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BILJIMB IIPEHATAJIbHOTI'O OITPOMIHEHHS *'1 HA TOJIOBHU
MO30K: EKCIIEPUMEHTAJIbHA MOJAEJIb KIITHIYHUX
HENPOPAIIOEMBPIOJIOTTYHUX E®EKTIB

[0NOBHWIT MO30K IIDAMHM Yy NPEHaTaNbHUIA Nepiofl € HabiNbI pafioBpasIMBO CTPYKTYpoto. Ha BigMiHy Big aTOMHMX
6ombapayBaHb i pafioNnoriYHMX MeguyHUX NpoLeayp, AKi NpU3BOAATL 40O NePeBaAXKHO 30BHILIHbLOrO ONPOMiHEHHS, Npu
aBapifx Ha aTOMHKX peaKkTopax BiabyBaAETbCA 3HAYHUI BUKUA PafioakTUBHOTO I, sKMiA 3yMOB/IIOE 3HAYHE BHYTPilLHE
ONMpOMiHeHHs. Lle Moxe npu3BoANTU [0 0COBNMBUX pafioHepoeMbpionoriyHnx edekTis.
MeTa po60TK: CTBOPUTH eKCNepUMEHTaNbHY MOAENb e(hEKTIB NPeHaTaNbHOro onpoMiHeHHs I ronoBHOro MO3Ky Jito-
AVHU i BU3HAUUTK eKcnepuMeHTaNnbHi Ta KNiHiYHi HeilpopaaioembpionoriyHi edekTu.
006'eKT gocnipKeHHsA: HeilpopagioembpionoriyHi edekTn B opraHiami npeHatanbHo onpomiHeHux “'I wypie BicTap.
CraH HepBOBOi cucTeMM Ta Ncuxiku 104 onpomiHeHWX BHYTPiWHbOYTPOOHO BHacnigok asapii Ha YAEC i 78 Heekcno-
HOBaHux in utero ocib.
MeTopau: ekcnepumeHTanbHi — NnoBefiHKOBI (CMOHTAHHA TOKOMOTOPHA Ta JOCNIAHWLbKA aKTUBHICTb; KNiHIYHI — Helt-
PONCUXiaTPUUHI, HePO- i NCUXOMETPUYHI, HENPONCUXONOTIYHI, Helipodi3ioNoriuHi, AO3MMETPUYHI, CTAaTUCTUYHI.
Pe3ynbratu. (TBOpeHO MOAeNb BHYTPiWHbOYTPOOHOrO onpoMiHeHHs wypis Bictap 'l wnsxom ogHopa3oBoro nepo-
panbHOro BBEJEHHSA B CEpeAuHi rectauiiiHoro nepiogy pafioHyknigy akTuBHicTio 27,5 Kbk (B03a Ha WKUTONOAIGHY 3a-
no3sy nnopy (0,72 + 0,14) Ip), Aka ekcTpanonioe pagioHeiipoeMbpionoriyHi eekTn y WypiB Ha BHYTPilWHLOYTPOOHO
onpoMmiHeHux oci6 BHacnifok YopHoOMIbCbKOT KaTacTpotu. BcTaHOBNEHT B eKcnepuMeHTi Ha wypax Bikom 10 mic.
3MiHM Y NOBEAIHKOBMX PeaKUifX, 3HWXEHHS BUPOONEHHS YMOBHO-peh/IeKTOPHUX PpeakLliid, Wo CBigYuTb Npo
NOriplWEHHSA KOTHITMBHUX BNACTUBOCTEH MO3KY OMPOMiHEHUX TBApUH. Y BHYTPilIHbOYTPOOHO OMNPOMiHEHMX 0Ci6
36epiraeTbcs xapakTepHUN KOTHITUBHUI AediuuT, AKW nonsrae y AMCrapMoHii iHTeNeKTyanbHOro po3BUTKY 3a paxy-
HOK BiJHOCHOTO 3HWXXEHHs BepOaNbHOTo iHTENEKTY Y MOPiBHAHHI 3 BiAHOCHUM 3pOCTAaHHAM HeBEpOANbHOrO iHTENeK-
Ty, WO MOXe CBifYNTU Npo AUCHYHKLII KOPTUKO-N1iMBiuHOT cucTemmn, 0cob6nMBO, rinokamny foMiHaHTHOT remicdepwu.
3HMKEHHsA CNeKTPasbHOT NOTYKHOCTI TeTa-fgianasoHy (4—7 i) 6ioeneKTpUYHOT aKTUBHOCTI FOJIOBHOTO MO3KY Y NiBil
NO6HO-CKPOHEBIN AiNAHLI Y BHYTPilIHLOYTPOOHO ONpPOMiHEHMX 0Cib CBifUMTb Npo rinokamnanbHy AuchyHKLio, nepe-
BA)XXHO Yy AOMiHaHTHili remicdepi. bionoriyHum 6a3nucom Lboro eekTy MoXe 6YTU NOPYLIEHHS FiNOKaMNaNbHOTO Hell-
poreHe3y BHAaCNiOK NpeHaTabHOr0 ONPOMiHEHHSA PaAioakTMBHUM HogoM. IHHOBAUiHI nigxoam [o couianbHoT agan-
Tauii, ncuxonpodinakTuky Ta ncuxopeabinitalii nonAranTs y NPUHLUNT MAKCUMaNnbHO €EKTUBHOIO BUKOPUCTAHHSA i
PO3BUTKY CaMe TUX NCUXONOTIYHUX Ta KOTHITUBHMUX BNACTMBOCTEN NOCTPAXAaNUX, AKi B HUX HANOiNbLW PO3BUHYTI.
Kntouosi cnoBa: **'I, npeHatanbHe onpoMiHEHHS TOIOBHOTO MO3KY, HelpopagioembpionoriuHi edekt, YopHobUnbCbKa
KaTtacTpoda, rinokamnanbHuii HeliporeHes, KOPTUKO-NiMOIYHA cMCTeMa, collianbHa aganTallis, iHHOBALiNHI nigxoau.
Mpobnemu padiayitinoi meduyuHu ma padiobionozii. 2017. Bun. 22. C. 238-269.
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Cerebral impact of prenatal irradiation by "'I:
an experimental model of clinical neuroradioembryological effects

Human brain in prenatal period is a most vulnerable to ionizing radiation body structure. Unlike atomic bombings
or radiological interventions in healthcare leading at most to external irradiation the intensive internal exposure
may occur upon nuclear reactor accidents followed by substantial release and fallout of radioactive ™'I. The latter
can lead to specific neuroradioembryological effects.
Objective. To create an experimental model of prenatal cerebral radiation effects of *'I in human and to determine
the experimental and clinical neuroradioembryological effects.
Study object. The neuroradioembryological effects in Vistar rats exposed to **'I in prenatal period. Nervous system
status and mental status in 104 persons exposed to ionizing radiation in utero due to the ChNPP accident and the
same in 78 not exposed subjects.
Methods. Experimental i.e. behavioral techniques, including the spontaneous locomotive, exploratory activity and
learning ability assessment, clinical i.e. neuropsychiatric, neuro- and psychometric, neuropsychological, neurophys-
iological methods, both with dosimetric and statistical methods were applied.
Results. Intrauterine irradiation of Wistar rats by *'I was simulated on a model of one-time oral 27.5 kBq radionu-
clide administration in the mid-gestation period (0.72+0.14 Gy fetal thyroid dose), which provides extrapolation of
neuroradioembryological effects in rats to that in humans exposed to intrauterine radiation as a result of the
Chornobyl catastrophe. Abnormalities in behavioral reactions and decreased output of conditioned reflex reactions
identified in the 10-month-old rats suggest a deterioration of cerebral cognition in exposed animals. Specific cog-
nitive deficit featuring a disharmonic intellectual development through the relatively decreased verbal intelligence
versus relative increase of nonverbal one is remained in prenatally exposed persons. This can indicate to dysfunc-
tion of cortical-limbic system with especial involvement of a dominant hemisphere hippocampus. Decreased theta-
band spectral power (4-7 Hz range) of cerebral bioelectrical activity in the left frontotemporal area is suggestive of
hippocampal dysfunction mainly in dominant hemisphere of prenatally irradiated persons. Disorders of hippocam-
pal neurogenesis due to prenatal exposure by radioactive iodine can be a biologic basis here. Innovative approach-
es in social adaptation, psychoprophylaxis and psychorehabilitation involve the maximum effective application and
development of just the most developed psychological and cognitive abilities in survivors.
Key words: ™I, cerebral prenatal irradiation, neuroradioembryological effects, Chornobyl catastrophe, hippocampal
neurogenesis, cortical-limbic system, social adaptation, innovative approaches.
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BCTVYII INTRODUCTION

TomoBHMIT MO30K JIOAWHU y TIpeHaTaJbHOMY Tiepiofi €  Human brain is the most vulnerable body structure
HalOiNbII pamioBpa3IMBOIO CTPYKTYpPOIO opraHidMy, in prenatal period especially at weeks 8—15 and
0co0JMBO Ha 8—15-My i 16—25-My THKHSX recrallii, Ko-  16—25 of gestation when neurons migrate to the
JIN BimOYyBa€ThCsI Mirpallisi HepoHiB MO Micllb ix ocTa-  places of final placement in cerebral cortex, cere-
TOYHOTO PO3MIIlIeHHS Y KOPi BEIMKNX MiBKyNb, popMy-  bral cytoarchitectonics and is under formation,
BaHHSI IMTOAPXiTEKTOHIKM MO3KY i ciHanToreHe3. B ocio,  and synaptogenesis occurs. Severe mental retarda-
sIKi 3a3HaJId BHYTPITHOYTPOOHOIO ONPOMiHEHHSI BHac-  tion, decreased intelligence quotient (IQ score)
JIiZOK aTOMHUX OoMOapmyBaHb Xipocimu i Haracaki, Bu-  and poor school performance, microcephaly and
SIBJICHI TsDKKa PO3yMOBa BifCTaJlicTh, 3HIDKEHHS Koedi-  panic attacks were revealed in exposed to prenatal

239 &



EKCINEPUMEHTAJIbHI

AOCNIAXKEHHA

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

nieHra iHtenekTyaabHocTi (IQ) i MKiABHOI YCIIIIHOCTI,
Mikpouedanisg Ta nmaHiyHi Hamagu [1, 2]. TTopymeHHs
PO3BUTKY F'OJIOBHOTO MO3KY € OJHI€I0 3 MPOBiAHUX TIPU-
YH BUHMKHEHHS HeHpPOIICUXiaTpUYHUX PO3IaiB.

Cnin Bin3HauWTH, 10 €(heKTU MpeHaTaIbHOIO OIl-
pomiHeHHs "'l Ha BUIIly HEpPBOBY HiSUTBHICTb B €KCIIEpU-
MEHTI B3araji He gociimkyBaaucs. Ha BigMiHy Big aToM-
HUX 60MOapayBaHb i pamiooTiYHUX MEIUUYHUX TTPOLIEIYD,
SIKi TIPU3BOASTH A0 TIEPEBaXKHO 30BHIIIHLOTO OITPOMiHEH-
HsI, TIPYM aBapisix Ha aTOMHMX peakTopax BidOyBa€TbCS
3HAYHMII BUKUI pamioakTuBHOro “'I, AKmii 3yMOBIIIOE
3HaAYHe BHYTPIIIHE ornpoMiHeHHs. Lle Moxke Mpu3BoaUTH
JI0 0COOJIMBUX pafioHepoeMOpioIoriYHIX e(eKTiB.

ITpu npoBeaeHHI KIiHiKO-eKCIepUMEHTaTIbHUX palio-
HellpoeMOpioNoriyHMX JOCHiIXKEeHb HaA3BUYailHO BaX-
JIMBUM € MOPIBHSIHHS pagiouyTJIMBOCTI JIOJUHU 3 €KC-
MEepUMEHTAJIbHO OIPOMiHEHMMM TBapMHaMM. Tak, 3a
nanumu B. Bonpaa Ta criiBaBTOpiB [3], cepenHs HamiBje-
tanbHa no3a (J1dso30) (pamiaiiiiHa qo3a, 1110 BUKJIMKAE
3arubenb 50 % ompoMiHEHUX BIIPOOOBXK MiCSLsI) IS
monuHu cknanae 3 Ip, toai sk masg uxypis JIsoz0 Mae
3HaxoauTucs y aiana3oHi 7—9 Ip. Came ueit miamnazoH
BKazaHo y 3BiTi HKJIAP OOH 3a 1982 p. i HaBOoguTHCS Y
BiTUM3HSIHMX JKepejaX Ta I'PYHTOBHMX 3aKOPIOHHMX
moHorpadisx. JIIso/30 A8 1IypiB, 1110 BU3HAYajgacs pa-
30M 3 OILIIHKOIO TOPYIIeHb T€MOIIOe3y, CTAaHOBUTDb, 3a
ouinkamMu M. @nigHepa ta E. Anbriena, BimmosimHo 8,5
ta 9,36 Ip. OCHOBHMMM YMHHUKAMM, 110 BM3HAYAIOTh
Pamiope3NCTEHTHICTh IIYPIB 1 MOXYTh OOYMOBIIIOBATH
MeBHi KonuBaHHA BenuduHU JI/s0/30, € JiHiA, cTaTh Ta

Ta6naumusa 1

irradiation Hiroshima and Nagasaki A-bombing
survivors [1, 2]. Abnormalities in brain develop-
ment are amongst the key factors of origination of
neuropsychiatric disorders.

It ought to be noted that effects of prenatal irra-
diation from "*'I to the higher nervous activity were
not studied in experimental settings at all. Unlike
atomic bombings or radiological interventions in
healthcare leading at most to external irradiation
the intensive internal exposure may occur upon
nuclear reactor accidents followed by substantial
release and fallout of radioactive *'I. The latter can
lead to specific neuroradioembryological effects.

Comparing human radiosensitivity and that in
experimentally exposed animals is critically
important in clinical-experimental neuroradioem-
bryological research. Specifically, according to V.
Bond and co-authors [3] the average half-lethal
dose (LDso,30, radiation dose under which 50% of
exposed animals die within one month) in human
is 3 Gy, while in rat the LDso/30 should be within
7—9 Gy. Just the latter range is stated in the
UNSCEAR 1982 Report and given in national
sources and serious foreign monographs. A rat
LDso/30 defined along with assessment of homeo-
static disorders is 8.5 Gy or 9.36 Gy according to
estimates by M. Flidner and E. Alpen, respective-
ly. Strain of laboratory animals, gender and age, as
well as nutrition ration and species of intestinal
symbiotic microbiome are the key factors of rat

BenuunHu cepepHix HaniBneTanbHMx f,03 npu cepeaHin Tpusanocti xutra 30 Ai6 (flso/30) ANA TBAPUH Pi3HUX

BUAIB i noguHU
Table 1

Half-lethal dose means in average life span of 30 days (LDso/30) for some species and humans

Bup TBapuH / species

CepepHs HangineTanbHa po3a (J1so/30), I'p / Mean half-lethal dose (LDso/30), Gy

Indices (%)

3a paHumu B. Bonpa Ta cnisaBTopiB [3]
by V. Bond et al. [3]

3a pauumm K. N. Prasad [4]
by K.N. Prasad [4]

Mwuuwia / mouse 6,4
Mwwa (cTepunbHa) / mouse (sterile) 7,0
LLyp / rat 71
MycTenbHi Muwwi / desert mice -
Mypuak / guinea pig 4,5
Xom’sik / hamster 6,1-8,6
Kponuk / rabbit 75
Kosen / goat 24
Cauhsi / pig 2,5
Ocen / donkey 2,5-3,7
Bisus / sheep -
Cobaka / dog 2,5
Masnn / monkeys

JloguHa / human 3

8,5-9,0

8,5-9,0
11,0-12,0
2,55
9,0

1,95
1,55
2,65
3,98
2,7-3,0

(1) 240




ISSN 2304-8336. lpobnemn pagiauiiivoi Meauunkn Ta pagiobionorii = Problems of radiation medicine and radiobiology. 2017. Bun. 22.

EXPERIMENTAL

RESEARCH

BiK TBapWH, IX XapyoBWU pallioH, a TaKOX BUIOBUIA
CKJIaJl KMIIKOBUX CUMOIOTUYHMX MiKpoopraHi3mis [3].

Crig migKkpecanTu, 1o i eKCTParosilis STTOHCHKOTO i
3arajJlbHOTO pPaJioJOriyHOTO JOCBiAy MEAMYHUX Ha-
CJIiIKiB aBapii Ha stmepHuX peakTopax (HopHoOub, Dy-
KyciMa) HEMOXJIMBA Yepe3 HassBHICTb BHYTPiLIHBOTO OIT-
pOMiHeHHsl pajgioilomoM mnpu ocTaHHix. IIpu papgia-
LiliHi# aBapii Ha sIepHOMY peakTopi BiZOyBaeThbCs, BU-
KW Y JOBKULISA Paaioi3oTOIiB Homy, sIKi € HalOiIbIn
6ioJioriYHO 3HAYUMUMHU, 0c00MBO *'1. JI031 30BHIIIIHE-
Oro OIPOMiHEHHSI eMOpiOHY i IJIOAY NpU Takiil aBapii
MOXYTh OYyTU MajUMU, ajieé 103U OMPOMiHEHHS IIUTO-
MOIOHOI 3aJ7103U in utero — 3aBETUKUMU.

Y BHYTPIillITHLOYTPOOHO ONPOMiHEHMX BHACiZ0K Yop-
HOOMJILCHKOI KatacTpodu AiTeil He Oy10 BUSBICHO BU-
MaaKiB TSKKOI pO3yMOBOI BiICTAJIOCTi i MiKpouedatiii,
OJIHAK Y HUX JiarHOCTYBaJIM 3HAUyIIE OiJIbIlIe MOPYIIIEHb
MCUXOJIOTIYHOTO PO3BUTKY, €MOLIMHO-ITOBEIIHKOBUX i
OpTaHiYHUX MCUXIYHUX PO3jaliB, MapOKCU3MaIbHUX
CTaHiB Ta BUSIBUJIU J0303aJIEXKHY JUCTAPMOHIIO iHTeIeK-
Ty [5]. BusiBieHo mopyllieHHsS PO3BUTKY JOMiHAHTHOI
(J1iBO1) TMiBKYJIi TOJJOBHOTO MO3KY BHACJiIOK MTpeHaTaIb-
HOT0 OMPOMiHEHHSI B pe3yJibraTi HopHOOUIbCHKOI KaTa-
ctpodu [6]. Jdanuit edexT NpPOCTEKEHO IpPU OI-
pPOMiHEHHI Ha 8-My i OUTBII Mi3HIX THXKHSX TecTallii mpu
Jo3ax Ha 1ig > 20 M3B i IIMTONOAIOHY 3a/103y in utero
> 300 mM3B, a y BUMNAAKY OIpPOMiHEHHS Ha 16—25-my
TKHAX rectauii — > 10 m3B i > 200 m3B, BigmoBimHo.
Haii6inpln KpUTHYHUMMU TepiogaMu LIepedporeHe3y mpu
paniauiifHiit aBapii Ha sIAEPHOMY peakTopi, 11O CYIpo-
BOIKYETbCSI MAaCMBHUM BUKUAOM Pafioiioay 10 AOBKijl-
JIst, € OUIBLI Mi3HI cTpoku rectamii (16—25 THKHIB), HixX
Mpu PiBHOMIpHOMY 30BHIIIHBOMY OINpOMiHEeHHi (8—15
TUXKHIB), 1110 MTOB’SI3aHO 3 PO3BUTKOM LIMTOIOAIOHO1 3a-
JIo3u in utero [5, 6].

3a BUCHOBKaMU eKcrepTiB YopHOOMIBCHKOTO (hopyMy
OOH (2006), moBroTpuBali IMOPYIIEHHS IICUXiYHOTO
300pPOB’S CKJIagaloTh OCHOBHUI MeIUKO-COLiaIbHUMI
Tarap karactpodu. EdexTn Ha TOJOBHMIA MO30K, IIIO
PO3BUBAETHCS, € OMHUM 3 F'OJIOBHUX HeHpoIicuxiaTpuy-
HUX HacainkiB aBapii Ha YopHoOunbebKiit AEC (HAEC)
[7]. OnpoMiHeHHs y MpeHaTaJbHUI MepioA BUKIMKAE
penyKliio cipoi pe4oBUHU, OCOOIUBO putamen (1IKapa-
JIyTia, JlaTepajbHa YacTMHA COYEeBMILIETIONIOHOTO Aapa) i
KOPMU TOJIOBHOTO MO3KY [8—11].

