUY B TOBKiJUISI paaioaKTUBHUX
MPOIYKTIB TIOminy saepHux MartepiamiB. Cepem HHX
HaOiNbII HeOe3MeYHUMM € TUPEOTPOITHI i30TOMH MOy,
sIKi 32 BiTHOCHO HEBEJIMKOI KiJIbKOCTi 31aTHi (popMyBaTH
BeJIMKi MOIJIMHEHi 1031 Yy IIUTONoAiOHIi 3amo3i (I13),
BpaxoByIo4M MaJji (izuuHi po3Mipu octaHHboi. Lli i30-
TOMNM y BUITAJKY aBapil TOMiHYIOTb cepel iHIIUX SIK Y
¢opMyBaHHI J030BUX HaBaHTaXeHb, TaK i MeEIMKO-
0i0JIOTiYHMX HACJIiAKIB OMPOMiHEHHS, 1110 HAOYHO IIpO-
memoHcTpyBasia YopHoOMIbChKa KaTtacTpoda. Ermime-
MIOJIOTiUHI JOCIiIKEeHHST BilgajJeHUX HacCJigKiB aBapii
Ha YAEC, mposeneHi B KpaiHax CHJI, BUSBWIM IOC-
TOBipHE MiABUINEHHS pu3uKy paky I3 cepen nitreit
[1-7]. I[TpoTsarom 25 pokiB 3axBoproBaHicTh Ha pak L3
Yy OMNPOMiIHEHMX B OUTSIYOMY Billi OCi0 3aJMIIAETHCS
3Ha4YHO TMigBuieHow. Pusuk paky I3 OyB y 1IicTh
pasiB BUILMI Y AiTEM, sIKi OTpUMaIM 403y pafdiallii Oilb-
me 1 Ip, mopiBHsTHO 3 mo3010 mMeHIT HixX 0,3 Ip [8]. Pak
I3 yacrile BUHUKAB y HiTei, AKi 3a3HaJM BIJIUBY
pamianii y Billi 1o m’aty pokiB. [Ipy boMy JaTeHTHUIA
nepiog MiX BIUIMBOM pajialii i po3BUTKOM pakKy OyB
Haa3BUYAHO KOPOTKMUM |7, 8].

R‘adiation incidents at nuclear power industry
ead to a high probability of radioactive fission
products of nuclear materials into the environ-
ment. Among the most dangerous are thyrotropic
isotopes of iodine that in relatively small number
are able to form large absorbed dose in thyroid
gland (TGQG), taking into account the small physical
size of the latter. These isotopes in an emergency
dominate among others as the formation of doses,
and medical and biological effects of radiation,
which the Chornobyl disaster demonstrated.
Epidemiological studies of long-term effects of the
Chornobyl accident were conducted in the CIS
countries and showed a significant increased risk
of thyroid cancer among children [1-7]. For 25
years the incidence of thyroid cancer of exposed in
infancy is greatly increased. The risk of thyroid
cancer was six times higher in children who
received a radiation dose of more than 1 Gy, com-
pared with a dose of less than 0.3 Gy [8]. Thyroid
cancer occurred more frequently in children who
were exposed to radiation up to five years. This
latent (hidden) period between exposure to radia-
tion and cancer was very short.
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AK cBimYaTh KIiHIYHI JOCTiIKEHHS, BHYTPilIHbOYT-
POOHMIA BIUIMB i0Hi3yIOUMX BUITPOMiHIOBAHb MOXE MaTH
TepaTOTeHHi, KaHIIEpOTeHHI Y1 MyTareHHi HaCTigKu [9,
10]. Cepen mpobiem, 110 BUSIBWIMCH micias YopHo-
OUJILCHKOI KaTacTpodu, ONHIEI0 3 HANBAXIIUBIILIMX MOX-
Ha BBaxkaTu IpodyieMy nepeaadi epekTy HecTaOiIbHOCTI
reHOMY 4epe3 OMPOMiHeHi raMeT 0aTbKiB MepIIOMY MO-
KOJIIHHIO iX HaIIaAKiB, 110 MiATBEPIKEHO i KIiHIYHUMMU,
i eKcnepuMeHTATbHUMM AOCTiIKeHHsaMu [11—13].

Ha cphorogHi mOCHiIXEHHIO BiggadeHUX HaCHiAKiB
aBapii Ha YAEC y MoOKOMiHHIX TIPUOIISIETECS OaraTo
yBaru. BomHouac ekcrnepMMeHTaJbHUX IOCHIIKEeHb i3
3aCTOCYBAaHHSIM MOJEI, 1110 BUKJIIOYAE BIJIMB HEUPOEH-
JTOKPMHHOI CUCTEMM OpraHiamy Ta (pakTopiB He-
pamialiiiHO1 MpUpPOAM, COPSIMOBAHOI HAa BMBUEHHS in
vitro MmopdodyHKIIiOHATbHUX 3MiH y KiiTuHax 113 Ha-
IIaJKiB y OMPOMiHEHUX pafioizoTonoM iomy-131, mpak-
TUYHO HEMAE.

META POBOTU
Hocnigut MopdoJIoriyHi 3MiHU B MEPBUHHIN KYJIBTYpi
KJIITMH IIATOMOAIOHOT 3aJ103M HOBOHAPOIXKEHUX 1I1ypPiB,
0aTbKM SIKUX MpeHaTajJbHO OYJM ONMPOMiHEHi paaioizo-
ToroM iomy-131.

MATEPIAJIN 1 METOAN JOCJIII2KEHH S
JocnigkeHHs] BUKOHAaHI Ha TEepPBUMHHO TPUIICUHI30Ba-
HUX KyJbTypax KiIiTuH 113 HoBoHapomKeHUX HalllaIKiB
IIypiB, ONMpPOMiHEeHUX pamioizoTonoM ioay-131. CtBo-
PEHHSI MOJieJli ONTPOMiHEHHSI TBApUH 3AilicHeHO B IHCTH-
TyTi snepHux nocmimkednb HAH Ykpainu [14].

