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T'OJIOBHU MO30OK TA OPTAH 30PY SIK IIOTEHIIIMHI MIIIEHI
JUIA BINIMBY IOHI3YIOYOI'O BUITPOMIHIOBAHHA.

Yactuna I. HEPEBPOO®TAJIBMOJIOTTYHI EOEKTA
OINPOMIHEHHA B YYACHUKIB JIKBIJALIII HACJIIJIKIB ABAPII
HA YAEC

MepepymoBa. IoHi3ytoue BUNPOMiHIOBAHHS MOXeE BNAMBATU HA FOJIOBHUI MO30K Ta OpraH 30py, BUKIUKAKOYN KOTHi-
TWBHI Ta 30pOBi po3nafu, NOPYLWEHHA NOBEAIHKM Ta 3HUMKEHHS NpaLe3aaTHOCTi npu npodeciiHOMy ONpOMiHEHHT B
MeAMyHii papionorii, 30Kkpema, Npu iHTEPBEHLINHMX PafioNnoriyHUX npouepypax, TPUBAANX KOCMiYHUX NOAbOTAX i
MOXNMBUX pajiauiliHux aBapiax.
MeTa. MeTolo faHOrO LMKAY POGIT € aHaNi3 Cy4aCHUX eKCNepUMeHTaNbHUX, enifemMioNoriyHmnX i KNiHiYHUX JaHUX CTO-
COBHO papiauiiHux LepebpoodTanbMonoriyHnx edekTis.
Marepuanu Ta metopm. Y HawoMy aHaniTM4HOMY ornagi Gynu BUKOpUCTaHi pelieH30BaHi ny6nikalii 3 6ibniorpacdiv-
HUX i HayKomeTpuyHux 6a3 PubMed/MEDLINE, Scopus, Web of Science, 3 6i6niotekn HHLIPM — npoBigHoi ycTaHOBM B
rany3i BUBYEHHS MeAUUYHMX edeKTiB BM/IMUBY i0HI3yI0UYOr0o BUNPOMiHIOBAHHS.
Pesynbratu. IMoBipHi LlepebpoodTanbMonoriuHi eekTn y Aopocanx oci6 BknoyaloTh paialliitHy kaTapakTy, npome-
HEBY IMayKoMy, pafioiHAyKOBaHy 30pOBY HeBpOMNarito, peTMHONATIi, aHrionatii Ta cneundiyHnin HENPOKOTHITUBHUI
aediuuT npu pisHOMaHiTHI HeMpoNCMXiaTpMyHii naTonorii, BKtoYatouM LepebpoBacKkynspHy naTosoriio i Helipoae-
reHepaTUBHi 3axBoptoBaHHsA. 0co6aMBa yBara NpuAiNnAeTbCA MMOBIPHOMY CTOXaCTUYHOMY XapaKTepy 6araTbox Takux
etekTie. 0cobu, fKi 3a3Hanu BNINBY 10HI3yl0YOr0 BUNPOMiHIOBAHHS BHYTPilIHbOYTPOOHO Ta B AUTAYOMY Billi, € 0C00-
JIMBOIO LiNbOBOIO TPYNOL0, KA MA€E GiNbL BUCOKMI PU3NK MOXNMBUX pPagialinHux edekTiB i HelipogereHepaTMBHUX
3aXBOPIOBaHb.
BucHoBKM. HaBegeHO ekcnepumeHTanbHe, KNiHiYHe, enigemionoriyHe, aHaToMiyHe Ta natodisionoriyHe o6rpyHTY-
BaHHA PajAioyyTAMBOCTI 30pOBOr0 aHani3atopa i LeHTpanbHOi HepBoBOi cucTeMu. O6rpyHTOBaHa HeobXigHicTb no-
AanblWnX [OCNiMKEHb 3 aIEKBATHUM [JO3UMETPUYHUM CYNPOBOLOM Ta TPUBANUM MEANYHUM i 6I0(DI3UYHUM MOHITOPUH-
FOM KOFOpPT BMCOKOrO PaAialiHOro pU3MKy, 30KPEMA, AN OLTHKM MOXIWUBUX MEXaHi3MiB PO3BMTKY MATONOMIYHUX
3MiH. Y nepuwiit YacTUHi LOCNiIMKEHHS BUKNAZEHT pe3ynbTaTi BUBYEHHSA HACTIAKIB ONPOMiHEHHSA YYaCHUKIB aBapiiHUX
po6iT Ha YAEC.
KniouoBi cnoBa: ioHi3ytoue BUNpPOMiHIOBaHHA, LepebpoodTanbMonoriyHi edekTn, HeMpOKOrHITUBHUI [ediumT,
pagiauinHa aBapis, pafialliiHa KaTapakTa, MakynspHa gereHepalis.
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BRAIN AND EYE AS POTENTIAL TARGETS FOR IONIZING
RADIATION IMPACT.