Ha yac BMKOHAHHS AOCIIIKEHHS IpeHATaJbHO OII-
poMmiHeHi BHacminok aBapii Ha YAEC ocobu 3Haxonmmm-
cs y Bili 29—30 pokiB, TOOTO B mepioi BUCOKOBIPOTi-
HOTO PU3MKY MOXJIMBOTO N€0I0TY HEMPOIICUXiaTpUIHOI
MaToJIorii, 10 MOTpedyeE PpeTebHOr0 OOCTEXEHHS i
aHaJi3y BU3HAYeHMX e(EeKTiB 3 ypaxyBaHHSIM ITaHUX

radioresistance being capable for some range of
LD50/30 values [3]

It must be emphasized that extrapolation of both
Japanese and common radiological experience of
accidents at the Nuclear Power Plants (including
Chornobyl and Fukushima NPPs) is improper due
to internal irradiation from radioiodine in the latter
cases. Environmental release of radioactive iodine
isotopes occurs in accidents at nuclear reactors,
with those isotopes being the most biologically rel-
evant especially concerning "'I. External radiation
doses on embryo and fetus at that can be low, but
thyroid doses in utero may be rather high.

No cases of severe mental retardation or micro-
cephaly were identified in children exposed to ioniz-
ing radiation in utero after the Chornobyl catastro-
phe, however much more mental development
abnormalities, emotional-behavioral and organic
mental disorders both with paroxysmal states and
dose-dependent intellectual disharmony were
revealed at that [5]. There was found an abnormal
development of the dominant (left) hemisphere due
to prenatal irradiation after the Chornobyl catastro-
phe [6]. The latter effect was followed upon exposure
at the 8" and subsequent gestation weeks under fetal
doses >20 mSv and thyroid doses in utero > 300
mGy. In case of exposure at 16—25" weeks the radi-
ation doses exceeded 10 mSv and 200 mSv respec-
tively. Later gestation terms i.e. 16—25" weeks corre-
spond to the most critical periods of cerebrogenesis
under a radiation accident on a nuclear reactor fol-
lowed by extensive environmental release of
radioactive iodine versus homogeneous external
irradiation at the terms of 8—15" weeks being relat-
ed to development of thyroid gland in utero [5, 6].

According to conclusions of the UN Chornobyl
Forum (2006) experts the long-term mental health
disorders represent a principal socio-medical bur-
den of the catastrophe. Effects on a developing
brain are one of the main neuromental conse-
quences of the Chornobyl NPP (ChNPP) acci-
dent [7]. Exposure to ionizing radiation in prena-
tal period induce the gray matter reduction, espe-
cially of putamen (i.e. «shell», lateral part of
lentiform nucleus) and cerebral cortex [§—11].

Persons exposed to ionizing radiation after the
Chornobyl NPP accident were 29—30 years old at
the study period, i.e. they had been at a reliable
risk of possible debut of neuromental disease
requiring thorough examination and review of
revealed effects accounting the individual dosime-
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iHIMBiAyaabHOI fo3umMeTpii. HeliponcuxiaTpuuHuii Mo-
HITOPUHT 3a IIUM PafioJIOTiYHO KPUTUIHUM KOHTUHTECH-
TOM ITOCTiTHO YIOCKOHAIIOEThCS. 3a CyJaCHUX YMOB aK-
TYalIbHICTh JTOCHIIKEHHS, 110 BHUKOHYETLCS, BUMAarae
BpaxyBaHHsI HeOe3IleKku orpoMiHeHHs1 'l BHacimok
MOXJIMBUX padiauiiHux iHuuaeHTiB (aBapii Ha AEC,
3aCTOCYBaHHS S1IEPHOI 30pO1, TEPOPUCTUUHI aKTH i3 3acC-
TOCYBaHHSIM «OpymgHOi» O00omMOM). Pesynbratu mocmin-
>KeHb 3MiH HelporeHe3y B FOJIOBHOMY MO3KY, CIIPUYU-
HEeHi Ai€l0 eK30reHHUMX YMHHUMKIB, MOXYTh OYTHU ITiacTa-
BOIO 11 pO3pOOKM iHHOBALIIMHUX METO/iB Heilpopeaoi-
JliTallil Mali€HTiB 3 ITOCTTpaBMaTUYHUMU CTPECOBUMU
po3yiazaMu, 30KpeMa HaOyTUMU ITiJ yac y4acTi y 0oiio-
BUX JIisIX B 30Hi aHTUTEpOpUCTUUHOI onepalii (ATO).
EMmOpion i totim Haitoimemr pagiodyrauBi. OCHOBHI 1O-
TEHIiHI HACHiOKM TMpeHaTaJbHOTO BIUIMBY pamiallii Ha
MO30K JIIOIWHM BKJTIOYAIOTh B ce0€ 3aTPUMKY POCTY, 3MEH-
LIIEHHSI PO3MIpiB T'OJIOBU Ta TOJJOBHOTI'O MO3KY, PO3YMOBY
BiJICTaJTiCTh, €KTOITi K0 HEOKOPTEKCY, Kajl03a/IbHY areHe3ito i
MyXJIMHU MO3KY, 1110 MOXe MPU3BECTU IO HE3BOPOTHHOTO
3HMXKEHHS SIKOCTi XXKUTTS. Mogesti abo Hallli YSIBJICHHS 110~
0 TIpeHaTaIbHUX pafiallifHO-iHAYKOBAaHUX e(EeKTiB
BKJIIOYAIOTh Y SIKOCTI UMHHUKIB PU3UKY HE TiJIbKU CTafil
PO3BUTKY eMOpPIOHY/TIJIOLY, YYyTJIMBOCTI TKAHWH i OpraHis,
a TaKoX pi3Hi ClieHapii OMPOMiHEHHS — JDKepesa BUII-
POMIHIOBaHHS, pafialliifHi 103M Ta IMOTYXXHOCTi J03U. 3i
301JIbLLIEHHSIM BUKOPUCTAHHSI MaIMX J03 padialii aj1s1 aiar-
HOCTMYHHMX a00 TepareBTUYHUX 1IiJiell B OCTaHHI POKU, B
MOEAHAHHI 3 HEraTUBHUMH MEIUMYHUMM HACTiIKAMM T1pe-
HaTaJlbHOro BIUIMBY YOpPHOOMILCHKOI KaTacTpodu 3i
3HAYHOIO TPUBOIOIO i HEMOTPIOHUM MepepUBaHHSIM BariT-
HOCTI MicJIs1 pafialliiiHol aBapii, BUHMKAE 3pocTaroue 3aHe-
MOKOEHHS 3 TIPUBOAY BILIMBY Ha 310POB’Sl padioOriyHOro
00cTeXXeHHsI Ta/a00 JIIKyBaHHSI Y BaTiTHUX XKiHOK [12].
BcraHoBieHo, 110 y JioJeid BHYTPILIHbOYTPOOHUI
BIUIMB 10Hi3yIOYOTO0 BUIIPOMIHIOBAHHSI MPU3BOAUTH 10
HEWPOKOTHITUBHOTO AeMIilUTY i 30ibIIEHHS €MOLIiiTHO-
MOBEIiHKOBUX pPO3JaaiB, aHTPOMOMETPUUYHUX 3MiH
(BMEHIIIEHHST PO3Mipy TOJOBM) Ta ITapOKCU3MAaITbLHUX
CTaHiB ToI1110. BUHSITKOBO BUCOKY UYTJIMBICTb TOJIOBHOTO
MO3KY, LIEHTPaJIbHOI HEPBOBOI CHCTEMH, IO PO3BU-
BA€ETHCS, 10 il i0HI3yI0UOr0 BUITPOMiHIOBAHHS JOBEIE-
HO B JIOCJIIXKEHHSIX 3 BHMBYEHHSI PyXOBOI aKTMBHOCTI,
(byHKIIOHAILHOTO CTaHy i eJIeKTpo@i3ioloriyHuX Xa-
paKTepPUCTUK 3pi3iB MO3KY IIIypiB 3a YMOB ITpeHaTalbHO-
ro onpoMiHeHHs (*’Cs, 60 kbk Ha 6-Ty Ta 16-Ty 100y
BaTiTHOCTI) i OMPOMIHEHHS B TIepioJd ITOCTHATAILHOTO
koprukorenesy ('Cs, 1,0 Ip) [13]. ¥V nHamaznkis or-
poMmineHux ''Cs 1ypiB BUSBJIEHO ITOCWJIEHHS THIIO-
JIOTIYHUX O3HaK (3a piBHEM JJOKOMOTOPHOI aKTUBHOCTI),
0co0MBO y camliB. Halagkamu onpoMiHEeHUX TBapUH

try data. Neuropsychiatric monitoring of persons
from this radiologically-critical population group
is under a continuous improvement. Under cur-
rent conditions the topicality of a described study
requires to account for a hazard of "'l exposure
due to the possible radiation incidents e.g. NPP
accidents, nuclear weapon use, «dirty» bomb ter-
rorist attacks. Study results on abnormalities of
cerebral neurogenesis induced by exogenous fac-
tors can be a rationale for elaboration of innovative
tools of rehabilitation of patients suffering post-
traumatic stress disorders, particularly occurred
during participation in combat operations in the
antiterrorist operation (ATO) zone.

The embryo and fetus are most radiosensitive.
Main potential effects of prenatal irradiation of the
human brain include growth retardation, head and
brain size reduction, mental retardation, ectopy of
neocortex, agenesis of corpus callosum, and brain
tumors, all of which can lead to irreversible decline
in quality of life. Models or our opinions of prenatal
radiation-induced effects include not only embryo
and fetal development stages, tissue and organ sen-
sitivity, but also different radiation scenarios i.e.
variable radiation sources, radiation doses, and dose
rates as the risk factors. With an increase in the use
of radiation in low doses for diagnostic or therapeu-
tic purposes last years along with negative health
consequences of prenatal impact of the Chornobyl
catastrophe with significant anxiety and unneces-
sary interruption of pregnancy following a radiation
accident, there is a growing concern about health
effects of radiological examination and/or treat-
ment in pregnant women [12].

It has been established that intrauterine exposure
to ionizing radiation in human leads to neurocog-
nitive deficit and increased incidence of emotion-
al-behavioral disorders, anthropometric abnor-
malities (head size decrease) and paroxysmal
states, etc. Extremely high sensitivity of the brain
and developing central nervous system to ionizing
radiation has been proved in studies of motor
activity, functional state, and electrophysiological
characteristics of rat brain sections under the pre-
natal irradiation (*’Cs, 60 kBq on the 6" and 16™
days of pregnancy) and irradiation in the period of
postnatal corticogenesis (**’Cs, 1.0 Gy) [13].
Increase in typological signs (in terms of locomo-
tor activity) was shown in descendants of rats,
especially in males, exposed to '’Cs. Descendants
of irradiated animals inherit the abnormalities in
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YCIaJIKOBYIOTHCS 3PYLIEHHS aJanTUBHOI MOBEAIHKH, 1110
MaloThb XapaKTepHi TUMOBI Ta CTaTeBi OCOOJIMBOCTI i MPO-
SIBJISIIOTHCSI IOPYILIEHHSIM 0aJlaHCy PyXOBO1, eMOLIiMHO1
Ta JOCHiTHULBKOI aKTUBHOCTI. [IposiBM cymOMHOI ro-
TOBHOCTiI MalOTh TUITOBi Ta CTaTeBi BiAMiHHOCTI i Kope-
JIIOIOTh 3 TOPYIIEHHSIM rajbMiBHMX MeXaHi3MiB. B oc-
TaHHIX eKCIepUMEeHTaJIbHUX pOo0OTax IMoKa3aHo, IO
npeHaTaJbHe ONMPOMiHEHHS MOpPYIIye HeliporeHes [14].

Hami pesyabraTy 3HaAWIIJIM TIOBHY He3aJleXXHY
HiATPUMKY CTOCOBHO KOTHITUBHOIO Ie(iluMTy 3i 3HU-
KEHHSIM BepOajlbHOTO iHTEJIEKTY y IpeHaTaJlbHO OIl-
poMiHeHUX BHacHinoK YopHoOMIbCHKOI KaTacTpodu B
Hopsgerii y HOpBe3bKMX i aMepUKaHChKUX Kojer [15] i
BucHUX 3 Pocilicekoi ®epepainii mpu OOCTimKeHHI
BiggajJeHUX HaCHiAKiB IMpPeHaTalbHOIO OIPOMiHEHHS B
pe3ynbTari pamiauiiiHux aBapiit Ha IliBpeHHOoMmy VYpari
[16, 17].

OnpoMiHeHHs y MpeHaTaJbHUI Mepioj BUKJIMKAE pe-
JIYKLIil0 Cipol pe4yOBUHU, OCOOJIMBO LIKAPaJIyIIi COUYEBU-
LenoJiOHOro sapa i KOpu TOJOBHOro MO3Ky [18].
PanianiliHo-iHayKOBaHE MOPYIIEHHS PO3BUTKY TOJIOB-
HOI'0 MO3KY BKJIIOYA€E iHTiOiLlil0 rinmokaMnaaibHOIO Heli-
poreHesy, MopyLIeHHSI HEUPOHAJbHOTO aIloITO3Y i Hell-
POCUTHAIIOBAHHSI, ITOLIKOIXKEHHSI HeMPOHAIbHUX MEM-
OpaH i iOHHMX KaHaJiB, 3MiHU €KCIIpecii reHiB, «edeKT
cBigka» («bystander effect»), Heiipo3amajeHHS, ay-
TOIMYHHI TTpoLiecu Ta iH. [19—-21].

Pagiawilinuii BIUIMB TOPYIIYE TiMOKaMITaabHUI HEl-
poreHe3 nepeBaxkHO Y gyrus dentatus y TaKUX KJIITUHAX:
1) HelipoHaNbHUX CTOBOYPOBHUX KIITHMHAX; 2) HeHpo-
HaJIbHUX TIPOTeHITOPHUX KJITMHaAX abo HelipobiacTax;
3) He3pinux HelipoHax Ta 4) rmiodnacrax. Iloka3zaHo, 1110
BIUIMB MaJMX J03 iOHi3yI0UOro BUIPOMIHIOBAHHS MPU
PO3BUTKY HEPBOBOI CUCTEMU BIUIMBAE Ha XOJIIHEPIiUuHY
CUCTEMY, TOJIi SIK 10JJaTKOBUI BIIJIUB KCEHOOIOTUIB 3aJ1y-
yae mie i godamiHepriuny cucremy [22]. Came LUM
MOXHa MOSICHUTU HEWPOKOTHITUBHI i aheKTUBHI edhek-
T 1OHIi3yluoOl padiaulii. AcuMeTpis HelporeHesy
BHACJIiIOK BIUIMBY 10Hi3YI04O0i pajiallii € MOX/JIUBUM Oa-
31MCOM HE3BMYHOI JaTepaizallii iepedpaibHUX MPOSIBIB,
30KpeMa y BUIJISAI crieuudiyHuX OZHOCIPSIMOBAHUX
HEUPOKOTHITUBHUX Ta HeWpo- i McUxodizioaoriyHux
maTepHiB [23].

OCKiJTbKU JTIOACTBO TOTYETHCS A0 MEPILIOTO MiJIOTOBAHO-
ro KOCMIYHOTrO MoJIbOTY Ha Mapc Ta 10 iHIIMX JOBrOTpU-
BaJIMX MiJIOTOBAHUX KOCMiYHUX TOJIbOTIiB, OCOOJIMBY yBary
BUKJIMKAIOTh pafialliliHi pu3MKM, 30Kpema panaiouepeo-
paJibHi, 1110 TIOB’sI3aHi 3 BIIJIMBOM CIIEKTPY BUCOKOEHEpre-
TUYHUX SAEP, SIKi BKIIOUYAIOTh TaJJaKTUYHI KOCMiYHi MPo-
MeHi. Ha excnepuMeHTanbHUX MOMEJISIX BHSIBJICHA He-
OYiKyBaHa pPaliouyTJIMBICTb 3PiIUX KOPTUKAJIbHO-TIMO-

adaptive behavior that have type and gender char-
acteristics and are manifested through disturbance
in the balance of motor, emotional and research
activity. Manifestations of convulsive readiness are
of type and gender differences and correlate with
braking mechanism disorders. In recent experi-
mental studies it has been shown that prenatal irra-
diation results in neurogenesis disorders [14].

Our results have met a complete independent
support in Norway by Norwegian and American
colleagues [15] and by scientists from the Russian
Federation in the study of the long-term conse-
quences of prenatal exposure as a result of radia-
tion accidents in the Southern Urals regarding the
cognitive deficit with a decrease in verbal intelli-
gence in prenatally irradiated persons as a result of
the Chornobyl catastrophe [16, 17].

Irradiation in prenatal period causes a reduction
of gray matter, especially of putamen (i.e. «shell»,
lateral part of lentiform nucleus) and brain cor-
tex [18]. The radiation-induced abnormalities of
brain development involve inhibition of hypo-
campal neurogenesis, disorders of neuronal apop-
tosis and signaling, neuronal membrane and ion
channel damage, changes in genes expression,
«bystander effect,» neuroinflammation, autoim-
mune processes, etc. [19—21].

Radiation impact leads to abnormal hypocampal
neurogenesis mainly in gyrus dentatus with
involvement of 1) neuronal stem cells, 2) neuronal
progenitor cells or neuroblasts, 3) immature neu-
rons and 4) glioblasts. It was shown that in devel-
opment of nervous system the low radiation doses
affects cholinergic system, while the additional
influence of xenobiotics also involves dopaminer-
gic system [22]. Just this can explain the neurocog-
nitive and affective effects of ionizing radiation.
Asymmetry of neurogenesis due to the influence of
ionizing radiation is a possible basis for unusual
lateralization of cerebral manifestations, particu-
larly in the form of specific unidirectional neu-
rocognitive and neurophysiological and psy-
chophysiological patterns [23].

Since the mankind is preparing for the first
manned space flight to Mars and other long-term
manned space missions the radiation risks and
radiocerebral ones in particular are of especial
concern being associated with impact of high-
energy nuclei spectrum including the galactic cos-
mic rays. An unexpected radiosensitivity of mature
cerabral cortical-hippocampal neurons was
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KaMITaJIbHUX HEMPOHiB rOJIOBHOTO MO3KY, 1110 TTIPU3BOAUTD
JI0 HerepeadayyBaHUX HACIIiAIKIB: KPUTUYHO BaKJIMBOTO
3MEHIIIEHHS TTPOAYKTUBHOCTI, HEIPOKOTHITUBHOTO edi-
LIUTY Ta EMOLIIHO-TIOBEIIHKOBUX MOPYIIEHb [24—26].

META

META po60TH — CTBOPUTU €KCIIEPUMEHTAIbHY MOJIEIb
e(exTiB MpeHaTaJbHOTO oInpoMiHeHHS ' rogoBHOrO
MO3KY JIIOAWHM 1 BU3HAYMUTU EKCIIEpUMEHTaJbHI Ta
KJIiHIYHi HelipopaaioeMOpioaoriuHi e(heKTu.

OB’€EKT I METOAU NOCIII2KEHHA

O0’€eKT nocimKeHHs

OO0’eKTOM JOCHIIXEHHS OyJIuM HelipopaaioemMOpioso-
TiyHi epeKTn B OpraHi3Mi IpeHaTaJbHO OIMPOMIHEHUX
3T urypiB BicTap i cTaH HEpBOBOI CMCTEMHM Ta TCUXiKU
104 ompoMiHEHMX BHYTPIIIHHLOYTPOOHO BHACIIIOK
aBapii Ha YAEC i 78 HeeKCITOHOBaHUX in utero ocio.

ExcnepuMeHTAIbHI TBAPHHM TA 3arajibHA cXeMa
JOCJTiIZKeHb

Y exkcnepumeHTi 3amisHi 1mypu Bictap posBeneHHS
BiBapito IHcTuTyT iziosnorii im. O.0. boromonasss HAH
VYkpainu.B mocnimax BUKOpHUCTOBYBaIM IIypiB 3 TTOYaT-
KoBoto Macoro (200 £ 15) r, IKMM 0IHOPA30BO BBOAWIN
nepopajbHO Yepe3 30HI PO3UYMH HATpilo MHNOOUIy
(Na®'l) y guctriboBaHiii Boxi. TBapuH yTpUMYyBaJIA B
CTaHJApPTHUX yMoBax BiBapito. CTBOpPeHHSI eKCIlepu-
MEHTaJIbHOI MOJIeJTi, BUBUEHHS KiHeTUKHU po3romiay 'l
B OpraHiaMmi I1IypiB, pO3paXyHKU 03U OIPOMiHEHHS
njaoay 3aiiCHeHO B IHCTUTYTI SIA€pPHUX OOCIiIXeHb
HAH VYxpainu [27]. B ocHOBY MeTOOMKU pO3paxXyHKY
JI03 TIOKJIaJIeHO €KCMEPUMEHTAIIBHO OTPUMaHi pe3yJib-
tati 1ono BMmicty 'l y 3aponky Ta ruiomi Ha piZHHMX
CTaJisIX BariTHOCTiI 3a OAHOPA30BOTO IIE€POPaIbHOTO
BBEICHHS 130TOIlY CaMKaM L1ypiB JiiHil Bicrap, a Takox
HasBHi JIiTepaTypHi JaHi IOA0 AWHAMIK1A eMOpioHab-
HOTO PO3BUTKY IYPiB i (GOPMyBaHHS i PO3BUTKY Y ILJIO-
Iy LIUTOIOAIOHO] 3a03u [28, 29].