CraTeBo3piJiM IiypaM BiKOM 4 Mic. BBOIWINA OJHOPA30-
BO TTEPOPAIBHO Yepe3 30H] PO3YMH HATPil0 HoauIy y Iuc-
TWJIBbOBaHI BOIi 3 aKTUBHICTIO pamioHykiiga 27,35 Kbk,
mo ¢opmysano o3y Ha L3 y camok 5,8 Ip, y camiiiB —
3,75 Ip. PospaxosaHi 3rigHo 3 MeToauKoIo [ 14] mornmuHeHi
no3u y 113 miony cranosunu (0,26 £ 0,05) Ip, KoediwieHT
nepexony uepe3 mianeHty — 0,046.

KoHTposneMm ciayryBaayu HOBOHAPOMKEHI IIypH Bim He-
OINMPOMiHEHUX 0aThbKiB; BapiaHT mocainy 1 — moTomMcTBO
Bij 11ypiB, caMKa i caMellb SIKUX 3a3HaBali OMPOMiHEH-
Hs panioizoronoM ioay-131; BapiaHT gociigy 2 — MoTo-
MCTBO BiJl 1IypiB y BUIAAKY ONPOMIHEHHS TiJIbKA CaM-
1151, BapiaHT JOCJiay 3 — MOTOMCTBO Bil IIYpiB, y SIKUX
OIpoOMiHEeHa OyJia TiJIbKU caMKa.

Bunyuyenns I3 npoBoauan B aceNTUYHUX YMOBAx 3
ypaxyBaHHSIM BiIOMUX METOMdIB OTpPUMaHHS OpPraHOTH-
noBux Kyaeryp kimituH L3 TBapun [15, 16]. e3arpe-
ramiro TKaHuHu rpoBomuin 0,25 % po34rMHOM TPUTICH-
Hy (Gibco) BopomoBx 30—40 xB. CycrieH3ito KJIiTUH Bil-
Ooupanu B nipobipku, ueHTpudyrysanu mpu 1500 06/xs.

According to clinical studies, prenatal exposure
to ionizing radiation can have teratogenic, muta-
genic or carcinogenic effects [9, 10]. Among the
problems that appeared after the Chornobyl disas-
ter, a major problem can be transfer of genomic
instability effect through gametes of irradiated par-
ents to the first generation of their descendants,
which is confirmed by clinical and experimental
studies [11—13].

Today, we pay a lot of attention to research of
long-term effects of the Chornobyl accident in
future generations. However, we do not have stud-
ies using experimental models excluding the
impact of the neuroendocrine system of the body
and non-radiation factors, mostly aimed at study-
ing of in vitro morphological changes in the cells
of the thyroid gland in offspring of parents exposed
by radioisotope iodine-131.

OBJECTIVE
To investigate morphological changes in the thy-
roid primary cell culture of rat infants whose par-

ents were prenatally exposed by radioisotope
iodine-131.

MATERIALS AND METHODS

Studies were performed on thyroid cell cultures of
newborn offspring of rats exposed by radioisotope
iodine-131. Animal models of radiation were car-
ried out at the Institute for Nuclear Research of
Ukraine [14].

Sexually mature rats at the age of 4 months were
treated orally once through a tube by sodium iodide in
distilled water with radionuclide 27.35 kBq activity
that formed the dose in the thyroid of females 5.8 Gy,
in males — 3.75 Gy. Calculated according to the
method [14] absorbed by thyroid dose in fetus was
(0.26 £ 0.05) Gy conversion factor placenta — 0.046.
Newborn rats of non-irradiated parents served as a
control; 1 variant of the experiment — the offspring of
rats where male and female were a subjected of irra-
diation by radioisotope iodine-131; option 2 of
experiment — the offspring of rats where only male
was exposured; 3 version of the experiment — the off-
spring of rats when only female was irradiated.