Part I. THE CONSEQUENCES OF IRRADIATION OF THE
PARTICIPANTS OF THE LIQUIDATION OF THE CHORNOBYL
ACCIDENT

Background. Exposure to ionizing radiation could affect the brain and eyes leading to cognitive and vision impair-
ment, behavior disorders and performance decrement during professional irradiation at medical radiology, including
interventional radiological procedures, long-term space flights, and radiation accidents.
Objective. The objective was to analyze the current experimental, epidemiological, and clinical data on the radia-
tion cerebro-ophthalmic effects.
Materials and methods. In our analytical review peer-reviewed publications via the bibliographic and scientomet-
ric bases PubMed / MEDLINE, Scopus, Web of Science, and selected papers from the library catalog of NRCRM - the
leading institution in the field of studying the medical effects of ionizing radiation — were used.
Results. The probable radiation-induced cerebro-ophthalmic effects in human adults comprise radiation cataracts,
radiation glaucoma, radiation-induced optic neuropathy, retinopathies, angiopathies as well as specific neurocog-
nitive deficit in the various neuropsychiatric pathology including cerebrovascular pathology and neurodegenerative
diseases. Specific attention is paid to the likely stochastic nature of many of those effects. Those prenatally and in
childhood exposed are a particular target group with a higher risk for possible radiation effects and neurodegener-
ative diseases.
Conclusions. The experimental, clinical, epidemiological, anatomical and pathophysiological rationale for visual
system and central nervous system (CNS) radiosensitivity is given. The necessity for further international studies
with adequate dosimetric support and the follow-up medical and biophysical monitoring of high radiation risk
cohorts is justified. The first part of the study currently being published presents the results of the study of the
effects of irradiation in the participants of emergency works at the Chornobyl Nuclear Power Plant (ChNPP).
Key words: ionizing radiation, cerebroophthalmic effects, neurocognitive deficit, radiation accident, radiation
cataracts, macular degeneration.
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BCTVYII INTRODUCTION

Ha croroaHi 3araibHOBU3HAHO, 1110 TOJOBHMIA MO30K Ta At present, it is well-recognized that human brain
OKO JIIOIMHM € paiouyTJIMBUMH i pagioBpa3nuBuMu op-  and eyes are radiosensitive and radiovulnarable
raHamu. loHizytoue BunpomiHtoBaHHs (IB) BrmuBae Ha  organs. Exposure to ionizing radiation (IR) could
MO30K i OYi Ta TIPWU3BOAWTHL IO KOTHITUBHMX i mo-  affect the brain and eyes leading to cognitive and
BeiHKOBUX MOPYIIEHb, 30pOBUX PO3JIaJliB Ta 3HMXKEHHsI  vision impairment, behavioral disorders and per-
Mpare3a1aTHOCTi. formance decrement.
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TonoBHUIT MO30K — BHCOKOIUGEPEHIIIHOBAaHWIA OpraH,
SIKOMY TIpUTaMaHHa 3HIDKEHA MITOTUYHA aKTUBHICTbD, YII-
POIOBX TPUBAJIOTO Yacy BBaXKAaBCSI PaliOpe3VCTCHTHUM.
AJie HOBI JaHi 11100 TTOPYLLIEeHb HEIpOoreHe3y B TinoKaMITi,
3MiH TEJIOMEPO-TEIOMEPA3HOIO0 KOMILIEKCY, eKCIpecii
TeHiB 1 HEMPOCUTHAIIOBAHHSI, aIloITO3y, Heipo3amnaibHol
BiIMOBIAi, ayTOIMyHHUX peakliiii TOIIO 3aCBiTYMIU MOX-
JINBICTh PO3BUTKY paioliepeOpabHIX e(DeKTiB, OMMCAHNUX
OCTaHHIM 4acoMm B JliTepaTypi. 30Kpema, MoKa3aHo, 11O
MaJti 1031 ioHi3ytouoi pamiatii (IP) MOXyTh CIpUYMHUTA
K IETepPMiHOBaHi, TaK i CTOXaCTWYHI 1epeOpoodTaTbMO-
JoriyHi edpekt. CToxacTU4HI pamiolepeOpaibHi eheKTH
Manux 103 [P, okpiM paky, BKITIOYaloTh LIEpeOpOBaCKYJISIPHI
Ta HelipoaereHepaTMBHI 3axBoproBaHHs [1—10].