Y nmocnigxeHHSX 3amissHo 24 TBapuHU (camiii), 3
akux 11 — nignocaigHi, 13 — KOHTPOJIbHI A BU3HA-
YeHHS$ MMOBEAiHKOBUX peakliiil B TepMiH 8—10 mic. Y1-
pMMaHHSI TBapMH Ta MPOBEACHHS HOCJiIXEHb BUKO-
HYBaJU y BiAMoBigHOCTI 10 3akoHyYKkpainu «I1po 3a-
XUCT TBAapMH BiJ XXOPCTOKOTO IMOBOIXEHHS» i €Bpo-
MeicbKoi KOHBEHIil i3 3aXMCTy XpeOeTHUX TBapUH
[30, 31].

Locaioncenns nosedinku ugypie y Gioxkpumomy noal.
BinkpuTe moJjie IIMPOKO 3aCTOCOBYIOTh Y €KCIIEPUMEH-
TaJlbHill HelipodizioJiorii Ta Mpu AOCTiIXKEHHI TOBEIIHKU
JUJIST BUBHAUEHHSI €MOLIIMHOI TUITIOJIOril TBApUH, IOCIiI-
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revealed on experimental models, which leads to
unanticipated critical reduction of productivity,
neurocognitive deficiency, and emotional-behav-
ioral disorders [24—26].

OBJECTIVE

The study objective was to create an experimental
model of prenatal cerebral radiation effects by *'I
in human and to determine the experimental and
clinical neuroradioembryological effects.

STUDY OBJECT AND METHODS

Study object

Neuroradioembryological effects in Wistar rats
exposed to "' in prenatal period, nervous system
status and mental status in 104 persons exposed to
ionizing radiation in utero after the Chornobyl NPP
accident, and 78 not exposed in utero subjects.

Experimental animals and general

study design

Wistar rats bred in animal quarters of the O.0. Bogo-
moletz memorial Institute of Physiology of the NAS
of Ukraine were used in experiment. Rats with initial
body mass of (200 £ 15) g were given Na'*'I solution
in distilled water as a single dose orally through the
feeding tube. Animals were kept in standard condi-
tions of the animal quarters. Design of experimental
model, study of the "'I-distribution kinetics in rat
body, and calculations of fetal radiation doses were
conducted in the Institute of Nuclear Research of the
NAS of Ukraine [27]. The experimentally obtained
results on the 'l content in embryo and fetus at dif-
ferent stages of pregnancy upon a single-dose oral
administration of isotope to female rats of Wistar
line, as well as available literature data on dynamics
of rat embryonic development both with formation
and development of fetal thyroid were used as a back-
ground of dose calculation method [28, 29].

Male rats (n=24) were involved in the study of
which 11 were test animals and 13 ones were used as a
control for determination of behavioral reactions in
the 8—10 months period. Animal management and
research were carried out in accordance with the Law
of Ukraine «On the Protection of Animals from Cruel
Treatment» and with the European Convention for
the Protection of Vertebrate Animals [30, 31].

Rat behavior study in an open field. An open field
setting is widely used in experimental neurophys-
iology to study the behavior for identification of
animal typology, effects of medications on motion
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>KEHHS e(EeKTiB MpenapartiB Ha PyXOBY aKTMBHICTb, BUB-
YeHH$ CTaHiB TPUBOXKHOCTI Ta cTpecy [32]. BBaxaeTbcs,
110 CTYIiHb iHriIOyBaHHSI JOCHIAHUIIBKOT aKTUBHOCTI
00’€KTUMBHO BigoOpaxkae piBeHb TPUBOXHOCTI. YMOBU
TECTY BiIKPUTOTO MOJIs (OCBITAEHUI BiIKPUTHUIA MPOCTIp,
HOBM3HA CepeJOoBMIIA) € TTOMipHO aBepPCUBHUMU, TaKW-
MH, IO BUKJIMKAIOTh II€BHE HAIIPy:KEHHS TBapMH, SIKE
MPOSIBJISIETHCS Y MiIBUIIIEHHI Y IIIypiB apTepiaIbHOTO TUC-
Ky, YaCTOTH TIyJIbCY Ta TemIiepatypi Tija [33].

TecT BUKOPUCTOBYETHCS /151 OLLIHKM CIIOHTAHHOI JIOKO-
MOTOPHOI i 1OCTiAHULIBKOI aKTUBHOCTI 11ypiB. TecTyBaHHSI
TBApWH MPOBOAWIM ITiC/Is1 TOCSATHEHHS HUMM ITiBPIYHOIO
BiKy. Yac mpoBeneHHs TecTyBaHb: 3 17-1 1o 19-i ronuHwU.
IToBeniHKy TBap1H Y BiZKpUTOMY IO (DiKCyBaIM 3a 10I10-
Moroio Beb-kKamepu Logitech 11 YyHWKHEHHST BIUIMBY
MPUCYTHOCTI eKCIIepUMEHTATOpa Ha MOBEIiHKY TBApUH.

Ilocnioscenns nogedinku uiypie y xpecmonodionomy nious-
momy aabipunmi. Cepen BeJIMKOI KiJIbKOCTI aAeKBaTHUX i
BUCOKOCTIEIIM(DiYHMX ITOBEAIHKOBUX MOJIeJIeli, HasIBHUX B
apceHasIi cydyacHo1 HelipoOioJtorii Ta rcuxogapMaKkoJIorii,
0COOJIMBOI MOMYJISIPHOCTI HaOyB TECT XPECTOIOAIOHOTO
ninHsToro nabipuxra [34, 35]. IIpaBoMipHiCTb BUKOPHUC-
TaHHSI 1Ii€1 MOJENi BU3HAYAETLCS HacamIlepel TUM, L0
BOHA, SK i y BUMAAKYy iHIIMX TeCT-MOJeseii BpOmKeHOL
MOBeAiHKM (BiZKpuTe MoJie, YOpHO-0ija KaMepa), 3aCHO-
BaHa HAa MOTUBaLiitHOMY OajlaHCi MPUPOAHMUX AaHKCiOTeH-
HUX CTUMYJiB, TaKUX, SIK BIIKPUTUU MPOCTIp, NiAHATICTh
BimIHOCHO 0a30BOi MOBEPXHi Ta HOBU3HA CUTYallii Ta O~
HOYACHOr0 HamMaraHHsI JOCTiAWTU Lii He3HAOMi YMOBHU.
Bcranosnena mi3Hiilie S. File Haa3zBuyaiiHa 4yTJIMBiCTh
TEeCTY JO CTPECOreHHHUX IMOBEIIHKOBUX MAaHIIyJsILiid, a
TAKOX 0 TPaIMLIiMHUX aHKCIOJITHUKIB Ta aHKCIOT€HHUX
npernapariB, BU3HaUMIa BUKOPUCTAHHS XPECTONOAi0HOTO
nigHsgTOro jabipuHTa Tepll 3a Bce SK aaeKBaTHOI Ta
BaJIigHOI MOAEi 1JIs1 BABUEHHSI TPUBOXKHOCTI.

TecTyBaHHSI TBapuH IPOBOIMJIM MICJISI NOCSITHEHHS
HUMU MiBpiyHOro BiKy. Yac mpoBeAeHHS TECTYBaHb: 3
17-i mo 20-i romuuu. IloBemiHKy TBapuH y XpecTo-
MONiOHOMY ITiIHATOMY JIaOipMHTI (hiKCyBaiM 3a HOITO-
Moro BeO-kamepu Logitech misi yHUKHEHHST BIUIMBY
MPUCYTHOCTI eKCIIepUMeHTaTOpa Ha MOBEIiHKY TBapMH.

IToBeniHka 11ypa B JaHOMY TE€CTi MpeACTaBIsIE COOOI0
IHTeTpaibHU pe3yJibTaT TPhOX MOTUBALLI: OPIEHTOBHO-
JTOCTiAHUIIBKOTO pedekcy, HOpKOBOTro pedekcy (ped-
JIEKC TiepeBaru TeMpsiBU) i cTpaxy BHMCOTH. [HTeH-
CUBHICTb KOXXHOI MOTHMBallil BUBHAYAETHCSI KOHKPETHU -
MM YMOBAMU i MOKe 3MiHIOBATUCH TIPM [ii pi3HUX (PpaK-
TOpiB, B TOMY YHUCHi (papMaKOJIOTiUHUX.

Locaioncenns noeedinku uiypie y 4opHo-0inill Kamepi.
PazoM 3 iHIIMMMW METOAMKAMMU MJISI OLIIHKU PiBHSI TPU-
BOXXHOCTi TBapUH BUKOPUCTOBYETHCSI TECT YOPHO-01J101

activity, and anxiety and stress states [32]. It is
considered that extent of suppression of
exploratory activity objectively reflects the anxiety
level. The open field test setting, featuring illumi-
nated open space and novelty of environment, are
moderately eversive being the ones stipulating
some strain in animals manifested through the
blood pressure, heart rate and body temperature
increase [33].

The test is applied to evaluate the spontaneous
motion and research activity in rats. Testing of ani-
mals was carried out after reaching them the age of
six months. Testing time was from 17 to 19 p.m.
Animal behavior in open field was recorded using
the Logitech webcam to avoid effects of experi-
menter’s presence on animal behavior.

Investigation of rat behavior in the elevated cross
maze. Test of elevated cross maze has become par-
ticularly popular among a large number of ade-
quate and highly specific behavioral models avail-
able in modern neurobiology and psychopharma-
cology [34, 35]. Legitimacy of using this model
relies primarily on the fact that as in case of other
test models of congenital behavior (open field,
black-white box) it is based on the motivation bal-
ance of natural anxiogenic stimuli such as open
space, elevation relative to the base surface, and
the novelty of situation both with simultaneous
attempt to explore these unfamiliar conditions.
Extraordinary sensitivity of the test (determined
later by S. File) to stressful behavioral manipula-
tions, as well as to traditional anxiolytics and anx-
iogenic drugs, promoted the use of an elevated
cross-shaped labyrinth above all as an adequate
and valid model for the study of anxiety.

Testing of animals was carried out after reaching
them age of six months. Testing time was from 17
to 19 p.m. The animal behavior in open field was
recorded using the Logitech web camera to avoid
effects of experimenter’s presence on animal
behavior.

Rat behavior in this test is an integral result of
three motivations, namely the orientation-
research reflex, hole exploratory reflex (reflex of
darkness preference), and fear of height. Intensity
of each motivation is determined by the specific
conditions and may vary with effects of various
factors, including pharmacological ones.

Investigation of rat behavior in a black-white
box. Together with other methods a black-white
box test is used to assess the level of animal anx-
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KaMmepu [36]. JlitepatypHi AaHi cBigyaTh NMpO TiCHUIA
B3a€EMO3B’S130K Y 3MiHaX MOKA3HMKIB, OTPUMaHUX 3 BU-
KOPUCTAaHHSIM YOPHO-01101 KaMepu i MiAHSITOro XpecTo-
nomioHoro 1adipuHTY.

PeecTpyBanu Taki MOKa3HWUKW: 4Yac MPOBEACHUI Y
OCBITJIEHOMY Ta 3aTeMHEHOMY BiJcCiKaX, KiJlbKiCTb
BUTJISAAAHDL Yepe3 OTBip y Ieperopoii (1ie € mokas-
HUKOM CHUTYaTMBHOI TPMBOXHOCTI), KiJIbKiCTh BU-
XOJIiB y OCBiTJIeHU Bifcik. HYac TecTyBaHHS CTAHOBUB
3 XB.

IToBeninka mrypa B TaHOMY TECTI SIBJIsIE COOOIO iHTET-
palbHUI pe3yabTaT MOTHUBALlii: OPiEHTOBHO-IOCIiI-
HUUBKOI JiSIIBHOCTI Ta HOPKOBOTro peduekcy (pediekc
rnepeBaru TeMpsiBM), 110 3HAYHOIO MipOI0 Haraaye TecT
OigHSTOr0 XpecTonoAioHOro jJadipuHTy. [HTeHCUBHICTD
KOXHOI MOTHBAIlii BU3HAYAETHCSI KOHKPETHUMU YMOBa-
MU i MOXe 3MiHIOBaTUCH MPU il pi3HUX (PaKTOpiB, B TO-
My 4ucCi (papMaKoJIOTiYHUX.

Locnioxcenus 60460601 yymaugocmi wiypis. JIns mocmin-
JKeHHST OO0JIbOBOI YYTJIMBOCTiI IIYpPiB BUKOPUCTOBYBAIU
TECT BiICMMKYBaHHSI XBocTa. Peduiekc BinCMUKyBaHHS
XBOCTa a00 Tak 3BaHuli «Tail-Flick Test» [37] 6a3yeTbcsl Ha
BUMIpPIOBAHHI JIAaTEHTHOIO IIepioAy peakilii YHUKHEHHS
TepMaJIbHUX TTOAPA3HUKIB y TPU3YHIB. 3a3BUYaii TepMalib-
Hi CTUMYJIM TIPUKJIAJAIOThCS IO XBOCTAa i KOJM TBapuUHA
BimuyBae aucKoMQOpPT, BOHA pearye palTOBHM DPYyXOM
xBocTa. Peaklist BiZCMUKYyBaHHSI XBOCTa TaKUM UYMHOM
BiImOMBae OOJILOBY UYTJIUBICTh TBApUH. PaHiliie OyJio moxka-
3aHO, 0 peakllisl BiACMUKYBaHHS XBOCTa € CIiHAJIbHUM
pedaekcoMm, SIKUii MPOSIBIISIETCS TTiCIs Iepepi3zok abo Xo-
JIONOBOTO OJIOKYBAaHHSI BUILEPO3TALLIOBAHUX [iISTHOK
crmmHHOro Mo3Ky [38]. TlomidoHo mo iHmmMxX pediekciB BiH
TaKOX KOHTPOJTIOETHCS CYMPaCITiHAIBHUMU CTPYKTYPaMHU.

TBapuH BMilllyBaJIu y MPO30pUIA TJIACTUKOBUI OOKC,
TiCJISI YOTO 3aCTOCOBYBAIM TepMaJIbHY pafiaiito ((poKy-
COBaHE CBITJI0) Ha JiJAHIII XBOcTa OJu3bKO 1-2 cM Bif
KOpEHSI XBOCTa, 110 MPOBOKYBAJIO Pi3KWUI pyX XBOCTA.
JlaTeHTHUMIT mepion LBOIY PyXy XBOCTa B CEKyHIax
BUMipIOBaJM 3 BUKOPUCTAHHSIM aHaJbre3ioMeTpy
(Panlab, LE 7106 Light Beam Analgesy-Meter; 3a BcTa-
HOBJIEHOI1 iH(pauyepBOHOI iHTEHCUBHOCTI 50), BiH BU3-
HayaBcs JIeKiJbKa pa3iB MOCIIb 32 OJHY CIPOOY.

Llocaioxcenus nosedinkoeux peakuyiit meaput 3a 0onomo-
2010 408HUKO08UX Kamep. B HaIlIMX TOCTiIKEHHSIX BUKOPYC-
TOBYBajlacsl YOBHMKOBA Kamepa, 110 Mepeadadyaia MOX-
JINBICTh BUKOPHUCTAHHS OMHOI'O 0€3yMOBHOTO ITOIpa3HUKA
(eleKTpUYHMI CTPYM, IO IMMOAAETHCS HA TPAaTYaACTy ITiII0-
I'y) i ABOX YMOBHUX (€JIeKTpojiaMria, TyYdHOMOBELIb).

Lle mayo 3Mory 3acTocyBaTu, po3po0JeHy HaMU METO-
IUKY 3 BUKOPUCTAHHSIM OTHOIO 3 IIMX IMOAPA3HUKIB SIK
OCHOBHOTO, a IPYroro — SIK I0AAaTKOBOTO, 1110 iX TBapu-

iety [36]. Literary data indicate a close link in
changes of parameters registered with the use of
a black-white box and of an elevated cross-
shaped labyrinth.

Such parameters as the time spent in illuminated
and darkened compartments, number of views
through the hole in the septum (i.e. an indicator of
situational anxiety), and number of exits in the
illuminated compartment were recorded. The test
time was 3 minutes.

Behavior of a rat in this test is an integral result
of motivations, i.e. the orientation-research activ-
ity and hole exploratory reflex (reflex of darkness
preference), which is largely like in the elevated
cross maze test. Intensity of each motivation is
determined by the specific conditions and may
vary with effects of various factors, including phar-
macological ones.

Investigation of pain sensitivity in rats. To test
the pain sensitivity in rats the so-called 7ail-
Flick Test was conducted [37]. The mentioned
research approach is based on measuring the
latent reaction time of thermal stimuli avoiding
in rodents. Typically the thermal stimuli are
applied to a tail and when the animal experiences
a discomfort it responds with sudden movement
of its tail. The tail-flick reaction thus reflects the
animal pain sensitivity. The tail-flick reaction
was shown being a spinal reflex evident after
mechanical cutting or cold blocking of the
upstream spinal cord areas [38]. Alike other
reflexes it is also under control from the supra-
spinal structures.

The animals were placed in a transparent plastic
box, and then a thermal radiation (i.e. focused
light) was applied to the tail area about 1-2 cm
from the root of the tail, which provoked the sharp
tail movement. Latent period in seconds of this tail
motion was measured using an analgeysiometer
(Panlab, LE 7106 Light Beam Analgesy-Meter, at
a set infrared intensity of 50). It was determined
several times in a row in one attempt.

Investigation of animal behavioral reactions using
a shuttle box. In our studies, a shuttle box was used,
providing the possibility to use one unconditioned
stimulus (electric current applied to the grid floor)
and two conditioned stimuli (light, sound from a
loudspeaker).

As a result we could apply our innovative tech-
nique using one of these stimuli as a main one, and
the second — as an additional one, that the animal
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EXPERIMENTAL

RESEARCH

Ha Mae BimmudepeHIililoBaTH, pearyloyd Ha HUX IIO-
pi3HOMY.

ITocainoBHICTD i YacTOTa BUHUKHEHHSI OCHOBHOTO Ta
JOJATKOBOTO TOJAPa3HUKIiB OyJIM paHI0Mi30BaHi, 1110 T1e-
peadavasiocs BiIMOBIAHOIO KOMIT IOTEPHOIO MPOTPaMOIO
3a IOTMOMOTOIO0 SKOIO 3/IilICHIOBAJIOCS KepYyBaHHS €KCITe-
PUMEHTOM i peecTpallisi MIOBeNiHKM TBapuH. 3 yciei 3ama-
HOI KiJIbKOCTi crpo® (oJHe TecTyBaHHS Tepeadayano
100 cnpo6-UMKIIiB) KOXHUI 3 MOAPA3ZHUKIB BMMKABCS
npuOJU3HO y TMOJIOBMHI BUMAAKiB. TeCcTyBaHHS TBapuH
Ticyist oTpoMiHeHHS TTpoBoAuin 10 pasiB, ITOTIXKHS.

3a I0MOMOro0 IbOro0 METOAY MOCIiIKyBaaud BUPOO-
JICHHSI YMOBHUX pedIeKCiB aKTUBHOTO YHUKAHHS yIapy
€JICKTPUIYHUM CTPYMOM.

BuszHauanu i aHani3yBajin TaKi MOKa3HUKMU:
> JIJAaTeHTHU TIepio yMOBHOI peakliii (4ac Bim rmovyaTky
Iii YMOBHOTO MOIpa3HUKa 10 TepeMilllcHHsI TBAapUHU Y
6e3neynuii Bincik) (Lt);
> 3arajibHy KiJIbKiCTb YMOBHUX pedJeKCiB aKTMBHOTO
yHukaHHs (CR);
> KiJIbKiCTh CIIPOO J0 MOSIBU MEPIIOT0 YMOBHOTO ped-
JIEKCY;
> CepedHIO KiTbKiCTb YMOBHUX pedeKCiB y iX cepisx
(110 MOyTh ONWH 32 ONHUM);
> KiJIbKIiCTb MiXXcurHajibHuX peakiuiii (IR).