Removal of the thyroid gland was performed under
aseptic conditions, taking into account the known
methods for organ-alike thyroid cell cultures [15, 16].
Tissue disaggregation was performed using 0.25 %
trypsin solution (Gibco) for 30—40 minutes. A sus-
pension of selected cells was placed in test tubes, cen-
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CynepHaTaHT 3/IMBajiv, a 0Caj PECYCIIEHIyBaJIU B CEpe-
nosuii RPMI-1640 (Gibco). Omnepaliito moBTOpIOBaIN
3—5 pasiB. Beck 00’eM cycrieH3ii KIiTUH LIeHTpUPYTyBa-
JIU, ocall PECYCIIeHAyBalud B IIOKMBHOMY CEpeIOBUIII
cknany: RPMI-1640 (Gibco) — 80 %, cupoBaTku KpoBi
tensat (Gibco) — 20 % i B xinbkocTi 50 THC. KITITUH/MIJ
po3ciBaiu B IUISIIIEUKU, 1110 MiCTUJIA TTOKPUBHI CKEIbLIs
wroniero 9 x 18 (MM) Ta KyJIbTUBYBAIU BIIPOIOBXK 6—8
ni0. IlutosoriyHi gocaiaKeHHS MTPOBOAUIN 3TiTHO 3 Me-
toaukamu, onucanumu JI. I1. JIesgskonosum (2009) [17].
IomernHo mpemapatu ¢ikcyBanu y 70° eTaHoi, BigMu-
BajJyd IIPOTOYHOIO BOJOIO i 3a0apBJIIOBAJIM T'€MaTOK-
cuiaiHoM Ta eo3uHoM. Ilig OonNTUYHUM MiKPOCKOIIOM
«Axioscop» (West Germany) npu 30iabiieHHi y 200, 400
ta 1000 pa3iB aHamizyBasy MOPQOJIOTIYHUI CTaH KYJIb-
TYpU KJITHH, IIiApaxoByBajJu 3arajbHy KiJbKiCThb
KJIITUH, KiJIbKiCTh MIiTO3iB i KiJIbKiCTh ABOSIACPHUX Ta
arnoINTOTUYHUX KIITUH. MIiTOTUYHUI iHOEKC Ta iHIeKC
IBOSIIEPHUX KIITHUH po3paxoByBanm Ha 1000 xiri-
TUH (%0). POTO OTpUMaHI IPU AOIMOMO3i IUPPOBOI Ka-
mepu DIGITAL CAMERA for Microscope Sciencelab
DCM320(USB 2.0), Resolution 3.5 Mpixels. ¥ Tux xe
KyJnbTypax KITWUH, B SIKMX JOCHTIIKyBaJn Tpomdidpepa-
TUBHY Ta MITOTUYHY aKTUBHICTh, BU3HAYAJIM KiJIbKIiCTb
AIONTOTUYHMX KJIITUH Ha IIPOTOKOBOMY LIMTOMIIIOOPH -
metpi FACStar Plus ¢ipmu «Becton Dickinson» (CIIIA)
[18]. st mboro KJTiTWHM, SKi 3aMWIIUINCH HA ITHI piia-
KOHa ITic/Is BimOopy MOKPUBHOIO CKJIa, MMPOMUBAJIA 3a-
oydepennm dizionoriynuM poszunHoMm (3DP), 10 xB
BUTPUMYBJIM y pO3urHi BepceHy sl BiAKpirIeHHS iX
Binm ckjia, moTiMm 3amitnyBanu ioro 3MP, kiaiTuHM pecyc-
neHayBaau i 1 M1 cycrnieH3il KIITUH UeHTpUdYTryBaiu y
3®P (1500 06/xB mpoTtsirom 5 xB). CymnepHaTaHT 3JMBa-
qu. Ilpouenypy BiAMHMBaHHSI MOBTOpIOBalu 3 pasu.
ITorim po ocapy y mpo0Oipky nogaBaiv 1 M1 po3uuHy
npominito omuny (5 mr PI, 0,1 % umurpary Na i 0,1 %
Triton X-100) Ta iHKyOyBaau poTAroM 1 roa rmpu TeM-
nepatypi 4 °C.

ExcnepuMeHTabHiI gaHi oOpOOJIsId 3arajJbHOIIPUIA-
HATUMHU METOAAMU 3 BUKOPUCTAHHAM f-Kputepito CTh-
I0ICHTA i 32 JOMOMOTIOIO MaKeTiB MPUKJIaAHUX Mporpam
Microsoft Excel Ta Biostat [19].

IIpu BUKOHaHHI eKcniepuMeHTaIbHUX J0CHiIKEeHb Oy-
JIO IpoaHai3oBaHo 225 mpenapariB KyJbTyp KJTiTHH.

PE3VYJIBTATU TA IX OBTOBOPEHHS

3arajgbHoBigoMo, 1o 1113 ckiamaeTbcs 3 KIITUH IBOX
pi3HUX BUAIB: DomiKyasapHuX i mapadonikyaspaux. Oc-
TaHHIX 3HAYHO MEHIIIE, BOHU PO3ITOPOIIEHi MixX (DOJTiKY-
JIaMU 1 BiIpi3HSIIOTBCSI Bilil OCHOBHOI MAacHU TUPEOITHUX
(pomikynsIpHUX) KIITUH TOXOIKECHHSM, (PYHKILEI i

trifuged at 1500 rev/min. The supernatant was
poured, and the precipitate was resuspended in
RPMI-1640 medium (Gibco). The operation was
repeated 3—5 times. The entire volume of cell sus-
pension was centrifuged, resuspended in nutrient
medium: RPMI-1640 (Gibco) — 80%, calf serum
(Gibco) — 20 %. Then every 50 thousand of cells in
milliliter were placed in bottles containing cover lens-
es (measuring 9 x 18 (mm)) and cultured for 6—8 days.
Cytological studies were performed according to the
method described by L. P. Diakonov (2009) [17].
Every day preparations were fixed at 70° ethanol,
washed with running water and stained with hema-
toxylin and eosin. Under an optical microscope
«Axioscop» (West Germany) with an increase of 200,
400 and 1000-magnification we analyzed the mor-
phological status of the cell culture, counted the total
number of cell, mitosis number and the amount of
dual-core and apoptotic cells. Mitotic index and the
index of dual cells in 1000 cells (%o) was also calculat-
ed. Photos were obtained with the help of a digital
camera DIGITAL CAMERA for Microscope
ScienceLab DCM320 (USB 2.0), Resolution 3.5
Mpixels. In the same cell cultures in which investigat-
ed the proliferative and mitotic activity we determined
the number of apoptotic cells on ductal flow cytome-
ter FACStar Plus by «Becton Dickinson» (USA) [18].
To do this, the cells remaining at the bottom of the
bottle after selection of cover glass, were washed with
buffered saline (PBS), then for 10 minutes kept in
versen solution for detachment from the glass and
then replaced with its PBS. Then cells were resus-
pended and 1 ml of cell suspension was centrifuged in
PBS ( 1500 rev/min for 5 minutes). The supernatant
was poured. Laundering procedure was repeated 3
times. Then 1 ml propidium iodide (PI 5 mg, 0.1%
Na citrate and 0.1% Triton X-100) was added to the
sediment in the tube and incubated for 1 h at 4 °C.

Experimental data was processed using con-
ventional methods of Student #-test and using
software packages Microsoft Excel and
Biostat [19].

In carrying out experimental research we ana-
lyzed 225 cell culture preparations.