Kpuinraiuk BBaXKa€eTbCsl OMHIEIO 3 HAKOUIbLI pamio-
YyTIUBUX TKaHUH JoauHu [11]. Pagiawifina katapakra,
BimoMa sIK pamiatiitHuii edext 3 1896 p., BBaxkasach Jie-
TEPMiHICTUUHUM e(PEKTOM 3 BUCOKUM (10 6 Ip) mopo-
roM gpo3u [12—14]. Ha cboromHi pamialiiiiHa KatapakTa
BU3HAETHCS MATOJIOTIEO, 1110 PO3BUBAETHCS IIpU Habara-
TO HMKYMX PIBHSIX OIPOMIHEHHSI Ta MAa€ PUCHU CTOXAC-
TUYHOro edekrty. JloBeaeHo, 1110 iHIli BUAX KaTapaKTH,
0C00JIMBO iHBOJIIOLIIMIHA KaTapaKTa, Ta HalMoLIMpeHila
MaTOJIOTis CiITKiBKM — BiKOBa MaKyJIsipHa JAereHepalis —
TaKOX € pafdialliliiHO-acoliiioBaHUMM, HABIiTh MPU BILJIN-
Bi maynux no3 IP [15, 16]. MixHapoaHa KoMicis 3 pamio-
norignoro 3axucty (MKP3, The International Commis-
sion on Radiological Protection, ICRP) 3aminuna pai-
1lIe BXXMBaHi TEPMiHU «HECTOXaCTUYHUI» ab0 «IeTepMi-
HiCTUYHU» edekT [17] Ha iHIIMHA — «TKaHWHHA peak-
wist». TKaHMHHI peakliii € pe3yJbraToM MOLIKOMXEHHS
MOy KIITHUH i XapaKTepU3YIOThCS [TOPOTOM, HIUKYE
SIKOTO He BindyBaeTbhcs xkoaHoro edekry [18, 19]. MKP3
(2012) 3a3Haumnia, 110 «CJif 3BepHYTU OCOOJIMBY yBary
Ha pafmiaiiiiHi e(peKTH B KPUIITAIMKY OKa i ceplieBO-Cy-
JUHHIN CUCTeMi, OCKiJIbKM B OCTaHHIiX ITyOJiKallisix €
JaHi Mpo pandialiiitHo OOYMOBJIEHI 3MiHU B IIMX CUCTE-
Max, 110 BUHUKAIOTh MPU il 3HAYHO MEHIIMX 103, HixX
noBimomisiiocst padimie» [19]. byno migkpecieHo, 1110
OINMPOMiHEHHS Yeperna BUKIMKAE Y JTIOAUHU TOCTOBIpHO
MiIBUILEHI PU3UKY BUHUKHEHHSI KaTapakKTH, Liepedpo-
BaCKYJISIPHUX 3aXBOPIOBAaHb i 3JI0SIKICHMX YypaXkeHb IO-
JIOBHOTO MO3KY [20].

ITy6nixkawis MKP3, npucBsueHa TKAHUHHUM peakilisM,
€ TIEpIIIoI0, SIKa BU3HAUMJIA CEPLIEBO-CYyIMHHI Ta 1Iepedpo-
BaCKYJISIpHi 3aXBOPIOBAHHS SIK paialliiiHo 00yMOBJIEHY Me-
JUYHY TTpo0JIeMy, a TAKOXX BCTAHOBUJIA TIOPOTOBi 3HAYEHHS
pafgialiifHOro orpoMiHEeHHS JIJ1s TOJIOBHOTO MO3KY [21].