Yei i moka3zHMKM JaBajld IOCTAaTHE YSIBJCHHSI MpPO
CcTaH YMOBHOpe(dIEeKTOpHOI TOBENiHKM TBapWH
(3maTHicT, TBapuMH OO0 HaBYaHHS, HOro IMHAMIKY,
CTJIICTh HAOYTHUX peakliliii, IIBUAKICTh BUPOOJEHHS
YMOBHUX pedJIeKCiB).

TecTyBaHHS TBapMH Y YOBHUKOBUX KaMepax OB’ SI3aHO
3i 3HAUHUM eMOLiITHO-00ILOBUM HaBaHTaXXEHHSIM (T1e-
pionnyHa Tofaya CTpyMy, OUiKyBaHHS yAapy CTPYMOM i
HaMaraHHsi yHUKHYTH iioro). ToMy BCix TBapuH (y TOMY
YUCITi i 3 KOHTPOJIBHOI TPYIHN) CJTif, pO3TJIsSInaT SIK TaKNX,
1110 3a3HAIOTh BIUIMBY €MOIIiliHO-00JILOBOIO CTPECY.

CraTucTHYHMIA aHAJI3 eKCTIePUMEHTATbHUX J0CTiIKEeHb

J1s1 BCTaHOBJIGHHSI CTaTUCTUYHOI 3HAUYLIOCTi 3MiH MO-
Ka3HUKiB MOBEAiHKU TBApUH BUKOPHCTOBYBAJIU SIK HE-
napaMeTpuyHi, Tak i mapameTpudHi Metoau [39]. Oc-
TaHHiI 3acTOCOBYBaJMCSI MiCJAsl aHajidy pO3MOAiNy
BapiaHT Ta BUSIBJIEHHSI HOPMAaJILHOIO iX PO3IOIiJIEHHSI.
s ycix 3aCTOCOBAHMX CTAaTUCTUYHUX METOIiB PiBeHb
3HAYYIIOCTI (MMOBiIpHICTh MOMMJIKOBOTO BiIXWUJIEHHS
HYJILOBOI TiroTe3u) OyB He OinbinM 5 %. JlaHi ornmucoBoi
CTaTUCTUKU BUOIPOK HaBEIEHi Y BUMAJKy HEHOPMaJbHO
PO3IOIIICHUX BapiaHT MPeACTaBIeHi Y BUIISIAI MediaHa
[inTepkBapTribHMii po3max] (Me[25%;75%]), a HOp-
MaJIbHO PO3MOIIJICHUX — Y BULJISIAL: CepeaHsl 3HAUCHHS
+ mommika cepenHboro (MzEm). it BcTaHOBIIEHHS

should differentiate responding to them in differ-
ent ways.

Sequence and frequency of occurrence of the
main and additional stimuli were randomized by
means of appropriate computer program, which
was used to control the experiment and register
the animal behavior. Within total number of
attempts (100 trials per one test) each stimulus
was activated in about a half of the cases. Animal
testing after irradiation was performed 10 times
weekly.

With this method the development of condi-
tioned reflexes for active avoidance of electric
shock was investigated.

Ircp parameters were defined and analyzed:
> latent period of the conditioned response (time
from the beginning of conditional stimulus to
moving the animal into a safe compartment) (Lt);
> total number of conditioned reflexes of active
avoidance (CR);
> number of attempts to emerge of the first con-
ditioned reflex;
> average number of conditioned reflexes in their
series (going one after other);
> number of inter-signal reactions (IR).

All these parameters provided a sufficient insight
into the pattern of conditioned reflex behavior of
animals (the ability of animals to study, its time
course, stability of acquired responses, rate of
development of conditioned reflexes).

Testing the animals in shuttle boxes is associated
with a significant emotional and pain load (period-
ic current supply, waiting for shock, and attempts
to avoid it). All animals therefore (including ones
in the control group) should be considered as
being exposed to emotional-pain stress.

Statistical analysis of experimental research

To establish the statistical significance of changes
in animal behavior both non-parametric and para-
metric methods were used [39]. The latter was
applied upon analysis of distribution of variance
and detection of their normal distribution. For all
applied statistical methods the significance level
(i.e. probability of a false deviation of the null
hypothesis) was less than 5%. Data of descriptive
statistics of samples is given in case of an abnor-
mally distributed variances presented as a median
[interquartile range] (Me [25%; 75%]), and nor-
mally distributed in the form of a mean value +
mean error (M = m). To establish the significance
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3HAYYIIOCTi Pi3HUL MiX BUOipKaMy BUKOPHUCTOBYBAIU
KpUTEpii 111 ABOX He3adeKHUX rpyIl. s HeHOpMalbHO
pO3MNOAiIEHUX BapiaHT 3aCTOCOBYBaBCsl KpuTepii MaH-
Ha-YiTHi. [TopiBHSIHHSI HOPMAaJIbHO PO3MOIIIEHUX Ja-
HUX TIPOBOAWIIM 3a t-KpuTepieM CThlofeHTa. PizHUIIO
BBaXalM CTAaTUCTUYHO 3HAUYYIIOIO, SKINO pPiBeHb
BiporigHocTi BimnosigaB 3HaueHHIO p < 0,05. ITonepen-
HIO 00pOOKY oJep:KaHUX JaHUX, oPopMIIeHHS rpadid-
HUX UTIOCTpallil 3AiiCHIOBaJIM 3a JOIOMOIOI0 KOM-
m’roTepHoi mporpamu Microsoft Excel 2007, momaibimit
CTaTUCTUYHUM aHaji3 IPOBOIWIM 3 BUKOPHMCTAHHSIM
KOMIT 10TepHoi mporpamMu Statistica 12.0.

Ipynu o0cTexeHHs1 Ta METOIU HEHPONCUXIATPUIHOTO
JIOCJT/KEHHSI PEHATAIbHO ONPOMiHEHUX 0Ci0
PagioneiipoemOpiosoriuHi 3aKOHOMIpPHOCTI y JIIOAWHU.
Hap3BuyaiiHa CKJTagHICTh CTPYKTYPHO-(hYHKIIIOHATb-
HOI OpraHizalii roJOBHOIO MO3KY JIOIUHU 3YMOBIIIOE i
BUKJIIOUHO CKJIAIHUI IIPoOLIeC LiepeOpabHOTO PO3BUTKY
i, B CBOIO Uepry — Bpa3JIMBICTb A0 YMCICHHUX TOMUJIOK,
SIKi MOXKYTb MIPOSIBUTHCS Y MOJATIBIIOMY KUTTIi Y BUTJISIAI
HEWPOICUXiaTPUYHUX PO3JaAiB. PO3BUTOK TOJIOBHOTO
MO3KY JIOJAMHU NPOXOAUTh Yepe3 cepil erariB, 110 IMe-
peKpuUBaIOThCS B Yaci, sIki HaBeneHi Ha puc. 1 [40].
AnoHchKi 1 amMepuKaHCBHKiI paaioHeipoeMOpiosoru
JOTPUMYIOTHCS YOTUPHUETAITHOI CXeMU Iepioausaliii
MpeHaTaJIbHOTO PO3BUTKY TOJOBHOTO MO3KY |1, 2].
Etanu nepebporeHe3dy i MOXIMBI e(eKTu OIl-
POMIHEHHS in utero MiJ yac HUX IPe3eHTOBaHi y Tab-

of differences between samples the criteria were
used for two independent groups. The Mann-
Whitney test was used for abnormally distributed
variances. Comparison of normally distributed
data was performed according to the Student’s t-
test. Difference was considered statistically signif-
icant if probability level corresponded to the value
of p <0.05. Preliminary processing of the obtained
data and drawing of graphic illustrations was car-
ried out using the computer program Microsoft
Excel 2007, further statistical analysis was carried
out using the computer program Statistica 12.0.

Study groups and methods of neuropsychiatric
examination of prenatally exposed persons
Neuroradioembryological regularities and patterns
in human. Extraordinary complexity of structural
and functional organization of human brain pre-
determines the extremely complex process of cere-
bral development and, in turn, vulnerability to a
lot of errors that can manifest in later life as neu-
ropsychiatric disorders. Development of human
brain passes through a series of overlapping stages,
which are shown in Fig. 1 [40].

The Japanese and American neuroradioembry-
ologists recognize and follow the four-stage peri-
odization of prenatal brain development [1, 2].

Stages of cerebrogenesis and possible effects of
exposure to ionizing radiation in utero during the

i 2. respective time periods are shown in Table 2.
MpeHaTanbHUK eTan MocTHaTanbHUM eTan
Prenatal stage Postnatal stage

TwxHi: Micau;: Poku:
Weeks 0 6 12 18 24 30 40 Months: 6 12 18 24 30 36 Years: 4 8 12 24

nosea knitux / cell appearance

T PP >

mirpauis / migration .
aKcoHn i genpputyn / axons and dendrites e

nporpamosaHa KnituHHa 3arubens / programmed cellular death

topmysaHHs cuHancis / synapse formation

mieninizauis / myelinization

enimiHalis cuHancis / synapse elimination

Y
\J

——> OinbLicTsb HevipoHie / majority of neurons

> MEHLUICTb HEHPOHIB, NEPEBaXHO y Kopi rosoBHoro Mo3ky / minority of neurons mainly in the cerebral cortex

PucyHoOK 1. OcHoBHi eTanu po3BMTKY roJIoBHOro MO3Ky nioauHu (apantoBaHo 3 [40]).

Figure 1. Key stages of human brain development (adapted from [40]).
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BusHayeHHs BHYTPilIHLOYTPOOHOTO BiKYy Ha MOMEHT
YopHoOMuabCchbKOi KaTtacTpodu. OmaHUM 3 HalBax-
JIUBILIKX (aKTOPIB, SIKi BU3HAYAIOTh IPUPOAY IpeHa-
TaJIbHOT'O MOIIKOJXEHHSI I'OJIOBHOTO MO3KY, € TIec-
TallifHW BiK. ICHYe psio MOXJIMBMX MOMWMJIOK B HMOTO
BU3HAYEHHi HA MOMEHT MeBHOI Moii (orpoMiHeHHs) [1]
J1s1 yHUKHEHHSI LIUX HEBU3HAUE€HOCTEe 0a3yloThcsl Ha
JlaTi HAPOKEHHSI IUTUHU i BAKOPUCTOBYIOTh a/1aliTOBa-
Hy (opmyny (1), sIKy 3aCTOCOBYBaJIM JISI OLIHKM Tec-
TalifiHOro BiKy Ha 4yac aTOMHUX OoMOapayBaHb
Xipocimu i Haracaxi:

i BaritrocTi (Y) = 280 - (nata HaposxeHHs — 26.041986), (1)

Jie BiTOMOCTIi MPO JeHb HAPOJKEHHSI OTPUMYBAIM 3 J0-
KyMEeHTaIlii ITiI yac iHTepB'I0 MaTepi, a CepeaHIO TPU-
BaJIiCTh BariTHOCTI mpuiiManu 3a 280 nHiB.

TecraniitHi TwxKHI Ticas (epTumizanii Ha yac aBapii
po3paxoByBajiu 3a ¢hopmyJoro (2):

lectauiiini TuxHi (G) = (Y - 14 gHiB) / 7 fHis, 2)

ne G npuiimanu 3a 0, gkio G < 0.

Jlo3umeTpudHuUil CYIPOBIA 1OCTiIZKEHb
BukopucraHna ouiHka 103 BHYTPillIHHOTO OMIPOMiHEHHS
eMOpioHy i Moy Ta eKBiBaJEHTHUX A03 OMPOMiHEHHS
TFOJIOBHOI'O MO3KY Ta IIMTOINOAIOHOI 3aJ103U in utero Oy-
JTa BUKoHaHa Ha mincTaBi Ilyomikamii 88 MKP3 [41],
3TiIHO 3 IKOIO 03U ONPOMiHEHHS IIMTOMOAIOHOI 3aJ10-
3U in utero 3pOCTalOTh MPOIMOPLINHO J0 Mepioay recrauii
BiMTOBiAHO 10 30i/IbIIEHHST MAaCcU LIMTOIMOAIOHOI 3a71031
Ta aKTUBaLlii 1l MeTaboJIi3MYy.

Jo3umeTprnyHa XapaKTepruCcTHKa 00CTeXXKeHUX HaBeeHa
B Tab1. 3, 3 IKOi BUAHO, 1110 1031 OITPOMiHEHHS eMOPiOHY
i IOy Ta €KBiBaJICHTHi J03M OMPOMiHEHHSI TOJOBHOIO
MO3KY 1 IIUTOMOAIOHOI 3a/103U in Uutero B OCHOBHIH rpymi
3HAYHO BUIL, HiX y rpyti mopiBHsHHSA. [TpruomMy peBisist
03 Ha IIUMTONOAIOHY 3ajlo3y BUSBUJA OUIbII HiX
noJBifiHE 3MEHILIEHHS 103 Y MOPiBHSIHHI 3 MOonepeaHiMu
OLIIHKAMM, IO TiABUIIYE PU3UKH PATiONOTiTHNX e(DeKTiB

Bepudikanuisi peKoHCTpyiloBaHUX paHillle 103 TpeHa-
TaJIbHOTO OMPOMiHEHHSI BHAcHimoK YOopHOOMIbCHKOI
KatacTpodu TPUBAE.

Ipymm mocimKkeHHs

Y 2015-2016 pp. 3a yHihikoBaHUM MPOTOKOJIOM OYJIO
obcrexeHo 182 ocobu, siki Oyau po3nodisieHi Ha TPy
TakuM 9ynHOM. OcHOBHA rpymna («eKCIIOHOBaHi») — TIpe-
HaTaJbHO OIpoMiHeHi ocoou (n = 104), HapomxeHi 26
KBiTHA 1986 p. — 26 mororo 1987 p. Ha TepuUTOpPIsAX
panioakTUBHOro 3a0pyaHeHHs (BKiao4daloud YopHo-
OMJILCBKY 30HY Bimuy:keHHs). [pyna mopiBHSIHHS («He-

Definition of fetal age at the time of the
Chornobyl catastrophe. Gestational age is one of
the most important factors that determine nature
of prenatal damage to the brain. There are several
possible errors in its definition at the time of a par-
ticular event (i.e. irradiation) [1]. To avoid these
uncertainties the calculations are based on birth
date of the child with application of adapted for-
mula (1). The last one was used to estimate the
gestational age at the time of the atomic bombing
of Hiroshima and Nagasaki:

Pregnancy days (Y) = 280 - (birth date — April 26, 1986) (1)

where data on birth day were received from docu-
mentation during mother's interview. Average
pregnancy duration was considered as 280 days.

Gestation weeks upon conception at the time of
the accident were calculated by equation (2):

Gestation weeks (G) = (Y - 14 days) / 7 days, (2)

where G was considered as 0 if G<0.

Dosimetric support of the study

Assessment of doses of internal irradiation of the
embryo and fetus and equivalent doses of brain and
thyroid gland in utero was performed on the basis
of ICRP Publication 88 [41], according to which
the doses on thyroid gland in utero increase in pro-
portion to gestation period in accordance with the
increase in the mass of thyroid and activating its
metabolism.

Dosimetric characteristic of the study subjects is
given in Table 3. The Table shows embryonic and
fetal effective doses, equivalent doses to the brain
and absorbed thyroid doses are significantly higher
in the main group vs. the comparison group.
Moreover, average thyroid dose is less than half com-
pared with previous assessment. It should increase
the risk estimates of radiation-induced effects.

Verification of previously reconstructed doses of
prenatal exposure due to the Chornobyl catastro-
phe is going on.

Study groups

Study of the subjects (n=182) according to unified
protocol was conducted in 2015—2016. Main study
group (named as «exposed») included persons irra-
diated in prenatal period (n=104) been born since
April 26, 1986 till February 26, 1987 across the ter-
ritories of radioactive contamination (including the
Chornobyl exclusion zone). Comparison group
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Dlo3u onpomiHeHHA eM6pioHy i niofay Ta eKBiBaNeHTHi 403U ONPOMiHEHHA TONIOBHOrO MO3KY i WMUTONOAIGHOT

3anosum in utero
Table 3

Radiation doses to the embryo and fetus and equivalent doses to the brain and thyroid in utero

Hosa MapameTtp OnpowmiueHi in utero lpyna nopiBHAHHS

Dose Parameter Exposed in utero t p Comparison group
(n=104) (n=78)

[lo3a onpomiHeHHs emBpioHy i nnogy, M3B M+ SD 59,47 + 25,30 8,25 < 0,001 1,23 £ 0,05

Radiation dose to the embryo and fetus, mSv JianasoH / range (16,95-120,52) (1,15-1,29)

ExgiBaneHTHa 403a ONPOMIHEHHS FOIOBHOrO MO3KY M £ SD 17,06£7,07 8,25  <0,001 0,80 + 0,03

in utero, m3B JianasoH / range (0,001-40,20) (0,75-0,84)

Equivalent radiation doses to the brain in utero, mSv

ExBiBaneHTHa 1032 ONPOMIHEHHS LWMTONOAIOHOI 3an1031 M+ SD 685,13 + 548,83 4,25 < 0,001 34,00 = 26,80

in utero, M3 JianasoH / range (0—1846,29) (0,03-69,14)

Equivalent thyroid radiation dose in utero, mSv

M = SD
[niana3oH / range

ExgiBaneHTHa 403a ONPOMIHEHHS LWMTONOAIOHOI 3aNn03u
in utero, M3B (pegisisi)
Equivalent thyroid radiation dose in utero, mGy (revised)

297,45 + 221,46
(0-757,7)

€KCITOHOBaHi») — 0COOM TaKOTO X BiKy 3 BilMOBiTHUMM
coliaJbHO-AeMorpaiuHMMM XapaKTepUCTUKAMMU, SIKi
He OyJIM onmpoOMiHeHi in utero BHacigoK YopHOOMIbCh-
Koi katactpodu (n = 78). [lepebir BariTHOCTI iXHIX Ma-
TepiB BinOyBaBcs y palioaKTUBHO «UMCTUX» peTioHax i B
30HI MOCUJIEHOTO pPaaioeKOJOTiYHOTO KOHTpOIIO (4-i
30Hi, «BHYTPIlLLIHIi KOHTPOJIb»).

Ha MoMeHT mociIKeHHS BiK LMX OCi0 CTaHOBUB
28—30 poxkiB («MOJIOIi JOPOCTTi»).

B ocHoBHiii rpy1i 6y10 54 (52 %) yonoBsikis i 50 (48 %)
KIHOK, Yy Ipymi nopiBHsIHHS — 34 (44 %) 4onoBiKiB i 44
(56 %) xiHok, (t =0,3; p=1,0). Cepenniii Bik (M = SD)
0ci0 Ha MOMEHT JOCTiIKEeHHS B OCHOBHI# IpyIli cTaHO-
BuB (28,8 £ 1,7) poky, B Ipymi MopiBHIHHS — (28,9 =+
1,6) poky (t =-0,2; p=10,8).

TakyM 4MHOM, Ipynu OOCTEXKEHUX HE Majiid CTaTUC-
TUYHO JOCTOBIPHMX BiIMiHHOCTE! 3a BiKOM, TeHIASPHUM
CKJIaJIOM, OCBITHIM piBHEM Ta iHIIMMU TpaguLliiiHUMU
couiajibHO-geMorpaiyHMMU TIOKa3HUKaMU. baTbkiB
(31e0inpImoro — MaTepiB) 0OCTEXKEHNX 0Ci0 TaKOXK TOITY-
YaJIu 10 TOCTiIKeHHS 1711 BUSBICHHS TpaIULiMHUX (haK-
TOPiB PU3UKY HEUPOIICUXiaTPUIHOI ITaTOJIOTii i 3alTOBHEH-
HS1 JO3UMETPUYHUX aHKET U151 MOJAIbIIO1 PEKOHCTPYKILIii
JI030BMX HaBaHTaxKe€Hb OMPOMiHEHMX in utero ocio.

MeToau 10CHiKEHHS

HiarHOCTMKY PO3JIafiB MCUXiKM i MOBEAIHKMA Ta 3aXBO-
pIOBaHb HEPBOBOI CUCTEMH 3IiMCHIOBAIM 3a AiarHOC-
TUYHUMU pyopukamu i kateropismu MKX-10. [1ns Be-
pudikalii AiarHO3iB BUKOPUCTOBYBaJIN HEHPO- i ICUXO-
METPUYHi, HEHPONCHUXOJOriuHi Ta HelpodizionoriuyHi
METOAN AOCiIXKEHD.