RESULTS AND DISCUSSION

It is well known that the thyroid gland is composed
of two different types of cells: follicular and
parafollicular. Latter are scattered between folli-
cles and different from the bulk of the thyroid (fol-
licular) cells by origin, function and mechanisms

175 =&



EKCINMEPUMEHTAJIbHI

AOCNIAXKEHHA

ISSN 2304-8336. pobnemn pagiauiiinoi Meouunkm Ta pagiobionorii = Problems of radiation medicine and radiobiology. 2017. Bun. 22.

MexaHizmMaMu perysiii. @oikyasipHi KIiTUHN hopMy-
IOTh Y 3aJ1031 YUCIEHHI MiKPOCKOITiUHi (DOJIIKYA1, KOKEH
3 SIKUX CKJIAJA€ThCS 3 LICHTPAJIbHOI MOPOXXHUHH, 3aI10B-
HEHOI KOJIOIZOM, i OTOYEeHUI OJHUM IIapoM KyOOBMII-
HUX eniTeaiabHuX KIiTHH. DoJiKyIsipHi KIIITUHYU 3Bep-
HEeHi CBOIMM BepXiBKaMM y MPOCBIT (poikysa (KoJoiaHy
MOPOXXHUHY), a CBOIMM OCHOBAaMM TPWJISTAIOTh 10 Oa-
3aJbHOI MeMOpaHU KaItiispiB. BennuwmHa 1mMx KIITUH
3aJIeXKUTh He TiIbKU Bill aKTUBHOCTI 3aJl03U, ajie i Bif
CcHoXuBaHH oy, B ix HuMTOIIa3Mi BUSIBIISIETBCS 0€371i4
Kparesib KOJIOioy AiaMmeTpoM 10 2 MKM. Slapa 3a3Buuait
po3TalioBaHi 61MxK4e 10 ocHOBU KiniTuH. Doikynn 1113
3i0paHi B KOHIJIOMEpaTu, OTOUYEHiI MepeXketo KPOBOHOC-
HUX CYIMH, KJIITUHAMM i BOJOKHAMM CHOJIYYHOI TKaHU-
HM, IJIa3MaTUYHUMM 1 omacuctumu kiuituHamu. Lli
KOHIJIOMEpaTH YTBOPIOIOTh Pi3HOTO PO3Mipy YaCTOUKU.

AHaJli3 TATOJOTIYHUX TperapaTiB MepPBUHHOI KYJIBTY-
pu kiiTuH 1113 HOBOHAPOMXKEHUX LIYPiB B KOHTPOJIi MO-
KazaB, 110 KJIITUHM B OCHOBHOMY €MiTeJIioNnoAiOHOro TH-
My Pi3HUX po3MipiB Ta GOpMU: OKPYyIJa, HUJTiHAPUYHA i
noJiiroHanbHa (puc. 1, A-J1). Anpa Benuki oBajJbHOI i OK-
pyriaoi opmu, MictaTh 1—2 saepugd. Iluronnasma Heon-
HopigHa, OiNbLIICTh KIITMH MalOTh BaKyoJli pPi3HOI'O
po3Mipy. Pigko 3ycTpiyaloThCs KIITUHU 3 IBOMA SIApaMu
(puc. 1, E). Cnoctepiranu ¢hopMyBaHHS PiBHOMipHOTO
CYLIJIbHOIO MOHOLIAPY KJIITMH 3 OKPYIJIMMU SApaMU
(mapadomikyagpHi) i HamaacTyBaHHS OTHOTHUITOBUX
KJITUH, B SIKUX SiApa iHTEHCUBHille 3abapBieHi (puc.l,
A-B, Il). Anpa mictunu 1-2, pinme 3 saepus. Lli ctpyk-
Typ¥ HaragyBanu «oaikya» TkannH 1113. Ha puc. 1, B
ta JI mokazaHo (PYHKIIOHYIOUi (PONIKYIM, TTOPOXKHUHUI
SIKMX 3aIlTOBHEHi KOJIOITOM, a KyOOBUIHI eMiTe1ionoaioHi
KJIITUHU TPWISTAIOTh A0 CBOEPIAHOI «0a3abHOI MEMO-
paam» (puc. 1, I).

Hani jiTepatypm cBig4aTh, 0 Npu ornpomiHeHHi 1113
3a paxyHOK iHKOPITOPOBAaHMUX PadiOHYKIiIiB ooy B He-
BEJIMKUX J103aX MOXJIMBE 30€peXeHHS iX CTPYKTypU Ta
¢yukuii. Ilpu 3HaYHUX [03aX KIITHUHM BTpayaroTb
3[IATHICTb JO PO3MHOXEHHS i TMHYTb, 11O MPOSBUTHCS
o3HakKaMM HemoctaTHocTi dpyHkuii 3. Axio ypaxkeHi
KJIITUHU HE BTpayvaloTh 3JaTHICThb A0 TOJIiIY, BOHU MO-
KYTb CTaTU MPUYMHOK BUHUKHEHHS MyxauH 113, Mox-
JIMBUI PO3BUTOK aBTOIMYHHOTO TUpeoiguTy. KiaiHiYHUM
MposiIBAM O3HA4Y€HOI MaTOJ0Tii MOXYTh MepeayBaTh Jia-
0opaTopHi 03HAKU 3MiH T'YMOpPaJIbHOTO Ta iMyHHOTO CTa-
Hy. 3araibHoBigoMo, 110 I3 HanexXuTh 10 OpraHiB, ae
rpoJtidepallis BiZOyBa€eThCS TTOBITLHO, TOMY pamialliiiHi
e(eKTH B Hilt MOXYTb BUSIBUTHUCS Yepe3 0araTo poKis.