Ha ti HoBUX enineMionioriyuHux gaHnx MKP3 Bu3zHa-
yuia AesKi TKAaHMHHI peakilii, 1151 SKUX MOPOToBi 103U €
ab0 MOXYTb OYyTM HMXXYMMM, HiXX BBaXKajoCh paHille.

Brain, a highly differentiated organ with low
mitotic activity, was assumed to be radioresistant.
However, new data on the disruption in hippocam-
pal neurogenesis, telomeric-telomerase complex
changes, gene expression and neurosignaling alter-
ations, apoptosis, neuroinflammation, autoim-
mune reactions, etc. have proved the possibility of
the development of radiocerebral effects recently
described in literature. Specifically, the low doses
of IR can cause both deterministic and stochastic
cerebro-ophthalmic effects. The stochastic radio-
cerebral effects of low doses of IR, except for can-
cer, embody cerebrovascular and neurodegenera-
tive diseases [1—10].

The eye lens is considered to be among the most
radiosensitive human tissues [11]. Radiation ca-
taract, being well-known as a radiation effect since
1896, and previously considered as a deterministic
effect with a high (up to 6 Gy) dose threshold
[12—14], At present it is recognized as a pathology
that is developed at much lower levels of irradia-
tion than previously thought, and may have fea-
tures of a stochastic effect. It is proved that other
types of cataracts, especially involute cataract, and
the most common retinal pathology age macular
degeneration are also radiation-associated effects,
even when exposed to low doses of IR [15, 16].
The International Commission on Radiological
Protection (ICRP) replaced the previously used
terms «non-stochastic» or «deterministic» ef-
fects [17] by another one — «tissue reaction».
Tissue reactions result from injury to populations
of cells, and are characterized by a threshold below
which no effect would occur [18,19]. ICRP (2012)
noted that «special attention should be paid to the
radiation effects in the lens of the eye and the car-
diovascular system, as in recent publications there
is evidence of radiation effects in these systems at
much lower doses than previously reported» [19].
It was emphasized that cranial irradiation in
humans induces a significantly increased risk for
eye lens cataract, cerebrovascular diseases, and
brain cancer [20].

The ICRP statement on tissue reactions was the
first to determine cardiovascular and cerebrovas-
cular diseases as a health hazard of radiation expo-
sure and to assign threshold doses of IR for the
brain [21].

In the light of new epidemiological data ICRP
determines some tissue reactions where threshold
doses are or may be lower than those previously con-
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s KpuITajrKa BCTAHOBJICHO HOBUIA MOPIT MOTJIMHY-
toi 1031 — 0,5 I'p, U1g 3aXBOPIOBAaHb CUCTEMU KPOBO-
00iry, cepis i TOJIOBHOIO MO3KY IOPIir MOTJIMHYTOI 4031
Takox Moxe craHosutu 0,5 I'p [22].