(named as «unexposed») was represented by sub-
jects (n=78) of the same age with respective social
and demographic features been unexposed in utero
after the Chornobyl catastrophe. Their mothers
gestated pregnancies across the radiologically
«clean» regions and in the zone of intensive radioe-
cological control (zone 4, the «internal control»).

Those persons were 28—30 years old («young
adults») at the time of study.

There were 54 (52 %) males and 50 (48 %) females
in the main study group, and 34 (44 %) males and 44
(56 %) females in comparison group (t = 0.3; p=1.0).
Average age (M * SD) in the study was (28.8 = 1.7)
years in the main study group, and (28.9 % 1.6) years
in comparisin group (t = -0.2; p = 0.8).

Thus, the surveyed groups had no statistically
significant differences in age, gender, educational
level or other traditional socio-demographic fea-
tures. Parents (mostly — mothers) of examined
individuals were also involved in the study to iden-
tify any traditional risk factors for neuropsychiatric
disorders and to complete the dosimetric ques-
tionnaires for a further exposure dose reconstruc-
tion in subjects irradiated in utero.

Study methods

Diagnostics of mental and behavioral disorders
and diseases of nervous system was carried out
according to diagnostic sections and categories of
the ICD-10. Neurometric and psychometric, neu-
ropsychological and neurophysiological research
methods were used to verify the diagnoses.
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BignosigHo 10 3aga4 HayKOBO-AOCiAHOI pOOOTH PO3-
pOOMIIM €IMHMIA MPOTOKOJ YHiI(DiKOBAHOI AiarHOCTUKU
HEPBOBO-TICUXIYHUX PO3JIaIiB JJIs (piKcallil pe3yIbTaTiB
00CTEXXEeHHSI, a TAKOXK PO3POOMIN CTPYKTYPY i 3aTIOBHU-
J1 6a3y JaHuX y (popMaTax eaeKTpoHHUX Tabauub Excel
Ha BCiX 00CTeXeHUX 0cCib.

KuiniyHe HeBpoJjoriyHe i ncuxiaTpuuHe JOCIIiIXKEHHS
OpOBOAWJIM Ha IIiJCTaBi TUMOBUX HEBPOJOTIYHUX OT-
JISIAIB i TCUXiaTpUYHUX IHTEPB’I0 i3 3aCTOCYBaHHSM
CTaHIAPTHUX AiaTrHOCTUYHUX IIIKAT:

a) po3mmpeHa mKana HemiedgatHocTi, EDSS ta mkana
¢ynkuionyBanHs 3a Kypriike, KFS [42];

0) KopoTka mcuxiaTpuyHa ouiHoyHa Iukana (Brief
Psychiatric Rating Scale, BPRS) nng ynidikoBaHo1
KUIbKICHOI OLIIHKM IICHUXOIATOJOTiYHUX CUMITOMIB i
TICUXOIaToOTii 3arajmoMm [43].

71 OLLIHKM CTPYKTYpU TICUXOIATOJIOTIYHOTO CUHIPO-
MY, NE€BHUMX TICUXiYHMX PO3JadiB, MCUXiYHUX (DYHKIIIMH,
0COOMCTOCTI Ta iHTEJEKTY BUKOPUCTOBYBAJIU TaKi ICU-
XOJIiarHOCTUYHI OMUTYBAJIbHUKU i TECTHU:

a) ONMUTYBAJIbHUK 3arajibHoro 310poB’s (General Health
Questionnaire, GHQ-28) ns BUBYEHHSI coMaTO(hOpM-
HUX CHMIITOMIiB, TPMBOI'M/0€3COHHS, COLiaJbHOI AUC-
¢yHKIIiT i TKKOI nenpecii [44, 45];
0) mKaja caMoolliHku aenpecii 3yHra (Zung Self-Rating
Depression Scale, SDS) n1s1 BUsHa4eHHSI HEMaCKOBaHO1
nenpecii [46];
B) TeCcT ayauTOpHO-BepOanmbHOro HaBuaHHS Pesa (Rey
Auditory Verbal Learning Test, RAVLI) g owuiHku
MHECTUYHUX (YHKIii# — BepOaIbHOrO HaBYaHHS i
naM’gTi, BKJIIOYAIOYH iHTIOIIIiI0, peTeHIIi0, KOOYBAaHHS i
BUJTYyJYEHHSI CIyXOMOBHOI iH¢opmMmaliii [47, 48];
€) OMUTYBaJIbHUKY AJ1s1 olliHky PTSD: mikana BruBy no-
niit [oposina (Impact of Events Scale, 1ES) i kitiHiuHa 1ka-
JIa JIJ1s1 CAMOOLIIHKM APaTIUBOCTI «/IpaT/IMBICTh, IeMpecis,
tpuBora» (Irritability, Depression, Anxiety, IDA), Ky Bu-
KOPMCTOBYBAJIH JUT OLIIHKY 30y/KeHHs Y 3B’513Ky 3 PTSD.
st BU3HauyeHHs1 KoedilieHTa iHtenekty (IQ) Buko-
pucTtoByBalu 1IKany iHTenaekty gopocnux . Bekciepa
(Wechsler Adult Intelligence Scale, WAIS), agantoBany
B 1995 p. AIl «Imaton» [49, 50]. HeiipodizionoriuHi
JMOCJiI>KeHHSI MPOBOAMIIM ISl OLUIHKM IisIIbHOCTI TO-
JIOBHOTO MO3KY y CTaHi CIIOKOIO Ta B Mpoleci 00poOKu
ceHcopHoi iH¢opMartii. Lli mocinkeHHs BUKOHYBaJIU B
ka6ineti EEI Binainy pamiauiitHoi ncuxoHeBpoJorii IKP
HHIIPM y nepiiiii MoJIOBKMHI IHS B CTaHi MaCUBHOTO
HEeCHaHHS NalieHTa.

Peectpauiio EEI BukonyBaiau 3a nonomororo 16-ka-
HaJlbHOro ananizatopa DX-4000 (XapkiB, YkpaiHa).
EEI' 3anucyBaauM MOHOMOJISIPHO BiAMNOBiAHO 10
MixnapoaHoi cucremu «10—20», KOHCTAHTY dYacy

In accordance with the tasks of research work a
single protocol for the unified diagnosis of neu-
ropsychic disorders was developed to fix the results
of survey, as well as the database structure in Excel
spreadsheet formats was developed completed for
all surveyed subjects.

Clinical neurological and psychiatric studies
were performed on the basis of typical neurological
examinations and psychiatric interviews using
standard diagnostic scales:

a) Expanded Disability Status Scale (EDSS) and
Kurtzke Functional System (KFS) [42];

b) Brief Psychiatric Rating Scale (BPRS) for uni-
fied quantification of psychopathological symp-
toms and psychopathology as a whole in study sub-
jects [43].

The following psychodiagnostic questionnaires and
tests were used to assess the structure of psychopatho-
logical syndrome, certain psychiatric disorders, men-
tal functions, personality and intelligence:

a) General Health Questionnaire (GHQ-28) to
study the somatoform symptoms, anxiety/insom-
nia, social dysfunction and severe depression [44,
45];

b) Zung Self-Rating Depression Scale (SDS)
to detect an unmasked depression in study sub-
jects [46];

¢) Rey Auditory Verbal Learning Test (RAVLT) to
assay the mnestic functions i.e. verbal learning
and memory, including inhibition, retention,
coding and extraction of oral-aural information
[47, 48];

d) questionnaires to estimate the PTSD, namely
the Gorovitz Impact of Events Scale (IES) and
Clinical scale for self-assessment of irritability —
Irritability, Depression, Anxiety (IDA) applied to
estimate the agitation related to PTSD.

Wechsler’s Adult Intelligence Scale (WAIS),
adapted in 1995 by the State Enterprise «Imaton»
[49, 50], was used to determine the intelligence
quotient (IQ). Neurophysiological studies were
conducted to assess the brain activity in state of
rest and in processing of sensory information.
These studies were performed in the EEG office of
Radiation Neurology Department of the NRCRM
IKR before noon in a state of passive wakefulness
of the patient.

The EEG registration was done using a 16-chan-
nel DX-4000 analyzer (Kharkiv, Ukraine). Each
time the EEG were recorded in monopolar mode
according to the International System «10—20»,
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BctaHoBioBanu Ha 0,3, ¢inetpu — 75 Tu. EET
peectpyBaiu y 1) cTaHi MAaCMBHOIO HECITAHHS 3 3aILII0-
MIEHUMHX Oo4YMMa TIpoTaroM | XB; 2) cTaHi ITacMBHOTO
HeCITaHH{ 3 pO3MIIIIeHUMHN ounmMa npotsarom 30 c; 3)
TiIMEepPBEHTWIALIT MpPU 3aIUTIOIIEHUX OoYaxX IMPOTITroM 3
XB; 4) CTaHi MAaCUBHOTO HECHAHHS MiCJs TillepBEeHTU-
JIAMIT 3 3aTUTIONEHUMI ounMa TIpoTsirom 1 xB. OLiHKY i
iHTepIIpeTallilo 0a3yBajiM Ha KJTACUYHUX MiApyIHUKAX i
atnacax 3 EET [51-55].

3aificHIOBaIM Bi3yalbHMI 1 CIEKTpaJbHMIA aHasi3
EET. Emnoxa criekrpaibHOro aHaiizy craHoBuia 60 c,
yactoTHu# miamazon — 1—32 Ii1. I3 ycix EET'-3anuciB 1o
MPOBEACHHS aHaTi3y BUAAISIN apTedakTHi (hparMeHTH.
CrnexTpaJlbHUI aHalli3 BUKOHYBAJIM i3 3aCTOCYBAaHHSM
3araJJbHOIIPUIHSTOIO METOLY IIBUIKOIO IIEPETBOPEHHS
®yp’e (Fast Fourier Transformation, FFT). OtpumyBa-
JIN MIOKa3HUKU aOCOJIIOTHOI CIEKTPaIbHOI MOTYKHOCTI
(MkB? - Tir'!) i mominyrouoi wactoru (Iif) misg ycboro
miama3zoHy yacTtoT (1—32 Ii1), a TaKOoX TOMiHYI0O9Y YaCcTO-
Ty, a0COJTIOTHY i BifHOCHY (y % 10 YChOTO CIIEKTPAIbHO-
TO CKJIaly) CHeKTpajibHy MOTYKHICTh IO OCHOBHHUX Yac-
TOTHUX Jiama3oHax: 6 (1—4 Iir), 6 (>4—7 ), o0 (>7—12
Tir) i B (>12—32 Ii1). AHastizyBaJiv YMCIIOBI TIOKA3HUKH i
KapTu Tomorpa@iyHoOro po3MOAily CHEeKTPalbHOI IO0-
TY>XHOCTi ocHOBHUX fiana3oHiB EEI" mo ckaiby.

CraTucTHIHMIA aHATI3
Enextponni tabnuni Excel (MS Windows) Oyau BUKO-
PpUCTaHi SIK CTPYKTypa 0a3 JHaHUX I HaKOIIMYyBaHHS,
30epiraHHs Ta aHaxizy iH@opmauii. CTaTUCTUYHUNI
aHaJli3 IPOBEJCHO Y CTAHIAPTHUX CTAaTUCTUYHMX MaKeTax
Statistica 10.0 for Windows ta SPSS 16.0 3a normomMoroio
rapaMeTpUYHUX Ta HellapaMeTPUIHUX KpuTepii [56, 57].
ITepBuHHY O0OpOOKY YCiX olepxXKaHUX JTaHUX, 0(pOopM-
JIeHHsI rpadiyHuUX UIIOCTpaLiid 30iiiCHIOBAIM 32 TOTIOMO-
roro einekTpoHux tabauub Microsoft Excel 2010 ta cra-
tuctuuHoi nporpamu STATISTICA 10.0. TTopiBHSIHHS
OTPMMAaHMX OLIIHOK CEepeaHiX 3HaYeHb IIPOBOIMIN 3a
t-xputepiem CrelogeHTa Ta F-kputepiem @imepa. Bu-
KOPUCTOBYBaJIM MapaMeTpPUUHi i HermapaMeTpU4Hi Kpu-
Tepii, METOIU AUCTEePCiiHO-perpeciiitHoro aHaizy.
CTaTUCTUYHI METOIM BUKOPUCTOBYBAJIH [IJISI IeCKPUII-
TUBHOTO, BapialliiiHOro, perpeciiiHo-KopeJsiliiiHoro ta
baraTo(akTOpHOIO aHaJli3y pe3yJIbTaTiB KIiHIYHUX Heli-
POIICUXIaTpPUYHUX, TICUXOMETPUIHMX, HEUPO- i IICUXO-
}i3i0a0rYHUX JOCTiIKEeHb, a TAKOX COLiaJIbHO-AEMOT-
padiuHMX i KITiHIKO-iHCTpYMeHTaIbHUX maHux. CraTuc-
TUYHUN aHalli3 BUKOHYBaJIM B i€papXiuHiii MOCIig0B-
HOCTI 3a CTyTlIeHeM CKJIaJHOCTI 3a/1ay4i, 1110 BUPILIyBaJIu.
st 3arajibHO1, KJIiHiYHOI, MCUXOMETPUYHOI, HEHpO-
Ta TICMX0(i3i0JIOTIYHOT XapaKTEPUCTUKH TPYI 00CTEKE-

the time constant was set to 0.3, filters — to 75 Hz.
The EEG was recorded in the 1) state of passive
wakefulness with closed eyes for 1 min, 2) state of
passive wakefulness with open eyes for 30 seconds,
3) state of hyperventilation with closed eyes for 3
minutes, 4) state of passive wakefulness after hyper-
ventilation with closed eyes for 1 min. Assessment
and interpretation were based on guidelines from
the classical EEG textbooks and atlases [51—55].
Both visual and spectral analysis of EEG was per-
formed. Epoch of spectral analysis was 60 second
with frequency range of 1—32 Hz. Artifact fragments
were removed from all EEG records prior to the
analysis. Spectral analysis was performed using the
conventional Fast Fourier Transformation (FFT)
method. Absolute spectral power (uV? - Hz™') and
the dominant frequency (Hz) values for the entire
frequency range (1—32 Hz) were registered, as well
as the dominant frequency, absolute and relative (in
% to the entire spectral composition) of the spectral
power values on fundamental frequency ranges:
0 (1-4 Hz), 6 (>4-7 Hz), oo (> 7—12 Hz) and B (>
12—32 Hz). Numerical indices and mapping pat-
terns of spectral power topographic distribution for
the main EEG ranges by the scalp were analyzed.

Statistical analysis

The Microsoft Excel spreadsheets (MS Windows)
have been used as a database structure for data col-
lection, storing, and analyzing. Statistical analysis
was performed in the standard packages of Statistica
10.0 for Windows and SPSS 16.0 software using
parametric and nonparametric criteria [56, 57].

Primary processing of all the data obtained, and
drawing of graphic illustrations was performed
using the Microsoft Excel 2010 spreadsheets and
STATISTICA 10.0 software. Comparison of the
mean values was carried out according to the
Student’s 7-test and Fisher’s F-test. Both paramet-
ric and non-parametric tests and methods of dis-
persion-regression analysis were used.

Statistical methods were used for descriptive, vari-
ational, regression-correlation and multivariate
analysis of the results of clinical neuropsychiatric,
psychometric, neurophysiological and psychophys-
iological studies, as well as of socio-demographic
and clinical-instrumental data. Statistical analysis
was carried out in a hierarchical sequence according
to the degree of complexity of the task been solved.

Methods of descriptive statistics were applied for
general, clinical, psychometric, neurophysiologi-

253 &



EKCINMEPUMEHTAJIbHI

AOCNIAXKEHHA

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

HUX BUKOPUCTOBYBAJIU METOIU JECKPUNTHUBHOI CTaTUC-
THUKM.

st BUSIBIEHHSI pO30iXKHOCTE MiX rpynamu ooOcTe-
KEHUX 0Ci0 BUKOPHCTOBYBAIU TapaMeTpUYHi Ta Hella-
pameTpuyHi Kputepii. Helipodiziosoriuni mapaseni
KJIIHIYHMX Ta MaTONCUXOJOTIYHUX MOKA3HUKIB AOCHTia-
JKyBaJli 3a IOTIOMOT00 KOPeJISILiMHOIo Ta perpeciiHoro
METOMIB aHaJIi3Yy.

3ajeKHUMM 3MIiHHUMMW BeJIMUMHAMU BBaXKajud HeEli-
porncuUxiaTpU4Hi KJIiHi4Hi, IICUXOMETPUYHI, MAaTONCUXO-
JIOTiuHi 1 Helipo@izioysoriyHi ImapamMeTpd Ha MOMEHT
obcrexxeHHs1. HesanexxHumuy (1o BIUIMBalOTh Ha 3a-
JIEXKHi 3MiHHi) — BiK IIpU OOCTEXXEHHI, CTaTh, MEPION 1ie-
pebporeHe3y Ha MOMEHT aBapii, J030Bi HABAHTAaXXEHHSI,
JTOJATKOBI (HepamialliiiHi) IIKiIJINBOCTI, COLiaJbHO-/IE-
MorpadiyHuii cratyc. BusHauyeHHs BIJIMBY pagialliiHUX
i HepamialliiHUX YMHHUKIB HacliakiB YopHOOUIbCHKOI
KaTacTpodH i TpaAULIIHHUX YUHHUKIB PU3UKY ITPOBOIM -
JIM 3a JOINOMOIOI KOpeJsLiiiHOro, perpeciiiHoro Ta
JUCIIEPCITHOTO METO/IiB aHAaJIi3Yy.

PE3VIJIBTATU JOCJ/IJI2KEHb
Heiipo6iosoriuni epeKT BHYTPIlIHHOYTPOOHOTO
onpominenns "'l mypis Bictap
Bruius BHyTpiltHbOyTpOGHOTO OrpoMiHeHHsT 'l Ha 1T0-
BEMIiIHKOBI aCMEeKTU aKTUBHOCTI Ta TPUBOXHOCTI IIYpiB
JOCHiAXKyBaJIM 3 BAKOPUCTAHHSIM TE€CTiB BiIKPUTOTO MO-
JIsl, TiIHSITOTO XPEeCTOMOAiOHOro JabipUHTY, YOPHO-
0i101 Ta YOBHMKOBOI KaMepu

V BiIKpUTOMY ITOJIi KOHTPOJIbHI LIIypHy TTEPETUHAIU B Ce-
penHboMy 5 * 0,9 HeHTpaIbHUX KBaApaTiB, TOI SIK B OITPO-
MiHEHUX IIypiB JaHWI MOKA3HUK HE BiIpi3HABCS Bifl piBHS
KoHTpoo i ctaHoBuB 7,1 * 1,8 kBaapartiB. JJokomoTOpHa
AKTUBHICTb, 110 11 BU3HAUEHO 3a MOKA3HUKOM KiJIbKOCTi
MepeTHYTUX ITeprepUIHNX KBaIpaTiB TAKOXK HE BiIpi3HsI-
Jlacsl y TBApUH KOHTPOJIBHOI i eKCIIepUMEHTATbHUX TPYIT i
cra”oBuia 60,4 + 4,6 Ta 56,6 & 8,0 KkBaapaTiB BiIITOBiIHO.
ITpu LbOMY MOKA3HMK KiJIbKOCTI BUXOIiB TBAPUH Y LICHTP
BiIKpUTOTO MOJIsl TAKOX OYB HA OMHOMY PiBHi Y KOHTPOJIb-
HUX IIIYpiB i ONTPOMiHEHMX TBAPUH, MO0 3HAUEHHS CTaHO-
BWIM BigmosigHo 2,9 £+ 1,1 1a 2,6 £ 0,6. [HIIMIT TOKa3HUK
JOCTiTHULIBKOT aKTUBHOCTI — KiJIbKiCTh BEpTUKAIbHUX CTi-
MOK — TaKoX He BiIpi3HSIBCSI Yy TBAPUH Pi3HUX eKCIepu-
MEHTaJIbHUX TPYM: KOHTPOJbHI IIypHU AEMOHCTpPYBAJIU
12,7 = 1,5 miniiomiB Ha 3aHi KiHLiBKH, TOMi SIK B OIPOMi-
HEHMX TBapUH Lieil MOKa3HUK ckianaB 14,2 + 1,5 Beptu-
KaJibHUX CTiloK. TTokasHUK KiJIbKOCTI Aedekaliid, siKuid
MEBHOIO MipoI0 BimoOpaXye eMOLIiOHATLHO-BEreTaTUBHE
HanpyXeHHs, y KOHTPOJIbHI rpyri ctaHoBUB 2,4 + 0,5 60-
JIIOCiB Aedekallii, a BOMPOMiHEHUX in utero TBAPUH BipOTia-
HO He Binmpi3HsBcd i craHoBuB 2,7 £ 0,6 6omiociB gedekatriii.

cal and psychophysiological characterization of
the surveyed groups.