AHaJti3 IMTOJIOTIYHUX MperapatiB Moka3as, 110 B Tep-
BUHHUX KyJabTypax KiaiTuH 1113 HOBOHApOIXKEHUX LIypPiB
BiJ 000X onpoMiHEHUX 0ATbKiB CIIOCTEPIraJoch iCTOTHE

of regulation. Follicular cells form in the glands
numerous tiny follicles, each of which consists of a
central cavity filled with colloid and surrounded by
a single layer of cubical epithelial cells. Follicular
cells are turned with their tops into the lumen of
the follicle (colloidal cavity), and their bases are
adjacent to the basement membrane of capillaries.
The size of these cells depends not only on the
activity of cancer, but the consumption of iodine.
In their cytoplasm many drops of colloid appear in
diameter up to 2 microns. The nuclei is usually
located closer to the base of cells. Thyroid follicles
form conglomerates, surrounded by a network of
blood vessels, cells and fibers of the connective tis-
sue, plasma and mast cells. These conglomerates
form particle of different sizes.

Cytological analysis of primary thyroid cell cul-
ture preparations of newborn rats in the control
showed that cells mainly are of epithelioid type in
various sizes and shapes: round, cylindrical and
polygonal (Fig. 1, A-D). Nucleis are large oval and
of round shape, containing 1-2 nucleoli.
Cytoplasm is uniform, most cells have vacuoles of
various sizes. Sometimes cells with two nuclei
(Fig. 1, E) can be met. Also forming of continuous
monolayer of cells with round nuclei (parafollicu-
lar) and stratification of one type cells in which
nuclei stained intensely (Fig. 1, A, B, D) can be
seen. Nuclei containing 1—2- rarely 3 nucleoli.
These structures look alike like «follicle» of thyroid
tissue. Fig. 1, B and D show the functioning folli-
cles, cavities are filled with colloid, a cube-shaped
epithelioid cells adjacent to the kind of «basement
membrane» (Fig. 1, D).

The literature suggests that thyroid irradiation by
incorporated iodine radionuclides in small doses
cause possible preservation of thyroid cells struc-
ture and function. In large doses, the cells not lose
their ability to reproduce and die that manifest
signs of thyroid function failure. If impressed cells
lose the ability to divide, they can be a cause of
thyroid tumors. The development of autoimmune
thyroiditis is possible. Clinical manifestations of
designated pathology may be predicted by labora-
tory signs of changes in humoral and immune sta-
tus. It is well known that the thyroid refers to
organs where proliferation is slow — radiation
effects can be noticed much later.

Analysis of cytologic preparations showed that
primary thyroid cell cultures of newborn rats born
from both parents exposed showed a significant
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(KOHTpONIb) Ha 4-Ty Ta 6-Ty AOGY KYNbTUBYBAHHA.

A — yTBOpEHHS donikyna Ha No4aTKoBOMY eTani KynbTuByBaHHSA (2—4-Ta noba), 36inbweHHs x 200; b — po3pocTaHHsa doniky-
na i yrtBopeHHs 3D-cTpykTypu, 30inbleHHs x 200; B, T, [, — y BHYTpilLHbOMY MpocTopi donikyna noMiTHUI Konoif, Wwo BMpoo-
NFETLCA TUPOUUTaAMN i KU MOXe B6yTu ropmoHamu: B — 36inbienHs x 400, I — 36inbwenHs x 1000, [, — 36inbweHHs x 200;
E — pnBosimepHi KNiTMHK, SIki pigKo 3yCTpivatoTbCs B iIHTAKTHUX KynbTypax KNiTuH LLL3, 36inbweHHs x 1000.

Figure 1. Structure of thyroid primary cell cultures of newborn rats from irradiated parents (control) in the
4" and 6" day of cultivation.

A - follicule formation in the initial phase of cultivation (2-4 day), increased x 200; B — proliferation and 3D-structure follicule
formation, increase x 200; C, D, E — in the inner space of the follicle — marked colloid produced by tyrocytes and may be hor-
mones, C - increase x 400, D — increase x 1000, E — an increase of x 200; F — dual cells that are rarely found in intact thyroid

cell cultures, increase x 100.

3MEHIIIEHHS 3arajJibHOl KiJIbKOCTi KJIITUH y MOHOIIapi
(puc. 2, A—E). {dx cBimuath pe3yabTaTh AOCTiAXKEHHS,
300pakeHi Ha puc. 3, MIUTbHICTh KIIITUHHOI TOITYJISITiT
ckiagaia Tinbku 13 % KIITUH Bill KOHTPOJIIO, ajie MiTO-
TUYHA aKTUBHICTh 1X HE BiIpi3HsUIach Bif KOHTPOJIIO
(puc. 4). ®opma KIIITUH MepeBaxKHO IOJIirOHabHA, SI-
pa oBajbHOI (POPMU 3 UITKO BUpaKeHUMU 1—2 simeplisi-
MU pPO3MillyBaIMCh aCUMETPMYHO, 3HAYHO 3pocia
(6inpire HixK y 10 pasiB) KiIbKiCTh ABOSAEPHUX KIITUH
(cnocTepiranu TpusiaepHi KiiTuHu ) (nuB. puc. 2, B, I'i
puc. 6) Ta KiJIbKiCTh allONTOTUYHUX KJIITUH MiIBUIIY-
Jlach Maitke y 22 pa3u IOpPIiBHSIHO 3 KOHTPOJIEM (IUB.
puc. 2, J1 i puc. 6). HamapyBaHHs eIiTesionoaioHux
KJIITUH, CXOXUX Ha (OJiKyIu, CIIOCTepirajuch myxke
pinoko i 0yu HeBeIMKUX po3MipiB. Oco0IMBY yBary npu-
BepHyJia II0sIBA B KYJbTypax KJITHH LIbOTO BapiaHTy
JOCTIiy «IepCHENONiOHNX» KJIITUH, 1110 € MAPKEPOM He-
OILIACTUYHOI TpaHchopmallii (AuB. puc. 2, E).