Edextn 6ioJloriYyHOro OMpoMiHEHHST B MeEAWYHil
pamioorii pO3NoAiISIOTECS HACTYITHUM YMHOM: e(heKTH
HI3bKUX 1103 (< 100 M3B), 9K IpaBUIIO, CITOCTEPIralOTh-
Ccs IpU TOCTPOMY MEIMYHOMY HiarHOCTUYHOMY OIN-
poMiHeHHi; edpexkTn momipHux 103 (100—1000 m3B), sKi
BiI3HAYAIOTHCS IIPU XPOHIYHOMY ITOBTOPIOBAaHOMY abo
KYMYJISITUBHOMY TIpodeciiiHOMY QpaKIifHOMY OII-
POMiHEHHi, HAIMPUKJIAJ, Y iHTepBEHUIMHUX PamiooTiB;
epektn BUcOKMX 103 (> 1 3B abo 1 Ip), mobpe
nociigkeHi B pagiorepanii [20]. KuiHiuHi Ta ekcnepu-
MEHTaJIbHI JOCHiAXeHHs cBiguaTh, 1wo IB HaBiTh ¥y
Jiara3oHi MaJuX I103 MPU3BOAUTH A0 MiABUILEHOIO PU-
3UKY paKy Ta MOXJIMBUX HEOHKOJIOTIYHUX e(DEKTiB, 30K-
peMa, aTepOCKIIEPOTUYHUX, KapmioBacKYISIpHUX, Iie-
peOpOBaCKyNSIpHUX i HelpomereHepaTUBHUX e(QeKTiB.
[ToBimomasieThesl Mpo pafdiallilfiHO-acolliifoBaHUIA aTlomn-
TO3, Hellpo3amajeHHsl, BTpaTy ITONEepPEeIHUKIB OJIiroae-
HAPOLMTIB i Mi€JTiIHOBUX O0OJIOHOK, a TAKOXK MOPYILIEH-
Hs1 HeviporeHesy [1-3, 7]. yonikauisg 118 MKP3 [19]
BU3HAYMJIa OOWH i TOW CaMHUil TMOpIr s KaTapakTu i
CEepLEeBO-CYAMHHUX 3aXBOPIOBAaHb HE3aJIEXHO Bil
nepiogy onpoMiHeHHsT (TOOTO IJisl TOCTPOro, (ppakiliii-
HOTO/TPUBAJIOTO i XpOHiuHOTO onpomineHHs B 0,5 I'p gk
JIJIsl KaTapaKTH, Tak i JIsT XBOPOO CUCTEMU KPOBOOOITY,
HE3JIEXHO Bill IIBUAKOCTI MOMIMHAHHS 103M). [1y0rti-
Kauig 118 MKP3 ouiHoe KaTapakTy i 3aXBOpPHOBaHHS
CUCTEMM KPOBOOOIry sIK TKAHMHHI peaxliii, IIpoTe BBa-
JKa€, 10 1i e(heKTU MOXYTh MaTH CTOXaCTUYHMIA XapaK-
Tep. BU3HaeThCs, 110 MEeXaHi3M KaTapaKTOreHe3y € He
MOBHICTIO BUBYEHMM, a NATOTCHETWYHi IpOIeCH, IO
O0OYMOBJIIOIOTh 3aXBOPIOBAHHSI KPOBOOOIry, BimoMi 1ie
MeHIle. HarosolnyeTbcsl Ha BaXXKJIMBOCTI MOAAJIBIIIOTO
YAOCKOHAJIEHHs OOCHiIHULBbKUX CTpaTerii mjisi po-
3yMiHHS HiATPYHTS UMX MeXaHi3MiB [21, 22].

PesynbraTu gocnigkeHb y NOMyasLisiX, siKi 3a3Haau Iil
IB, cBimuath mpo mo303a1ekHy KaTapakTy, OOyMOBIIEHY
3HaYHO MeHIMMHK go3amu (< 2 I'p), HIX 3a3HAYEHO B
HacTaHoBax 3 papiauiiHoro 3axucty [23]. OmHak,
KOTHITUBHi, TCHUXOJOriYHI Ta HEPBOBO-TICUXiaTpUUHi
edexTu Oyn1u 100pe onucaHi mpu 103ax, 110 BUKOPUCTO-
BYIOTbCS B TPOMEHEBili Tepamii, ajie He Tpu MoO-
MipHUX/HU3BKUX H03axX [24]. BrumB Hu3pkux 103 1B Ha
0KoO [25] Ta Mo3koBo-crienndiuny MikpoPHK-134 [26]
OyJ10 BCTaHOBJIEHO B iHTepBEHIIiHHUX paaiojoriB. MeTa-
0OJiuyHI XapaKTEpUCTUKM paialliiiHO-iHIyKOBAaHOTO
VIIKOIIKEHHSI TOJIOBHOT'O MO3KY, BCTAHOBJICHI B pe3yJib-
TaTi TPUBAJIOTO CIOCTEPEKEHHS ITiC/sI MPOMEHEeBOI Te-

sidered. For the lens of the eye, the new absorbed
dose threshold is now set to 0.5 Gy and for circula-
tory disease the absorbed dose threshold in the heart
and brain may also be as low as 0.5 Gy [22].