Parametric and non-parametric criteria were
used to identify the discrepancies between groups
of surveyed persons. Neurophysiological parallels
of clinical and pathopsychological parameters
were investigated using the correlation and regres-
sion analysis methods.

Neuropsychiatric clinical, psychometric, pathopsy-
chological and neurophysiological parameters were
considered the dependent variables at the time of sur-
vey. Age at examination, gender, period of cerebogen-
esis at the time of the accident, radiation dose load,
additional (non-radiation) hazards, and socio-demo-
graphic status were accounted as independent vari-
ables (influencing the dependent ones). Determi-
nation of impact of radiation and non-radiation fac-
tors within the Chornobyl catastrophe aftermath and
of traditional risk factors was carried out using corre-
lation, regression and dispersion analysis methods.

STUDY RESULTS
Neurobiological effects of internal *'I irradiation
in Vistar rats
Effect of intrauterine "'I-irradiation on behav-
ioral aspects of activity and anxiety was investigat-
ed in rats using the approach with the open field
tests, elevated cross maze, black-white box and
shuttle box.

In open field the control rats crossed averagely
5 £ 0.9 center squares, at that in irradiated rats
this figure did not differ from the control level and
amounted to 7.1 £ 1.8 squares. The locomotion
activity which was determined by the number of
crossed peripheral squares also was not different
between the control and experimental animals
amounting to 60.4 £ 4.6 and 56.6 = 8.0 squares
respectively. Hereafter, the number of animal exits
to the open field center was also at the same level
in control rats and irradiated animals (respective-
ly 2.9 £ 1.1 and 2.6 £ 0.6). Number of vertical
stands as another indicator of research activity
again was not different in both experimental
groups, namely the control rats demonstrated
12.7 = 1.5 elevations on the hind limbs, whereas
in irradiated animals there were 14.2 £ 1.5 eleva-
tions. Number of defections acts as a parameter
which to some extent reflects emotional and veg-
etative stress was 2.4 = 0.5 in the control group
and 2.7 £ 0.6 in animals irradiated in utero, being
not differ significantly.
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3a pesysbraTaMu TeCTYBaHHS Y BiIKPUTOMY MOJIi He
BUSIBJICHO 3HAUYYIIMUX BiIMiHHOCTEN MiX KOHTPOJIbHOIO
Ta eKCIEPUMEHTAIbHOIO I'pyllaMy TBapUH.

¥ TecTi xpecTornonioHOro MiAHATOro JIa0ipUHTY 31e01Tb-
III0TO TaKOX HE OYJIO BUSIBJIEHO 3HAUYIIMX BiTMiHHOCTEM
MiX KOHTPOJIbHUMU TBapUHAMM i ONPOMiHEHUMHM IIIypa-
mu. Tak, cymapHUii yac NpoBeAeHUI Y BIIKPUTUX pyKaBax
Yy KOHTpOJIbHOI Tpynu ctaHoBuB 24,0 (7,1; 34,3) ¢, Tomi SIK
B OMPOMiHEHUX BiH OYB BipOTigZHO BUIIMM i ckiagas 32,0
(10,2; 44,7) c. BinnoBigHo, He OyJ10 3HAACHO BiAMiHHOC-
Teil y MOKa3HUKY TPUBAJIOCTI MepeOyBaHHSI B 3aKPUTUX
pyKaBax JIJabipMHTY MiK KOHTPOJbHUMM Ta OMPOMiHEHU-
MM TBapMHaMM, sskuii craHoBuB 133,2 (103,9; 149,9) c Ta
105,8 (80,8; 136,8) c, BigmoBigHO. Buxomsum 3 1boro,
JIOTIYHUM YSIBJSIETHCS 1 BiICYTHICTb Pi3HULI MiXX rpyriaMu
KOHTPOJIIO Ta JOCIiIY 3a MOKa3HUKAMMU KiJIbKOCTi BUXOIiB
Y BIIKPUTI Ta 3aKPUTi pyKaBU XpeCcTOMOMiOHOrO J1adipyH-
Ty: BignosigHo 2,1 (1; 3) Ta 3,7 (2; 5) s KOHTPOJbHUX
TBapuH, Ta 2,6 (1;4) ta 4,4 (4; 5) 15 eKCIIepUMEHTAIbHUX
mypiB. Kpim Toro, piBeHb IOKa3HUKA KiJbKOCTI MepeTH-
HaHHS LIEHTPY TaKOX He Bifpi3HsBcs i ckianas 4,9 (3; 7)
ta 5,7 (4; 7) BiANOBIIHO Yy KOHTPOJbBHUX IIYpPiB Ta OI-
pOMiHeHUX in utero. BogHouac, OyJio 3HaliicHy CYTTEBY Ta
BiporinHy pizauiio (p < 0,001) y moka3HUKY JOCTiIHUIIb-
KOI aKTUBHOCTI — KiJIbKOCTi BEpTUKAIbHUX CTIHOK, SIKW Y
KOHTPOJIbHUX 1ypiB cTaHOBUB 8,4 (5; 11) BcTaBaHb Ha
3aHi Jany y nopiBHsHHI 3 15,5 (12; 19) cTiiiok B or1i-
POMiHEHUX TBApHH.

INoka3HMKM TPYMIHTY, SIKMIf TBAPUHU JEMOHCTPYBaJIN
MOig 4Yac TECTyBaHHSl y IiAHSATOMY XPECTOMOAIOHOMY
JIaOGipMHTI, BipOTiIHO HE BiIPi3HSJIMCS Y TBApUH KOHT-
pPOJIBHOI Ta eKCIepUMEHTaJbHOI Ipym. Tak, KiJbKiCTb
aKTiB TPYMIHTY Y KOHTPOJBHUX TBapUH cTaHOBWJIA 1,8
(0; 4), a B ompomMiHeHux 1rypiB — 2,9 (1; 4); Tomi 5K 1m0~
Ka3HUK TPUBAJOCTi aKTiB TPYMiHTY IJI1 KOHTPOJILHOI Ta
€KCIIEPMMEHTAJILHOI TPYI 1YPiB CTAHOBUB BiAIOBIAHO
0,8 (0;7,4) cta 3,7 (0,4; 15,5) c.

3Bakauu Ha 31e0iIbIIOro BiACYTHICTh BiAMiHHOCTEH
Yy TECTi XpPECTOMOMIOHOrO ITIHATOTO JTabipuHTY (3a BU-
HSITKOM TIOKa3HMKA KiJIbKOCTi BEPTUKAJbHUX CTiHOK),
MOXHa HiATU BUCHOBKY, III0 BHYTPITHLOYTPOOHE OII-
poMminenHs "'l mpu3BOAMIO OO IEBHOTO ITiABUILEHHS
PiBHSI JOCIiAHUIIBKOI aKTUBHOCTI, IPOTE HE BILJIMBAIO
Ha TPUBOXKHICTh TBAPUH B 1IiJIOMY.

V Ttecti 4opHO-0iIoi Kamepu OyJIO 3HAWIEHO TEBHY
PI3HUIIIO Y TTOKAa3HMKAX TPUBOXKHOCTI MiX rpynaMu. Tak,
piBHi TOKAa3HUKIB KiJIbKOCTI BUIJISAAaHb 3 TEMHOIO
BilICiKy Ta JJaTEHTHOTrO MEepioly LIMX BUIJISIaHb CTaTUC-
TUYHO HE BifIPi3HSBCS MK IpyIlaMy i CTAHOBWJIN Y KOHT-
poabHiii rpymi 2 (1; 7) Ta 10,4 (0,75; 20,8) ¢ BianmoBigHO,
a y eKcIiepuMeHTaJIbHUX TBapuH — 5 (4; 8) Ta 12,2 (2,7;

No significant differences were found between
the control and experimental groups by test results
in open field.

In the elevated cross maze test there were for the
most part no significant differences between the
control animals and irradiated rats. Thus, the total
time spent in open arms by animals of control
group was 24.0 [7.1; 34.3] seconds, whereas in irra-
diated ones it was probably higher and amounted to
32.0 [10.2; 44.7] seconds. Accordingly, there were
no differences in duration of animal stay in the
closed arms between control and irradiated ani-
mals, which was 133.2 [103.9; 149.9] seconds and
105.8 [80.8; 136.8] seconds respectively.
Proceeding from this no differences between the
control and research groups with indicators of
number of exits in the open and closed arms of the
maze seems obvious. Namely, there were 2.1 [1; 3]
and 3.7 [2; 5] exits for the control animals and 2.6
[1; 4] and 4.4 [4; 5] ones for the experimental rats.
In addition, the number of center crossings was still
not different being 4.9 [3; 7] and 5.7 [4; 7] in con-
trol rats and irradiated in ufero animals respective-
ly. At the same time, a significant and reliable dif-
ference (p <0.001) was found in parameter of
research activity i.e. the number of vertical stands,
which in the control rats was 8.4 [5; 11] vs. 15.5[12,
19] elevations in irradiated animals.

Parameters of grooming demonstrated by the
animals during testing in elevated cross maze were
not significantly different in the control and exper-
imental groups. In such a way, the number of acts
of grooming in control animals was 1.8 [0; 4] being
2.9 [1; 4] in irradiated rats, whereas the duration of
grooming acts in the control and experimental
group of rats was 0.8 [0; 7.4] seconds and 3.7 [0.4;
15.5] seconds, respectively.

Considering the absence of differences in ele-
vated cross maze test (except the number of ver-
tical stands) it can be concluded that intrauter-
ine exposure to ionizing radiation from "'l has
led to a certain increase in the level of research
activity, but did not affect the anxiety of animals
generally.

The black-white box test showed some differ-
ence in anxiety rates between the groups. Thus, the
number of views from the dark compartment and
the latent period of these views were not statistical-
ly different between the groups and were 2 [1; 7]
and 10.4 [0.75; 20,8] in the control group vs. 5 [4;
8] and 12.2 [2.7; 19.2] in experimental animals. At
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19,2) ¢ BinnoBigHo. BogHouac, Oy/10 3HaiiIeHO CYTTEBY i
BipOTiAHY Pi3HULIIO MiXK TBApMHAMU LIMX TPYII 3a MOKa3-
HUKOM TPUBAJIOCTI epedyBaHHS Y OCBITJIEHOMY BiJICiKY,
SIKUM cKJ1agaB y KoHTposibHUX TBapuH 0 (0; 17,9) ¢ Ta OyB
3HAYHO OLTBIIMM B OIIPOMIHEHUX in utero TBAPUH, 1€ BiH
cranoBuB 27,5 (0; 35,6) ¢ (p < 0,05).

3 iHmoro 0OOKy, pa3oM 3 BIJICYTHICTIO 3HAUYyIINX
BiIMiHHOCTE 3a TTOKA3HUKOM KiJIbKOCTi BUXOJIiB y OC-
BiTsienuit Bincik 0 (0; 1) y KontposbHux Ta 1 (0; 2) y ekc-
TMEePUMEHTAIbHUX TBAPUH), OyJIO 3HAUIEHO 3HAYHY CTa-
tuctnany TeHaeHio (p < 0,08) mono pi3HUII ToKa3-
HUKa JIATEHTHOTrO TEepioJy BUIIEBKA3aHUX BUXOMIIB Y
OCBITJIEHUM BiACiK (puc. 4).

Ocranniit noka3Huk ctaHoBusB 0 (0; 10,3) ¢ y KoHT-
ponbHiit Tpymi Ta 15,2 (0; 30,3) ¢ B onmpoMiHEHUX TBa-
puH. ToOTO, X04a KOHTPOJIbHI IIIypH MaJIM TEHASHIIiIO 10
OiTBbII paHHBOTO BUXOY Y OCBITJIEHUI BiJCIK, TPOTE BO-
HU IIPOBOIMIIM TaM 3HAYHO MEHIIIE Yacy Y IMMOPiBHIHHI 3
eKCIIepMMeHTaIbHUMM TBApUHAMMU.

Takox 3HaiiaeHo BiporinHy pizHuio (p < 0,05) y mo-
Ka3HUKY JTOCHiTHULBKOT aKTUBHOCTI — KiJIbKOCTi BEpTU-
KaJIbHUX CTiHOK, SIKMI Y KOHTPOJIbHUX IIypPiB CTAHOBUB
0 (0; 2) BcTaBanb Ha 3amHi janu y TopiBHAHHI 3 4 (0; 5)
CTilOK B OIIPOMiHEHUX TBapUH.

AHaJIOTiYHi 3MiHA MOKa3HUKY MOCTiITHUIIBKOI aKTUB-
HOCTI Majiid Miclle MpU TECTYBaHHI Y MiTHITOMY XpeCTO-
noaioHoMy 1abipuHTI, ajie He y BinkpuToMy mnoJii. TooTo,
aBepPCHUBHI YMOBU TECTYBaHHS 3[1€0iJIbIIIOTO MiIBUIITYBa-
JIU piBeHb AOCTiIAHULILKOI aKTUBHOCTI B OIIPOMiHEHUX in
utero y 1ypiB y NOpiBHSIHHI 3 KOHTPOJIEM.

IToka3HUKU IPyMiHTY, SSIKMA TBApUHU AEMOHCTPYBaIU
i yac TeCTyBaHHS Y YOPHO-0iJ1iii KaMepi, BiporigHo He
BiIpi3HSIMCS Y TBApUH KOHTPOJIBHOI Ta €KCIIEPUMEH-
TaJlbHOI Tpyn. Tak, KiJIbKiCTh aKTiB T'PYMiHTY y KOHT-
ponpHuX TBapuH craHoBmia 0 (0; 0), a y mypiB, orI-
pomiHeHux in utero — 0 (0; 2); Tomi IK MOKa3HUK TPUBa-
JIOCTI aKTiB TPYMIiHTY JUTI KOHTPOJIbHOI Ta €KCIIEPUMEH-
TaJIbHOI rpyn 11ypiB ctaHoBUB BianosigHo 0 (0; 0) cta 0
0; 2,2) c.

TakuM 4MHOM, pe3yabTaTh TeCTYBaHHSI Yy YOPHO-OiTii
KaMepi, 1110 IX pO3IJISTHYTO pa3oM 3 TaHUMU, OTPUMaHUMU
y TeCTax BiAKPUTOIO MOJISI Ta MiAHSATOrO XPECTONMOAIOHOIO
JIa0ipMHTY, HABOIATH Ha IYMKY, 110 orpomiHeHHs ' in
utero MpU3BOIMIIO A0 MiABUILIEHHS PiBHS JOCTIIHUIIBKOL
AKTUBHOCTi, MPOTE 3HAYHUX CYTTEBMX 3MiH PiBHS TpU-
BOXKHOCTI TBapUH IPU LIbOMY HE BiOYBa€EThCSI.

JocaimkenHs 00/b0B01 YYTJIMBOCTI IIypiB

s docaioxcerts 60460801 uymausocmi ufypie BUMiproBaIn
JIATEHTHUIA TepioA peaklil BiICMUKyBaHHSI XBOCTa Y
BiITIOBib HA BIUIMB TepMaibHOI padialiii. Lleit moka3zHUK

the same time, a significant and reliable difference
between animals of these groups was found for the
length of stay in illuminated compartment, which
was 0 [0; 17.9] seconds in control animals being
much larger in exposed in utero animals, specifi-
cally 27.5 [0; 35.6] seconds (p <0.05).

On the other hand, along with no significant dif-
ference in the number of outputs to illuminated
compartment a significant statistical trend was
found (p <0.08) in control and experimental ani-
mals regarding a difference between the latent
period of such outputs to illuminated compart-
ment (Fig. 4).

The last parameter was 0 [0; 10.3] seconds in the
control group and 15.2 [0; 30.3] seconds in irradi-
ated animals. That is, although control rats tended
to exhibit an earlier exit to illuminated compart-
ment they however spent much less time vs. exper-
imental animals.

Also, a reliable difference (p<0.05) was found
in research activity index i.e. the number of verti-
cal stands, which in control rats was 0 [0; 2] on
the back paws vs. 4 [0; 5] stands in irradiated ani-
mals.

Similar changes in parameter of research activi-
ty occurred within testing in an elevated cross
maze, but not in open field. That is, the aversive
test conditions mostly increased the level of
research activity in irradiated in utero rats com-
pared to control.

The parameters of grooming, which the animals

demonstrated during testing in a black-white box
were not significantly different in the animals of
control and experimental groups. So, the number
of grooming acts in the control animals was 0 [0; 0]
and in rats irradiated in utero was 0 [0; 2], whereas
the duration of grooming acts in the control and
experimental groups of rats was 0 [0; 0] seconds
and 0 [0; 2.2] seconds.
Thus, the results of testing in a black-white box,
which are considered together with data obtained
in the open field tests and the elevated cross maze,
suggest that the "“'I-irradiation in utero led the
increased level of research activity, but to no signif-
icant changes occurred in the level of animal anx-
iety.

Investigation of pain sensitivity in rats

Pain sensitivity in rats was assayed by the measure-
ment of latent time of tail-flicking in response to
thermal radiation. The value was measured several
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BU3HAUYaBCs AeKibKa pa3iB MOCIiJIb — 3arajbHa KiJbKiCTb
OTPMMAaHMX BapiaHT cKJafgana He MeHI1e 75 K 151 KOHT-
POJIbHOI, TaK i eKCIepUMEHTAaIbHOI IPYIIY TBAPUH.

Y TBapuH KOHTPOJIbHOI TPYIIM JIATEHTHUI Mepioa pe-
aKii BiICMUKYBaHHsI XxBocTa ctaHOBUB (8,29 * 0,47) c,
TO/i SIK B ONIPOMiHEHUX in utero 1eil MOKa3HUK OyB MEH-
IIXM i cTaHOBUB BiAmnosinHo (6,32 £ 0,38) ¢, npuyomy
111 pi3HULS OyJ10 BU3HaUeHa sK BiporigHa (p < 0,01).

BcraHoBieHHST MexaHi3My 30LIbIIIEHHST O0JTbOBOI UyT-
JIUBOCTI 111ypiB, ornpominenux 'l in utero, € ckaagHUM
MUTAHHSIM, sIKe MOTpeOy€e MOaNbIIOr0 BUBYCHHS. 3 Of-
HOTro 00Ky, He BUKJTIOUEHO 3aJIydeHHs 0 peajtizallil IIboro
edeKTy po3aaiB y LIeHTpaIbHUX MO3KOBUX MEXaHi3Max, —
HAIIpUKJIa TaKUX, sIKi OEpPYyTh y4acTh Y PO3BUTKY CTpeC-
iHAYKOBaHOI aHa/Ibre3ii, — a caMme MO3KOBUX IIUISIXiB, TIPO-
eKIIii SKUX HAYTh BiJ, MUTHAJIMHU J0 OiJITBOIOTIHHOI Cipoi
pedyoBuHU cepenHboro Mo3ky (PAG) Ta HUCXOHATH 1O
POCTPOBEHTPOMEIiaIbHOI YaCTMHU CTOBOYpY MO3KY Ta
JOpCaTbHUX KOPEHIIiB CMTMHHOTO MO3KY [37]. Takox ox-
HUM 3 MOXJIMBUX MEXaHIi3MiB € MOPYILIEHHS y OITiOIIHii
Ta/abo eHIO0KaHAOIHOIMHIM cucTeMax MO3KY, OCKIIbKU
BiTOMO, 1110 €HAOTEHHI OITiOiIHI MEeNTUAM, SIK i arOHICTH
CBI1 peuenTopiB, MalOTh KJTIOUYOBY POJIb Y LIMX ITPOIIECax
[38]. 3 inmroro 60Ky, BimoMo, 1110 OiISIBOJOTiIHHA cipa pe-
YOBMHA CEPEAHBOT0 MO3KY Ma€ KJIIOYOBY (DYHKIIIIO SIK Y
HUCXiTHOMY KOHTpPOJIi 00110, TaK i B AaHTUHOLIMIITUBHOMY
BIUIMBI aroHicTiB KaHa0iHoixiB [39]. Bce 11e, pazoM 3 TuM,
mo CBI1 peuenropy HasiBHI B J0p3abHOMY CEpPeIHbOMY
MO3KY, HaBOIWTb Ha AYMKY IMPO MOXIIMBY peaslizalliio
edeKkTy 30i7bllIeHHs] 00JbBOI UYTJIMBOCTI camMe 4epe3
3minm y CB1 peuenTophiit aktuBHoCTi y PAG.