Crig BigMIiTUTH, IO MOmiIOHI CTPYKTYpHiI Ta Mopdo-
(¢ yHKIiOHATBHI 3MiHM BCTAHOBIICHI i B KYJBTYpi KIIITUH

decrease in the total number of cells in monolayer
(Fig. 2, A—E). According to results of the study
which are shown in Fig. 3, the density of the cell
population was only 13 % of control cells, but their
mitotic activity did not differ from controls
(Fig. 4). The shape of cells, mostly polygonal,
oval nuclei with distinct nucleoli 1—2 asymmetri-
cally placed, significantly increased (in more than
10 times) the number of dual cells (three nuclei
observed) (Fig. 2, C and Fig. 6) and the number
of apoptotic cells increased about 22 times com-
pared with the control (Fig. 2, D and Fig. 6).
Rarely we observed layer of epithelioid cells that
were similar to the follicles and they were of very
small sizes. Particular attention was attracted by
the appearance in cell cultures of this experiment
of «ring-like» cells that are transformation mark-
ers (Fig. 2, E).

It should be noted that similar structural and
morphological changes were observed in the estab-
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PucyHOK 2. CTpyKTypa nepBUHHOT KynbTypu KNiTuH LL{3 HoBOHapoaXKeHux wypiB Ha 6-Ty A06Y KYNbTUBYBAHHA
y BapiaHTi gocnigy 3 onpomiHeHHAM pagioHyknigamum ioay-131 camKku.

A — OCHOBHA CTPYKTypa KyNbTypu KNiTUH, 36inblueHHs x 400; A, B — yTBopeHHs apibHux donikynis, 30inbLweHHs x 400; BTal —
OBOsAepHi KNiTuHK, 36inbweHHs x 400; [ — cnocTepiraeTbCsa 3Ha4YHa KifibKicTb anonNTOTUYHUX KNiTUH, 30inblweHHs x 1000;
E — nepcHenonibHi kNiTMHW, LLO cnocTepiranm B JOCNIAHUX KynbTypax KiTnH L3, 36inbweHHs x 1000.

Figure 2. Structure of thyroid primary cell cultures of newborn rat at the 6" day of cultivation in the version

of the experiment with only females irradiation by radioiodine-131.
A — the basic structure of the cell culture, increase x 400; A, B — the formation of small follicles, increase x 400; C and D - dual
cells, increase x400; E - there is a significant number of apoptotic cells increase x 1000; F — «ring-like» cells observed in exper-

imental thyroid cell cultures, increase x 1000.

113 HamankiB TBapyH 3a MpeHaTaIbHOIO OMPOMiHEHHS
pamioitogom-131 camok (puc. 3—6).

AHaJti3 TUTOJIOTIYHUX IIpeIapaTiB KyJabTyp Ki1ituH 1113
HaIlIaIKiB, HAPOIKEHMX BiJl MpeHaTaTbHO OTPOMIiHEHUX
caMl1IiB (puc. 7) BUSBUB aHAJIOTiI0 CTPYKTYPY MOHOILLIAPY
KJIITUH 3 KOHTPOJIEM: MPUCYTHICTh KJIITUH Pi3HOI (op-
MU, pO3MipH Ta PO3MILLIEHHS SIIEP KIITUH, BaKyoJIi3allito
UATOTIIJIA3MU, HAasIBHICThb MITOTMYHUX KJiTHUH. [Ipote
LIIJIBbHICTh KJIITUHHOI TOnyJIsaLii 3MeHInuaack Ha 33 %
(muB. puc. 3), a MiTOTUYHA aKTUBHICTh (puc. 4) Maa
TeHACHLiI0 10 MiABUILEHHS Y MOPiBHSIHHI 3 KOHTPOJb-
HOIO TpyTio. BomHovac 3pociia KilbKiCTh TBOSIIEPHUX
kiituH (y 6 pasiB) (puc. 3, JI ta puc. 5) i KiIbKiCTh aror-
TOTUYHMX KJIITUH MigBuinuiaack y 34 pasu (puc. 3, I' Ta
puc. 6). Croctepiraau (GopMyBaHHSI PiBHOMipHOTO
CYLIJIBHOTO MOHOIIAPY KJIITHH 3 HAIJIACTYBaHHSM iH-
TEHCHBHillle 3a0apBA€HUX OJHOTUIIOBUX EITiTeli0I0-
nioHux ximituH (puc.3, A — B, ), mo HaramyBaiu
«(omikymn» TkaauH 1113, ipoTe Oyau aTUIIOBOI (hopMu
3 posipBaHuMmu Kpasgmu. Ha pwuc. 7, [ 4iTKO BHIHO
«IePCHEMNOIiOHI» KITITUHMU.
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lished thyroid cell culture of only females prenatal
exposure by radioiodine-131 (Fig. 3—6).

Cytological analysis of thyroid cell culture
preparations received from offsprings born by
prenatally exposed males (Fig. 7) showed analogy
of cell monolayer structures to control: the pres-
ence of cells of different shapes, sizes and place-
ment of cell nuclei, cytoplasm vacuolation, pres-
ence of mitotic cells. However, the density of the
cell population decreased by 33% (Fig. 3), and
mitotic activity (Fig. 4) tended to increase com-
pared to the control group. At the same time the
number of dual cellsincreased (6 times) (Fig. 3, E
and Fig. 5) and the number of apoptotic cells
increased in 34 times (Fig. 3, D and Fig. 6).
There was even forming of a continuous mono-
layer of same type epithelioid cells stained
stronger (Fig. 3, A, B, D), reminding «follicle»
thyroid tissue, but there were also atypical forms
with torn edges. On the Fig. 7, D we have clearly
visible «ring-like» cells.




EXPERIMENTAL

RESEARCH

ISSN 2304-8336. Ipobnemu pagiauiitHoi Meauumky 1a pagiobionorii = Problems of radiation medicine and radiobiology. 2017. Bun. 22.

300
=
2t
)
< £ 2501
S 5
%o_
g2
82200-
]
E S
o =
T S 150
S o
ST
E &
g L
T & 100+
S oo
= o
23
5 E 504
g =2
=)
>

0-

BapiaHT mocnigy / version of experiment

PucyHok 3. WinbHicTb KNiTMHHOT nonynAyii y nepeuHHii KynbTypi KNiTUH L3 HOBOHapoaXKeHUX wypis, 6aTb-
KK Akux 6ynu onpomiHeHi in utero papioHyknigamu nogy-131.

Ha oci abcuuc: 1 — onpomiHeHHst pagioisoTonom oay-131 oTpumanu camku i camui LypiB; 2 — ONPOMIHEHHS Paioi30TONoM
rnoay-131 oTpymanu Tinbkn camui WypiB; 3 — ONPOMIHEHHS paaioi3oTonoMm roay-131 oTpumanu Tinbkn CaMKu LLLYPIB.
*Pi3HnUg cTaTMCTUYHO 3HaYyLLLA NOPIBHAHO 3 KOHTponem (p < 0,05); **pi3HMus CTaTUCTUYHO 3HAYYLLLA NOPIBHSHO 3 BapiaHTa-
mu gocnigy 1i3 (p < 0,05). K- KOHTpONb.

Figure 3. The density of the cell population in primary thyroid cell culture of newborn rats whose parents

were exposed in utero by radioiodine-131.

On the horizontal axis: 1 — females and males rats exposured by radioisotope iodine-131; 2 — only male rats are exposured by
radioisotope iodine-131; 3 — only female rats irradiation by radioisotope iodine-131.

*Statistically significant difference compared to control (p < 0.05); **statistically significant difference compared to the
options of experiment 1 and 3 (p < 0.05). K — control.
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BapiaHT mocnigy / version of experiment

PucyHOK 4. MiToTuyHuit iHAEKC y NnepBUHHI KynbTypi KNiTUH LL|3 HOBOHapoAXKeHUX WwypiB, 6aTbKKU AKUX Gynn
onpomiHeHi in utero papioHyknigamu opy-131.

Ha oci abcuuc: 1 — onpomiHeHHst pagioisoTonom oay-131 oTpumanu camku i camui LypiB; 2 — ONPOMIHEHHS Paioi30TONoMm
rnoay-131 oTpumanu Tifibku camui LypiB; 3 — ONPOMIHEHHST pPaaioi3oTonom mnoay-131 oTpumanu Tinbkn camku wypis. K —

KOHTPOJIb.

Figure 4. Mitotic index in thyroid primary cell culture of newborn rats whose parents were exposed in utero
by radioiodine-131.

On the horizontal axis: 1 — females and males rats are exposured by radioisotope iodine-131; 2 — only male rats are exposured
by radioisotope iodine-131; 3 — only female rats irradiation by radioisotope iodine-131. K — control.
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Kinbkictb aBosimepHmMx knituH / number of dual cells

BapiaHT mocnigy / version of experiment

PucyHoK 5. KinbkicTb ABOSAEpHUX KNITUH Y NepBUHHIN KynbTypi KNiTuH L3 HOBOHapoaKeHux Wypis, 6aTbKu

AKUX 6ynu onpomiHeHi in utero papioHyknigamm iopy-131.
Ha oci abcuuc: 1 — onpomiHeHHst pagioisoTonom oay-131 oTpumanu camku i camui LypiB; 2 — ONPOMIHEHHS Paioi30TONoM
rnoay-131 oTpymanu Tinbkn camui WypiB; 3 — ONPOMIHEHHS paaioi3oTonoMm roay-131 oTpumanu Tinbkn CaMKu LLLYPIB.

*PisHnUS CTAaTUCTMYHO 3HaYyLLa NOPIBHAHO 3 KOHTponeM (p < 0,05). K — KOHTpOSb.

Figure 5. Number of dual cells in thyroid primary culture cells of newborn rats whose parents were exposed
in utero by radioiodine-131.

On the horizontal axis: 1 — females and males rats exposured by radioisotope iodine-131; 2 — only male rats exposured by
radioisotope iodine-131; 3 — only female rats irradiated by radioisotope iodine-131.

*Statistically significant difference compared to control (p < 0.05). K — control.
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BapiaHT nocniny / version of experiment

PucyHoK 6. KinbKicTb anonToTuyHux KniTMH y nepBUHHIN KynbTypi knituH L3 HoBOHapopKeHux wypis,

6aTbKu AKux Gynu onpomiHeHi in utero papioHyknigamu nogy-131.
Ha oci abcumc: 1 — onpoMiHeHHs1 pagioizoTonom noay-131 oTpumanu camkm i camui LypiB; 2 — ONPOMIHEHHS PAAi0i30TOMNOM
roay-131 oTpymanu Tinbkn camui WwypiB; 3 — ONPOMIHEHHS paaioi3oTonom oay-131 oTpumanu TinbK1 CaMKU LLIYPIB.

*Pi3HMLA CTAaTUCTMYHO 3HaYyLLA NOPIBHAHO 3 KOHTponeM (p < 0,05). K — KOHTpOSb.

Figure 6. The number of apoptotic cells in thyroid primary culture of newborn rats whose parents were
exposed in utero by radioiodine-131.

On the horizontal axis: 1 — females and males rats exposured by radioisotope iodine-131; 2 — only male rats exposured by
radioisotope iodine-131; 3 — only female rats irradiated by radioisotope iodine-131.

*Statistically significant difference compared to control (p < 0.05). K — control.
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PucyHOK 7. CprKTypa I'IepBMHHO:I. KynbTypu KNiTUH |.|.|3 HOBOHApPOAXEeHUX ll.l,yp'iB Ha 6-Ty Aoﬁy KYJ1IbTUBYBAHHA
y BapiaHTi gocniay 3 onpomiHeHHAM pagioHyknipamm inoay-131 camus.