O1iHKY KOTHITUBHOTO CTaTyCy MpPOBOJAMIM BUBYEH-
HSIM TIOBENiHKM 3a JOIIOMOTOI0 YOBHMKOBOI KaMepH.
Ilepen HaBYaHHSM JIaATEHTHUI TepioJ BUXOMY ILIYpiB 3
OCBITJIEHOTO BiICIKY Y TEMHU 1 OYB OTHAKOBUM Y TBapUH
KOHTPOJIBHOI Ta AOCiAHOI IPYIT i CTAHOBUB BilMOBiIHO
(36,1 £ 14,4) ¢ Ta (30,6 £ 8,0) c. Lleit moka3HUK BU3HA-
YyaBCs 3a pe3yIbTaTaMu IBOX CIIpoO. Ilicis BU3HAYCHHS
(boHOBHUX 3HAUEHD JATEHTHOTIO II€PiOAY BUXOMY IIPOBO-
IWIA acolliaTUBHE HaBYaHHS, LLJISIXOM CTUMYJISIIi
CTabii30BaHUM €JIEKTPUIHUM TOKOM 0,8 MA y TEMHOMY
BiICiKy BIpoaoBX 15 c.

3a HOIIOMOTroI0 IUCIIePCiiHO-perpeciifHOro aHaji3y
JOCJIIXXEHHS OLIiHIOBaJM BipOTrigHICTh i HAIpPSIMOK
BILIMBY BPaxOBaHOI'O YMHHMKA (BHYTPIilTHHOYTPOOHOTO
OINPOMiHEHHSI).

INomani y Tabmuni 4 maHi BKa3yloTh Ha BipoTimHUI
BIUIMB (paKTy BHYTPILIHLOYTPOOHOIo ompomiHeHHs 'I
Ha ITOKa3HUK KiJTbKOCTi MiXKCUTHAJIbHUX peakiliil. OcKisib-
KM 32 I[IUX YMOB BOJTHOYAC CITOCTEPIra€ThCS 3MEHIIEHHS
KIUJIBKOCTi YMOBHMX pedJeKCiB i MOIOBXEHHS TpHUBa-

times in a row so the total array of variants
amounted to at least 75 both in control and exper-
imental animal groups.

Animals in the control group had a latent time of
tail-flicking response of (8.29 * 0.47) sec, whereas
in exposed in utero ones the respective value was
lower (6.32 %+ 0.38 sec) and this difference at that
was recognized as significant (p < 0.01).

Identification of an increased pain sensitivity
mechanism in rats irradiated with "'l in utero is a
complex issue requiring further research. On the
one hand, the involvement of disorders of central
brain mechanisms is not unlikely in realization of
this effect, namely such as those involved in devel-
opment of stress-induced analgesia, specifically
the brain pathways from amygdala to mesen-
cephalic periaqueductal gray matter (PAG) and
descending ones to the rostral ventromedial
medulla and dorsal spinal roots [37]. Disorders in
opioid and/or endocannabinoid brain systems are
also possible mechanisms, since it is known that
endogenous opioid peptides, as well as the CBI1-
receptor agonists play a key role in these processes
[38]. On the other hand, the key function of mes-
encephalic periaqueductal gray matter is known
both in descending pain control and in antinocipa-
tive effect of cannabinoid agonists [39]. All this,
coupled with the fact that CB1-receptors are pres-
ent in dorsal midbrain, suggests that the effect of
pain sensitivity increasing may be realized due to
changes in CB1-receptor activity in the PAG.

Assessment of cognitive status was conducted by
studying the behavior with a shuttle box. The latent
period of rat’s exit from the lighted compartment into
dark one was the same before learning in animals of
the control and experimental groups (36.1 + 14.4
seconds and 30.6 * 8.0 seconds, respectively). This
parameter was determined from the results of two
attempts. After determining the background values of
latent exit period an associative learning was con-
ducted by stimulation with stabilized electrical cur-
rent of 0.8 mA in a dark compartment for 15 seconds.

Probability and direction of the effect of a
considered factor (i.e. intrauterine irradiation)
were evaluated using the dispersion-regression
analysis.

Data presented in Table 4 are indicative of a
probable effect of intrauterine "*'I-irradiation on
the number of intersignal reactions. Since under
these conditions there is the observed simultane-
ously decreased number of conditioned reflexes
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JIOCTi JJaTeHTHOIO mepioay pedaeKTOpHUX peakiliii, i
3MiHM CJIiJI PO3MJISIAATH SIK O3HAKY IMEBHOIO MPUTHIYEeH-
Hs ¢yukuii HHC, y Tomy unciti, 3HUKeHHST KOTHITUBHOIL

and prolongation of latent period of reflex reac-
tions, these changes should be considered as a sign
of certain inhibition of the CNS function, includ-

3IaTHOCTI. ing a cognitive decline.

Ta6nuus 4

llaHi perpecitHOro aHanizy KyMynATUBHUX 3HauyeHb NOKa3HUKIB YMOBHO-pe(sieKTOPHOT AiANbHOCTI wWypiB
Bictap, wo 3a3Hanu BHYTpilWHbLOYTPOGHOro onpomiHeHHA 'l (aHani3 162 3HayeHb 3a ABa MicAuli cnocTepe-
XeHb; 24 TBapUHK)

Table 4
Data of regression analysis of cumulative values of indices of conditioned-reflex activity of the Vistar rats
exposed to intrauterine **'I-irradiation: 162 values accounted for two months of observations in 24 animals)

MokasHuk YuHHMK KoediuieHTn piBHSIHHS MHOXWHHOI perpecii
Parameter Factor Equation coefficients of multiple regression
KinbKicTb YMOBHUX PedIieKCiB akKTUBHOIO YHUKAHHS KOHCTaHTa / . constant a0= 40,6 <0,00001
Number of conditional reflexes of active avoidance Hac (awi) / time (days) al = 2,79 <0,00001
OnpomiHeHHs / irradiation a2= -62,6 <0,00001
KinbkicTb cnpo6 [0 MosiIBU NEPLLOTr0 YMOBHOIO pediekcy ﬁggiﬁ:ﬁ { i[(;(;n(s(t’z;r;lts) :(1) : 32 1547 < 0<(§)6(1)0 1
Number of attempts before the first conditioned reflex appears Onpowierts / iradiation a0 = 65,5 <0,00001
CepepHs KinbKiCTb YMOBHUX pednekciB y cepisix KOHCTaH.Ta / .constant a0 = 2,0 <0,00001
Average number of conditioned reflexes in series Hac (awi) / time (days) al = 0.18 <0,00001
OnpomiHeHHst / irradiation a2 = -2,73 <0,00001
JlaTeHTHWiA Nepio, yMOBHOPE(DNEKTOPHOI peakLyji KOHCTaHTa / _constant a0 = %,2 <0,05
Latent period of conditioned reflex response Hac (awi) / time (days) al = 14 <0,00001
OnpomiHeHHs / irradiation a2= -25,6 <0,05
KinbKicTb MiXCUrHANBHUX pPeakLiii KorcratTa / constant a0 = %2 <0,05
Number of intersignal responses Hac (awi) / time (days) al = 14 <0,00001
OnpomiteHHs / irradiation a2 = -25,6 <0,05

TakvMm 4YuHOM, 3a pe3yJbraTaMU AOCHIIXEHb I10-
BEJIHKOBUX peakxliiii TBApUH Y YOBHUKOBMX Kamepax,
CIIOCTEPIraeThbCsl YiTKUI HETaTUBHUI BIUIMB OII-
POMiHEHHS: 3MEHIIYETHCS KUTbKICTh BUPOOJIEHUX YMOB-
HUX pedaeKkciB, IMOMOBXYEThCS JAaTEHTHUN Mepiof
YMOBHOPE(MIEKTOPHUX peakiliii, 3MEHIIYETbCS IITBUII-
KiCTb HABYaHHS TBAPUH i CTAIICTh HAOYTUX CTEPEOTUITIB.

Kniniyna HeiiponcuxiaTpuyHa XapakKTepUCTHKA
onpoMiHeHuX in utero ocio

Ha croromHi pesynbTaTM [OiarHOCTUKU 3aXBOPIOBAaHb
HEpPBOBOI CUCTEMU Ta IMCUXiYHUX i MOBEAiHKOBUX PO3-
JlafiB, a TaKOX HEBPOJIOTiYHO-acoLiioBaHOI IMaToOril
3a kputepisMu MKX-10 cBimuaTs mpo BiICyTHICTb 3HA-
YyILIUX PO30iXKHOCTE MixK IpyliaMU eKCITOHOBaHUX i He-
eKCITOHOBAHUX in utero OcCi0 111010 YaCTOTU 3aXBOPIO-
BaHb HEPBOBOI CUCTEMH i MCUXiYHMX po3faniB. OgHak,
cepel, HEBPOJIOTIUHOI MAaToJIOTil Yy BHYTPILIHBOYTPOOHO
OINMPOMiHEHUX 0Ci0 MepeBaXkaan po3Jiagy BEereTaTUBHOI
HEpPBOBOI CUCTEMU, PAaHHIl PO3BUTOK MPOSIBiB Liepedpo-
BaCKYyJISIpPHOI T1aTOJIOTii, MapOKCU3MaJIbHi CTaHU (CUH[I-
POMMU TOJIOBHOIO 00JII0, MirpeHb, iHKOJU — eMNiIeNTU-

Thus, according to the study results of animal
behavioral responses in shuttle box there is a clear
negative effect of irradiation, namely the number
of produced conditional reflexes is reduced, latent
period of conditioned reflex reactions is pro-
longed, rate of animal learning and constancy of
acquired stereotypes are decreased.

Clinical neuropsychiatric characterization

of persons irradiated in utero

Results of diagnosis of the nervous system diseases
both with mental and behavioral disorders, as well
as neurological disease-associated states according
to the criteria of ICD-10 point at no significant
differences between the groups of exposed and
unexposed in utero persons regarding frequency of
diseases of nervous system and mental disorders.
However, the autonomic nervous system disorders,
early development of cerebrovascular disease,
paroxysmal states (headache syndromes,
migraine, epileptiform syndromes sometime), and
dorsalgia were prevailed among neurological dis-
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(opMHi cuHIpPOMM), JOPCaITii, a TAKOX OYJI0 BUSBJIEHO
2 XBOpHMX Ha JIeMi€NliHi3yl0ui 3aXBOPIOBAHHSI HEPBOBOI
cucteMu. [lcuxiuHi i moBeaiHKOBI po3iaau Oyau Mmpejc-
TaBJIEHi y MpeHaTaJbHO OMPOMiHEHMX OCi0 TepeBaKHO
po3jlafaMu ajanrallii, CTpec-acolliiifoBaHUMM po3Jiajaa-
MU (cnelupiyHUIA TOCTTPaBMAaTUYHMIA CTPECOBUIA PO3-
Jaa, comaToOpMHI po3naau, TpPUBOra, AeMpecis), meB-
HUMHM KOTHITUBHUMHU poO3JIaJaMM Ha PiBHi JIETKOro
KOTHITUBHOTO ne(illuTy, OpraHiYHUMU TMCUXIYHUMU
po3iagaMu, a TAKOX KOMOPOiIHICTIO HeporicuxiaTpuy-
Hol natoJorii. /st BU3HauYeHHS L€l TeHAEHLIi1 MOTpiOHEe
30ibIIEHHS CTATUCTUYHOI MOTYKHOCTI JOCTiIXKEHHS.

3a HelipomerpuuHoo wmKanolo (EDSS) ouiHeHa
CTYIIiHb HeBpoJioriuHoro jaediuuty. CepenHiii 6an 3a
EDSS B ocHOBHIl IpyIri i y Tpy1i TOPiBHSAHHS OYB OJHA-
KoBuM i ckiagaB (M + SD) 0,5 £ 0,7 (t=0,2; p =0,8),
TOOTO Pi3HUIII MK TpyniaMu He OyJIo BiAMiYeHO, i HEB-
poJioriyHuii AediuuT OyB MiHIMAJIbHUM y OOCTEXEHUX
000x rpyn. JlocToBipHOI pi3HULII MiXK OKPEMUMU 1IKaJ1a-
mu EDSS Takox BusBIEeHO He Oyo0.

HocnimxeHHs: BepOalbHOI Mam’sITi Ta HaBYaHHS 3a
tectoM RAVLT nokazano 306epexkeHicTb BepOalbHOIL
naMm’gTi B ycix 00CTeXeHuX, 0e3 TOCTOBIpHMX PO30ixK-
Hocrteit. [Topanbiiie MPoIOBXKEHHS JOCTiIKEHHS T03BO-
JINTh 3pOOUTHU BUBAXEHi BUCHOBKM.

3a 1OMOMOrol KOPOTKOI MCUXiaTPUYHOI OLiHIOBAJIb-
Hoi mkanu (BPRS) He Oyno BUSBIEHO BipOTiZHOTO TIe-
peBaxkaHHS TMCUXOMNATOJIOTiYHOI CUMITOMATUKHU Y OCi0
ocHoBHOI rpymu. Cepenniit 6an 3a BPRS (1-16) B oc-
HOBHIM Tpymi ckinagaB (M = SD) 6,9 £ 5,2, B rpymi
NopiBHAHHA $ 6,5 £ 5,6 (t=0,4;p=0,7).

¥V Biui 28—30 pokiB y BHYTPIILIHLOYTPOOHO OMPOMiHE-
HUX 0cCi0, y MOpiBHSHHI 3 HEEKCIIOHOBAHWUMHU O/-
HOJITKaMH, 30€pira€TbCs AUCTapMOHIAHICTh PO3BUTKY
IHTEJNIEKTY 32 PaxXyHOK BiJHOCHOIO 3HMXXEHHSI BepOaib-
HOTO iHTENEeKTY i BiIHOCHOTO MiABUIIEHHS HeBepOaib-
Horo (pizHuis plQ-vIQ (M = SD) B ocHOBHi#l rpyi
1,9 £ 10,8 myHKTiB, y rpymi mopiBHsSHHS -3,8 £ 12,1
yHKTIB (t = 2,2; p = 0,03) (puc. 2).

Taka ogHOCIIpsIMOBaHA AVMCTAPMOHIMHICTh iHTEJIEKTY-
aJIbHOTO PO3BUTKY OyJia BusiBiaeHa 3 10-12-piuHoro BiKy
€KCITOHOBaHMX in utero BHacaigoK YopHOOUIbCHKOI Ka-
TacTpodun ocib i BigMiUaeTbCcs moTemep, Yy Billi crajoi
0COOMCTOCTI.

CTaH MCcUXivyHOTO 310POB'S 3a TaHUMM TICUXOiarHOC-
TUYHUX ONUTYBaJIbHMKIB MpeACTaBACHUI Ha Ta0I. 5.

TakuM 4YMHOM, y TPy BHYTPIIIHLOYTPOOHO OIM-
POMiHEHUX BUSIBJIEHO TEHACHIIiIO O 30iJbIIIEHHS YaCTO-
TA TipIINX OLIHOK 3a INKaJlaM{ ONMWTYBaJIbHMKA ISt
ouinku PTSD, Toni K 1mKajJu ONMUTyBaJbHUKA 3arajib-
Horo 310poB's GHQ i mkana caMoowiHKK aenpecii 3yH-

eases in persons exposed to ionizing radiation in
prenatal period. And also 2 cases of demyelinating
diseases of the nervous system were diagnosed.
Mental and behavioral disorders were presented in
prenatally irradiated individuals mainly as adaptive
disorders, stress-associated disorders (specific
post-traumatic stress disorder, somatoform disor-
ders, anxiety, depression), certain cognitive disor-
ders at the level of mild cognitive impairment,
organic mental disorders, and neuropsychiatric
disease comorbidity. Higher statistical power of the
study is required to verify this trend.

Degree of neurological deficit was assessed by the
neurometric scale (EDSS). Mean EDSS score was
the same in both main group and comparison group
amounting (M = SD) 0.5+ 0.7 (t=0.2;p=0.8). In
other words, there was no difference between the
groups with minimal neurological deficit in study
subjects from both groups. There was also no signif-
icant difference between the particular EDSS scales.

Study of verbal memory and learning by the
RAVLT test showed a preserved verbal memory in
all subjects with no significant differences. Further
research is supposed to allow some balanced con-
clusions here.

No reliable prevalence of psychopathological
symptoms in subjects of the main group was
revealed by means of the Brief Psychiatric Rating
Scale (BPRS). Average BPRS score (1-16) in the
main group was (M £ SD) 6.9 = 5.2, being in the
comparison group 6.5 £ 5.6 (t=0.4; p=10.7).

At the age of 28-30 the disharmony of intellectu-
al development remains in persons exposed to pre-
natal irradiation in comparison with unexposed
peers through the reduced verbal intelligence and
relatively increased non-verbal one, namely there
is a difference of pIQ-vIQ (M % SD) in the main
group 1.9 £ 10.8 points vs. the comparison group
-3.8 £ 12.1 points (t = 2.2; p = 0.03) (Fig. 2).

Such unidirectional disharmony of intellectual
development was discovered since the age of
10—12 years in persons exposed in utero after the
Chornobyl catastrophe and is noted till now upon
their coming of age.

The state of mental health according to psycho-
diagnostic questionnaires is presented in Table 5.

Thus, a tendency to increase of frequency of
the worse estimates by the questionnaire scales
for evaluation of PTSD was found in persons
exposed to ionizing irradiation in prenatal peri-
od, while there were no any significant differ-
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ra (SDS) He moka3zajiu J0CTOBIpHUX po30ixkHOCTEeM. JIist
OCTAaTOYHOT'O BU3HAYECHHS € HEOOXiMHMM ITOHaibIle Ha-
pOIyBaHHS CTATUCTUYHOI IMTOTY>KHOCTI.

ences revealed by the GHQ general health ques-
tionnaire scales and the Zune Depression Survey
(SDS).

Intellectual disharmony due to decrease in verbal 1Q, plQ-viQ score
N

[y
(=)

[lvicrapmoHist iHTenekTy 3a paxyHoK 3HUXeHHs BepbanbHoro 1Q, plQ-viQ, 6anu

6 — onpomiHeHi npeHaTanbHO / exposed prenatally
7 — HeeKCroHOBaHi npeHatanbHo / not exposed prenatally

o Mean
[] MeansSE
T Mean+1,96*SE

PUCYHOK 2. [lucrapmoHiiHicTb po3BUTKY iHTENIEKTY 3a paxyHOK BifHOCHOro 3HW)XeHHA Bep6anbHoOro
iHTeneKTy i BigHOCHOro nigBuLWeHHA HeBep6aNbHOro B €KCMOHOBaHMX in utero BHacnigok YopHo6unbCbKoi
Katactpocum oci6.

Figure 2. Disharmony of intellectual development due to relative decrease in verbal intelligence along with
relative increase in non-verbal intelligence in persons exposed to ionizing radiation in utero after the

Chornobyl NPP accident.

ExcrnioHoBaHi BHYTpPIIIHLOYTPOOHO IO AOCSATHEHHI
28—30 poKiB IEMOHCTPYIOTh TEHAEHIIiO 10 OLTBIIIOL Yac-
TOTU TATOJIOTIYHMX eJIeKTpoeHledasorpam 3a paxyHOK
NapoOKCU3MaJlbHOI aKTUBHOCTI 1 «CIUIOLLEHOrO» TUILY
eJIEKTPUYHOI aKTUMBHOCTI, 110 TOTpeOy€e TMPOAOBXKEHHS
JOCHIKEHHST 3 METOIO IMiABUIIEHHSI CTaATUCTUYHOI MO-
TY>KHOCTI.

Heiipodiziomoriaunmii maTepH B eKCITOHOBAHUX in utero
oci0 BiIpi3HSBCS TEHIOCHLISIMUA JO 3MEHILIEHHST CITeKT-
pajibHOI MOTYXXHOCTiI TeTa-Aiara3oHy OioeJeKTPUYHOI
aKTMBHOCTI TOJJOBHOI'O MO3KY Y JIiBilf J0OHO-CKPOHEBiit
TinsTHI (TabJr1. 5), MO CBiMUNTE PO TITTOKaMITAIbHY JUC-
(¢yHKIIi10, TepeBaXkHO y JOMiHAHTHIl remicdepi.

OnHovacHe MiIBUIIEHHS CHEKTPaJIbHOI MOTYXKHOCTI
anbda- i Oera-mianma3oHiB y IpaBii JOOHO-CKPOHEBii
JUISIHLI 3 HalOIiIbIIOK BipOrigHICTIO BigOMBae siBUILA
KOMITEHCATOPHOI ajanTailii B HeJOMiHAHTHIil remi-
cepi. biosorivHnM 6a3ucoM 1IbOro eheKTy MOXKe OyTU
MOPYIIEHHS TiMOKaMIaJbHOTO HEWPOTeHe3y BHACTIIOK
npeHaTaJbHOro ONPOMiHEHHSI.