A, B, B — yTBOpeHHsa donikyniB HenpaBuabHOi GopMU 3 HallapyBaHHAM, 30inbweHHs x 200; I, [l — cnocTepiraeTbcs 3Ha4Ha
KiNbKiCTb anONTOTUYHUX KNITUH Ta ABOSAAEPHUX KNiTUH, 306inblueHHs x 1000; E — «nepcHenomdiOHi» KNiTUHK, WO cnocTepirann

B JOCNIOHUX KynbTypax kniTuH LLL3, 36inbieHHs x 400.

Figure 7. Structure of thyroid primary cell cultures of newborn rat at the 6™ day of cultivation in the version
of the experiment only male rats irradiation with radioiodine-131.

A, B, C — formation of follicles of irregular from with stratification, increase x 200; D, E — there is a significant number of apop-
totic cells and dual-cell, increase x 1000; F — ring-like cells observed in experimental thyroid cell cultures, increase x 400.

Hocnimxkenns: ctpykrtypu I3 mpu xpoHiuHOMy Y-
OMpOMiHEeHHIi TBapuH B no3ax Big 5 mo 50 cIp nmokaza-
Jno [20], mo MopdodyHKIiOHATbHI MEePEeTBOPEHHS
(OMKYISIPHOTO EITiTeNI0 MPOSBISLUIMCSI KOMIIEHCA-
TOPHOIO TinmepTpodi€lo TUPOUUTIB i aKTUBI3aIi€lo
npolieciB goaikyiaoreHe3y. byjio Takoxk BCTaHOBIIEHO,
mwo B emitenii I3 iHAyKyBaauchb FeHOTOKCUYHI Y-
KOJIK€HHSI, 110 IPOSIBIISINCh B ITOCHJIIEHOMY (POpPMY-
BaHHi KJITUH 3 Mikposapamu. Baxanu, 110 Taxi
3MiHM B COMAaTUYHMX KIJIITUHAX MOXYTb IPU3BOIUTHU
JI0 TEeHETUYHOI TpaHchopMallii i pO3BUTKY 3JTOSIKICHUX
HOBOYTBOPEHbD, a TAKOX J0 HECTAOLILHOCTI TEHOMHOIO
armaparty, COMaTMYHMX MYTaLiil i, IK HACIiIOK, — 10
3HUXEHHST e€(EeKTUBHOCTI penapaiii ompoMiHEeHUX
KJIITUH, 3aMiHM iX CIOJYYHOIO TKAHUHOIO, MOPYILIEHb
(izioJIOTiYHMX BHYTPIIIHBOCUCTEMHMX 3B’SI3KiB i pe-
LEeNnTOPHOI B3aEMO/ii TOPMOHIB, IO CIIPUSIIO (POPMY-
BaHHIO TKAHWUHHOI PEe3MCTEHTHOCTI O0 iX Oii, He3daT-
HOCTi CUHTE3YBaTH aJeKBaTHi KiJIbKOCTi TOpMOHIB [21].
AHanoriuHi edpekTH Oyy OTpUMAaHiI HAaMU i B KJIiTMHAX
I3 in vitro.

Investigation of the structure of thyroid upon
chronic y-irradiation of animals at doses of 5 to
50 cGy showed [20] that the morphological
transformation of follicular epithelium manifest-
ed by compensatory hypertrophy of thyrocytes
and activation of folliculogenesis processes. It
was also found that in thyroid epithelium geno-
toxic damages were inducted, evidenced in the
enhanced formation of cells with micronuclei. It
was believed that such changes in somatic cells
may lead to genetic transformation and develop-
ment of malignant tumors, as well as the instabil-
ity of genomic system, somatic mutations and as
a result — may reduce efficiency of repair of irra-
diated cells, replacing them with connective tis-
sue, disorders of physiological bonds and recep-
tor interaction of hormones that contribute to the
formation of tissue resistance and inability to
synthesize adequate amounts of hormones [21].
Similar effects were obtained by us in thyroid
cells in vitro.
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BUCHOBKHA

TakuMm 4yMHOM, aHaJli3 Ta KiJIbKiCHa XapaKTepuCTUKa
MOpPOPYHKIIIOHATbHUX TIOKAa3HWKIB y TNEpBUHHIN
Kynerypi KiituH 113 HOBOHapomKeHMX ILIypiB, OATbKU
SIKUX OYJM OMpPOMiHEHI IMpeHaTaJIbHO pajioi3oTonaMu
ony-131, mokasanu, 11O MiJ BIJIMBOM OMNPOMiHEHHS
I3 3a3Hae mecTpYKTUBHMUX 3MiH Ha KJIITHHHOMY PiBHi
HaBiTh y HAIIAJKiB IPYroro MOKOJIiHHS, 1110 IIPU3BOAUTH
0 TIOpyIIeHHsS 1i (YHKIiA. YTBOpEHHS B KYJbTYpi
kiituH I3 «nepcHenoaiOHUX» KJITHMH CBiI4UTb IIPO
iCTOTHI T€HOTOKCHYHI IMOpPYIIEHHS 1 BKa3ye Ha HecC-
Ta0OiJIbHICTh TEHOMY Y HAIlAKiB TBApUH, ONPOMiHEHUX
pagioizoronom iomy-131.
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CONCLUSIONS

Thus, the analysis and quantitative characteriza-
tion of morphological parameters in thyroid pri-
mary cell culture of newborn rats whose parents
were exposed prenatally by radioisotopes of
iodine-131 showed that thyroid exposure to radia-
tion undergoes its destructive changes at the cellu-
lar Ievel even in the offspring of second generation
and leads to disruption of its functions. The forma-
tion in thyroid cell culture ring-like cells is an evi-
dence of significant genes-toxic violation and
points to the genome instability in offspring of ani-
mals exposed by radioisotope iodine-131.
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