Tendency towards higher frequency of abnor-
mal electroencephalograms due to paroxysmal
activity and «flattened» type of electrical activity
was found in the exposed prenatally subjects
upon reaching them age of 28—30. These find-
ings require continuation of a study to increase
the statistical power.

Neurophysiological pattern of the exposed in
utero persons is different with trends of a
decreased spectral power of the theta-band cere-
bral bioelectric activity in the left frontotemporal
region (Table 5), indicating a hypocampal dys-
function mainly in dominant hemisphere.

Simultaneous increase of the alpha and beta
spectral power in the right frontotemporal region
with the greatest probability reflects the phe-
nomena of compensatory adaptation in a non-
dominant hemisphere. Disorders of hypocampal
neurogenesis due to prenatal irradiation can be a
biological basis of this effect.
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CTaH ncuxiyHoro 3n0poB’s 0Ci6 0OCHOBHOT rpynu i NOpiBHAHHA 332 AAHUMM ONUTYBANILHUKIB

Table 4

Mental health of subjects from the main group and the comparison group (data from questionnaires)

Tect a6o0 wwKana

OcHoeHa rpyna, M = SD

Ipyna nopiBHAHHS

Main group, M = SD t p Comparison group
Test or scale (n=104) (n=78)
OnutyBanbHukn ana ouitku PTSD / questionnaires for PTSD evaluation:
LLikana cnomuHie npo noaii YopHobunbebkoi katactpodu (IES) — PTSD 50+£6,3 1,4 0,2 3,6 £6,2
Scale of memories/experience of the Chernobyl catastrophe (IES) — PTSD
LLkana ans camoouiHku apatimeocTi (IDA) — PTSD 3124 -0,2 0,9 3,125
Self-rating scale of irritability (IDA) — PTSD
GHQ-28A (comatodopmHi cUMMTOMM) 6,0£3,5 -0,3 0,7 6,2+ 3,7
GHQ-28A (somatoform symptoms)
GHQ-28B (TpuBora/ 6e3cOHHs1) 52+39 -0,1 0,9 53+48
GHQ-28B (anxiety/ insomnia)
GHQ-28C (coujanbHa AnchyHKLIF) 6,4+23 -11 0,3 6,9+34
GHQ-28C (social dysfunction)
GHQ-28D (Taxka penpecis) 21+29 -0,5 0,6 23+32
GHQ-28D (severe depression)
GHQ-28 (3a Nlikeptom: 0-1-2-3) 195+9,7 -0,4 0,7 20,2+ 12,7
GHQ-28 (Likert scale score: 0-1-2-3)
LLIkana camoouiHku aenpecii yHra (SDS) 42,1 £9,38 -0,4 0,7 42,8 +10,2
Zung Self-Rating Depression Scale (SDS)
MMSE, 3aranbHa oLjHKa 284+13 0,2 0,8 28,3+23
MMSE, total score
Tecrt iHTenekTyansbHocTi Bekcnepa ans popocnux (WAIS), 3aranbHa ouiHka (1Q) 106,8 = 11,0 1,4 0,2 103,0 £ 15,7
Wechsler Adult Intelligence Scale (WAIS) for adults, total score (1Q)
Tecr iHTenekTyanbHocTi Bekcnepa ang nopocnux (WAIS), Bepbanbhuii (viQ) 105,1 £ 12,6 0,3 0,8 104,3 £ 17,5
Wechsler Adult Intelligence Scale (WAIS) for adults, verbal (vIQ)
Tecrt iHTenekTyansbHocTi Bekcnepa ans popocnux (WAIS), nepdomaHcHuii (plQ) 107,094 2,7 0,01 100,7 £ 13,5
Wechsler Adult Intelligence Scale (WAIS) for adults, performance (plQ)
[ucrapmonis 1Q (plQ- vIQ) 1,9+10,8 2,2 0,03 -3,8 £ 12,1

IQ disharmony (plQ- viQ)

JlocToBipHE 3MEHILIEHHS BiIHOCHOI CEeKTPaJbHOI I10-
TY>KHOCTi TeTa-Iiana3oHy (TilmoKaMMajJbHOTO PUTMY) Y
MpeHaTaJbHO €KCITOHOBAHUX OCi0 MPe3eHTOBAHO Ha pH-
CYHKY 3.

BusBieHi BiporigHi Ta NOTYXHi JiHIMHI KOpessiiHi
3B'SI3KM MiX iHTEJIEKTOM i 0i0eeKTpUUHOI0 aKTUBHICTIO
TOJIOBHOTO MO3KY B €KCITOHOBaHMX OCi0. 30iJbIICHHS
TMOTYXXHOCTi TOBUTbHOXBUJIBOBOI (I€1bTa) AKTUBHOCTI
Ta, BiANOBIAHO, 3MEHIIEHHS JOMIHAHTHOI 4YacTOTH
eJIEKTPUYHOI aKTUBHOCTI MO3KY acolliffoBaHi 3i 3HU-
JKeHHSIM KOe(illiEHTY iHTEJIEKTYaaIbHOCTI, 1110 TOKa3aHO
Ha puCyHKY 4. [IpuyoMy 11i 3a71€KHOCTi CTOCYBAIUCS T1e-
pPeBaXXHO BEpOAJILHOIO i 3araJIbHOIO IHTEJIEKTY, a He TIep-
¢oMaHCHOTO iHTENAEeKTy. 3a3HayeHO, 110 3MEHIIEeHHS
JomiHaHTHoi vactotTu EEID y niBiii, moMiHaHTHIIA,
reMicgepi acouiifoBaHO 3i 3MEHILEHHSIM BepOATIBLHOTO
Ta 3arajgbHOro IQ, Tomi K 3MeHIIeHHS JOMiHAHTHOIL

Significant decrease of the theta-band relative
spectral power (i.e. hypocampal rhythm) in pre-
natally exposed individuals is presented in
Figure 3.

Significant and strong correlation between the
intelligence and cerebral bioelectric activity were
revealed in exposed individuals. Increase in the
slow-wave (delta) activity power and accordingly
the reduction of dominant frequency of cerebral
electrical activity were associated with decreased
coefficient of intelligence (see Figure 4). Notably,
these dependencies were mainly related to verbal
and general intelligence, but not to performance
intelligence. It was noted that the reduction of
dominant EEG frequency in the left, dominant,
hemisphere was associated with decrease in ver-
bal and total IQ, while the reduction of dominant
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Pesynbtatn Komn'ioTepHoi enektpoeHuedanorpadii (KEEF) y BHyTpiwHbOYTPO6HO OnpomiHeHux oci6 i

HeeKCNnoOHOBaHUX
Table 5

Computerized electroencephalography (cEEG) data in prenatally exposed and unexposed persons

MapameTtp KEET

OcHoeHa rpyna, M = SD

Fpyna nopiBHAHHS

Main group, M = SD t p Comparison group
cEEG parameter (n=104) (n=78)
BigHOCHa NOTYXHICTb TETa-aKTUBHOCTI Y BiABeAeHH F7, % 26,6 £3,5 -2,6 0,01 28,1 £ 3,5
Relative theta-power in F7 lead, %

BigHOCHa NOTYXHICTb TETA-aKTUBHOCTI Y BiABeAeHHi T3, % 26,9 £3,4 -2,4 0,02 28,2+34
Relative theta-power in T3 lead, %

BigHoCHa NOTYXHICTb TeTa-akTUBHOCTI Y BiaBeaeHHi 02, % 21+44 -2,5 0,01 23942
Relative theta-power in 02 lead, %

BinHocHa noTyxHicTb anbda-akTMBHOCTI y BiaseaeHHi F1, % 33,7+£9,6 2,3 0,02 30,2+8,6
Relative alpha-power in F1 lead, %

BinHocHa noTyxHicTb anbda-akTMBHOCTI Y BiaBeaeHHi F7, % 33,5+8,1 2,1 0,04 30,6 £8,5
Relative alpha-power in F7 lead, %

BinHocHa noTyxHicTb anbda-akTueHOCTI y BingeaeHHi 01, % 425+10,5 2,1 0,04 38,8+ 10,4
Relative alpha-power in O1 lead, %

BinHocHa NoTyXHiCTb anbgha-akTMBHOCTI Y BingeaeHHi 02, % 43,5+ 10,0 2,5 0,01 39,497
Relative alpha-power in 02 lead, %

BinHocHa noTyxHicTb GeTa-akTMBHOCTI Y BingeaeHHi P3, % 15,0 £ 3,4 -2,5 0,01 16,6 £ 4,3
Relative beta-power in P3 lead, %

BinHocHa noTyXHicTb GeTa-akTMBHOCTI Y BinBeneHHi P4, % 14,8 +3,0 -2,0 0,05 15,9+ 4,0
Relative beta-power in P4 lead, %

A6conioTHa GeTa-MoTyxHicTb y BinBeneHHi F4, MkB2 Iy 6,7+25 20 0,05 78+43
Absolute beta-power in F4 lead, pV2-Hz-1

AbconioTHa BeTa-NoTyXHICTb Y BineneHHi C4, mkB2-Ty! 56 *2,2 -2,0 0,04 6,5+ 3,7
Absolute beta-power in C4 lead, uV2-Hz-1

BigHocHa cymapHa TeTa-akTuBHICTb, % 23,8 £6,0 -1,3 0,2 25,1 =57
Relative integral theta-power, %

BimHocHa cymapHa anbda-akTuBHICTb, % 33,5+ 10,3 1,3 0,2 31,3+£89
Relative integral alpha-power, %

BinHocHa cymapHa GeTa-akTuBHICTb, % 143 +3,8 -1,7 0,09 154 +£43
Relative integral beta-power, %

CniBBigHOLLEHHS BiHOCHOI CyMapHoi fieNbTa- i 6eTa-aKTUBHOCTI 0,6=+0,2 -1,6 0,1 0,7+0,2
[0 BiJHOCHOI CyMapHoI anbga- i TeTa-akTuBHOCTI (DB/AT), %

Ratio of relative integral delta-activity and beta-activity to relative

integral alpha-activity and beta-activity (DB/AT), %

CniBBigHOLLEHHS aBCOMOTHOI CyMapHOI fieNbTa- i GeTa-noTyXHOCTi 0,7x0,2 -1,7 0,1 0,702

[10 aBCONIOTHOI CyMapHoi anbda- i Teta-noTyxHocTi, (DB/AT), MkBZ !
Ratio of absolute integral delta-activity and beta-activity to absolute
integral alpha-activity and beta-activity (DB/AT), uV?-Hz'!

YacTOTH Y TIpaBiii, HeIOMiHaHTHIl, remicdepi - 3i 3MeH-
IIeHHSIM HeBepOasibHOTrO 1Q.

OTtpuMaHi pe3yJbTaTd MOXYTh CBIIYUTH MpPO MOPY-
LIEHHSI KOPTUKAJILHO-TiIMOIYHOI CUCTEMU, ITIEPEBAXKHO Y
JOMiHAHTHIi (JiBii1) remicdepi y mpeHaTtaabHO OII-
poMiHeHux oci6. TToTeHUiitHUM HeipopaaioeMOpiosio-
MYHUM MeEXaHi3MOM ILIUX 3HaXiIoK MOXe OyTU Iopy-
ILIEHHS TiITOKaMIIaJbHOTO HEepOTeHe3Yy.

frequency in the right, non-dominant, hemi-
sphere, was linked to decrease in non-verbal 1Q.

Obtained results may indicate the disorders in
cortical-limbic system, mostly in a dominant
(left) hemisphere in prenatally irradiated indi-
viduals. Abnormal hypocampal neurogenesis
may be a potential neuroradioembryological
mechanism here.
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in exposed persons.
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BUCHOBKU

1. Ha ctBOpeHiii mMopeni BHYTPiLLIHBOYTPOOHOTO OIl-
poMiHeHHs 11ypiB Bictap 'l muisixoM omHOPa30BoTo Te-
popajibHOro BBeleHHsS Ha 11—12-Ty moOy recramii
pamioHyKJIiay akTuBHicTIO 27,5 KBK (1032 Ha IIUTO-
noaioHy 3an03y miony ckiana (0,72 £ 0,14) Ip) npose-
JIEHO JOCJIJIKeHHSI 3 BU3HAUEHHsI HeilpopaaioeMOpio-
JIoTiyHUX e(eKTiB y BinganeHoMmy nepiofi — y 8—10-Mi-
CSYHUX TBapMH (1110 TOPiBHIOE BiKy JtoanHu 29—30 po-
KiB). BcTaHOBJIEHI B €KCTIEPUMEHTI 3MiHU B MOBEAiHKO-
BUX peakllisix, y TOMY YKCJIi, 32 TECTOM aKTUBHOTO YHMU-
KaHHS B YOBHUKOBIiI Kamepi, BU3HaUYE€HO 3HUKEHHS BU-
POOKM YMOBHO-peIeKTOPHUX peakiliii, 110 CBiIYUTH
TIPO ITOTIiPIIEHHS KOTHITUBHUX BIACTUBOCTEI MO3KY OII-
POMiHEHUX TBapUH.

2. IlopiBHSIbHA OLIiHKA €KCIIEPUMEHTAIBHUX i KIIiHiu-
HUX padioHeHpo-eMOpioNOTiYHUX POOIT MiATBEPIXKYE
panioBpasznuictb IITHC no aii HaBiTh Maaux 103 iOHI3Y-
ouoi pamianii, 3okpema *'I. Hamri xriHiuHi i1 eKcriepu-
MEHTaIbHi TOCTiIXKeHHSI 0Ci0, BHYTPIIIHbOYTPOOHO OIT-
POMiHEHUX Ha PalioaKTUBHO 3a0pyTHEHMX TEPUTOPISIX
BHacyinok asapii Ha YAEC, B Tomy uucni y YopHo-
OMIBCBHKIM 30HI BiUyXXeHHsI, Y MOPiBHSIHHiI 3 BiAIO-
BimHuMu mozamu Big "'l B eKcriepMMEHTI ITEPEKOHINBO
CBiYaTh MPO HASIBHICTb KOTHITUBHOTO Ae(illUTy i eMo-
LilTHO-TIOBeIiHKOBUX po3ianiB. Ile Moxke OyTu mosicHe-
HO MOPYIIEHHSM TillOKaMIaJIbHOTO HEWpOoreHe3y BHA-
CJIiIOK ONPOMIiHEHHS, y OUTbIIiHi Mipi — P'I.

3. ¥V BHYTpPILIHbOYTPOOHO ONMPOMiIHEHMX Ha PallioaKTUBHO
3a0pyAHEHUX TEPUTOPISIX, Y TOMY YUCITi HOpHOOUIBCHKIl
30HM BiguyxKeHHsI, oci0 y Bili 28—30 pokiB, 30epiraeTbcs
XapaKTepHUI KOTHITUBHUM nedilnuT, SIKWA TOJsIrae y
30epekeHHi BUsIBIeHOI B TUTUHCTBI (10—12 pokiB) nuc-
TapMOHil iHTEJEeKTyaIbHOIO PO3BUTKY 3a PaxyHOK Bil-
HOCHOIO 3HUXXEHHSI BepOaIbHOTO iHTENEKTY B IIOPiB-
HSHHI 3 BiIHOCHMM 3pOCTaHHSIM HeBepOaJbHOIO iHTE-
JIEKTY, 110 MOX€ CBIMYUTU TMPO MUCHYHKIIIIO KOPTUKO-
JIiMOIYHOI CUCTEeMU, OCOOJIMBO, TiMOKaMITy, TOMiHAHTHOL
remicepr. MOXIMBAM YMTHHUKOM IIBOTO €(heKTY € Mpe-
HaTaJIbHUI BIUIMB PaioaKTMBHOTO MOy, 103a in utero Bif
SIKOTO Ha IIUTOMOMIOHY 3aJI03Y € JOCUThH BUCOKOIO.

4. 3HMKEHHS CIIEKTPaabHOI MOTY>KHOCTI TeTa-Iiara3oHy
(4—7 Ti1) GioeeKTpUYIHOI aKTUBHOCTI TOJIOBHOTO MO3KY
y JiBill TOOHO-CKPOHEBIl MIISHIL Y BHYTPIlIHLOYTPOO-
HO OIPOMiHEHUX OCi0 CBIIUUTH MpPO TilTOKaMMaJbHY
IUCGYHKIIO, MepeBaKHO Yy AOMiHAHTHi remicdepi.
BioyoriunnM 6a3ncoM 1ILOro eeKTy MOXKe OYyTH TOpy-
LIIEHHS TiNoKaMNaJbHOIO HEMpOreHe3y BHAC/IIOK Mpe-
HaTaJIbHOrO i MOCTHATAJbHOIO OMpOMiHeHHS. MoKu-
BUM YMHHHUKOM IIBOTO e(PeKTy € MpeHaTaJIbHUIA i TTOCT-
HaTaJbHUI BIUIUB paliOaKTUBHOIO HO.IY.

CONCLUSIONS

1. Study to determine the neuroradioembryologi-
cal effects in remote period, namely in 8—10-
months old animals (corresponding to about
29-30 years old humans), was conducted on the
created model of in utero "*'I-irradiation of Wistar
rats by a single oral administration of radionuclide
with activity of 27.5 kBq at the 11—12 days of ges-
tation (fetal thyroid dose (0.72 = 0.14) Gy).
Changes in behavioral reactions including the test
of active avoidance in a shuttle box and decreased
development of conditioned-reflex reactions indi-
cating a deterioration of cerebral cognitive proper-
ties in irradiated animals were established in
experiment.

2. Radiation vulnerability of the central nervous sys-
tem to even low-dose ionizing radiation, in particular
of *'I, was proven in a comparative review of experi-
mental and clinical neuroradioembryological re-
search data. Our clinical and experimental study
results in persons irradiated in utero in contaminated
territories after the Chornobyl accident including the
Chornobyl exclusion zone in comparison with effects
of corresponding *'I doses in experiment convinc-
ingly testify to the presence of cognitive deficit both
with emotional and behavioral disorders. This may
be explained by abnormal hypocampal neurogenesis
due to irradiation with a greater extent to "*'I.

3. The characteristic cognitive deficit persist in
persons aged 28—30 years been irradiated in utero
in contaminated territories including the
Chornobyl exclusion zone. Namely, there is a per-
sisting disharmony of intellectual development
discovered in a childhood (in 10—12 years) due to
the relative decrease of verbal of intelligence unlike
the relative increase of non-verbal intelligence that
can indicate a dysfunction of cortico-limbic sys-
tem, especially hippocampus, in dominant hemi-
sphere. Prenatal impact of radioactive iodine with
rather high in utero thyroid dose can be a possible
factor here.

4. Decreased theta-band (4—7 Hz) spectral power
of cerebral bioelectric activity in the left fron-
totemporal region in persons irradiated in utero
points to the hypocampal dysfunction predomi-
nantly in a dominant hemisphere. Abnormalities
in hypocampal neurogenesis due to prenatal and
postnatal irradiation can be a biological basis of
this effect. Prenatal and postnatal impact of
radioactive iodine is a possible causative factor
here.
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5. IHHOBaLiliHI MiAX0AM JO coLiaJibHOI aganTallii, IIcu-
XomnpodilakKTUKKU Ta McuxopeadiniTalii MoasiraloTb y
MPUHIINAIL MAKCUMAaJIbHO €(DEKTUBHOIO BUKOPUCTAHHS i
PO3BUTKY CaM€ THUX IICHXOJIOTIYHMX Ta KOTHITMBHUX
BJIACTUBOCTEM MOCTpaxKaaauX, siKi B HUX HaOIbII PO3-
BUHYTI. B ocCBiTIHCBKO-TIpodopi€eHTaLIiliHili POOOTI 3
BHYTPIilIHbOYTPOOHO OIPOMiHEHMMU OCOOAMU CJIiJl BU-
KOPUCTOBYBaTH TMOTEHIIiaJl BiTHOCHO 30iJbIIIEHOTO He-
BepOasibHOTO iHTeNeKTy. [lcuxonoriyHi Ta mcuxortepa-
MEBTUYHI BTpyYaHHsI MalOTh OYTU 30CEpEeIXKEHi Ha TeX-
HiKaX 0COOMCTICHOTO POCTY i KOTHITUBHO-MOBEAiHKOBI
tepamnii. PapMakoJIOriyHi BTpy4YaHHsI IOLIJIbHI JIAIIE
MpY HASIBHOCTi COMAaTOHEBPOJOTIUHUX i ICUXiYHUX PO3-
JIafiB.
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