The biological radiation effects in medical radi-
ology can be designated as follows: low dose
effects (<100 mSv), generally observed in acute
medical diagnostic exposures; moderate dose
effects (100— 1000 mSv) effects, reached in
chronic repetitive or cumulative professional frac-
tionated exposures, for instance in interventional
radiologists; and high dose (>1 Sv or 1 Gy expo-
sure) effects, especially investigated in radiothera-
py [20]. The clinical and experimental studies
have reported that IR exposure, even in low doses
range, leads to an increased risk of cancer and
possible non-oncological outcomes, including
atherosclerotic, cardiovascular, cerebrovascular
and neurodegenerative effects. The radiation-
associated apoptosis, neuroinflammation, loss of
oligodendrocytes precursors and myelin mem-
branes, as well as neurogenesis disruption, are
reported [1-3,7]. ICRP-118 [19] assigned the
same threshold for both cataracts and circulatory
disease irrespective of the duration of irradiation
(i.e. acute, fractionated/protracted and chronic
exposure the same threshold of 0.5 Gy for both
cataract and circulatory disease irrespective of the
rate of dose delivery). ICRP-118 judges cataracts
and circulatory disease as tissue reactions, but also
considers that these effects may be of a stochastic
nature. It is assumed that the mechanism of
cataractogenesis remains incompletely under-
stood, and much less is known about circulatory
diseases pathogenesis. The necessity for the future
research strategies improvement in order to com-
prehend the basis of these mechanisms is high-
lighted [21, 22].

The results of studies in populations exposed
to IR indicate dose-related cataracts condi-
tioned by much lower doses (<2 Gy) than indi-
cated in radiation protection guidelines [23].
However, cognitive, psychological and neu-
ropsychiatric effects have been well-described at
doses used in radiation therapy, but not at inter-
mediate/low ones [24]. The effect of low doses
of IR on eye [25] and cerebral specific
microRNA-134 [26] was established in inter-
ventional radiologists. The metabolic character-
istics of radiation-induced brain injury through
a long-term follow-up after radiation treatment
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pamii 3 BUKopuctaHHsIM TpoToHHOI (1H) simepHOi Mar-
HiITHO-pe30HaHCHO1 cnekTpockomii (MRS) in vivo,
BKJIIOYAIOTh 3HAYHi 3MiHM CIIiBBiZHOILIEHb N-aleTuaac-
napTtat/xojiiH (NAA/Cho) i xonin/kpeatuHid (Cho/Cr)
MiX JUTSTHKOIO TiITOKaMITy OITPOMiHEHOT ITiBKYJIi Ta KOHT-
pajilaTepajbHOl MiBKyJi TojJlJoBHOTO MO3Ky. Kpim Toro,
icToTHi BimMiHHOCTI y cmiBBimHOmeHHIX NAA/Cho i
NAA/Cr 306epiraaucst mpoTsAroM TpuBajioro vacy [27].
ExcniepyMeHTanbHI JOCTIIKEHHSI HAa TBapMHAaX JI€MOH-
CTPYIOTb, 1110 TOCTpe ab0 XpOHIYHE OMPOMIHEHHS B Ma-
mmx go3ax (LDIR) (< 100 mM3B) a6o IB 3 HU3BKOIO T10-
tyxHicTio no3u (LDRIR) (< 6 M3B/roa) MoxXyTb OyTH
KigTMBUMU. ONPOMiHEHHS iHIYKY€E TeHeTUYHI Ta erli-
TEHETUYHI 3MiHU i MOB’S3aHE 3 HU3KOIO (i3i0J0riUHUX
NopylleHb, SKi BK/IOUYAlOTh 3MiHM IMYHHOI CUCTEMU,
aHOMAaJIbHUI pO3BUTOK MO3KY 3 IOAAJIbIINMU KOTHITUB-
HUMM TIOPYLIEHHSIMM, KaTapaKTOTeHe3, aHOMaJlbHUit
PO3BUTOK €MOpioHa, 3aXBOPIOBAHHSI CUCTEMHU KPOBO-
00iry, 30iUIblLIIEHHSI Baru, rnepeadyacHy MeHomaysy y ca-
MUIIb, TYMOPOTEHE3 i CKOpOUYEHY TPUBAJIiCTh XKUTTS [28].
EnigemMiosioriyHi Ta KJIiHiYHi JOCTiIXKEHHS CBig4aTh PO
te, 1o BruiMB LDIR a6o LDRIR MoxXe cCipyUYMHUATY OH-
KOJIOTiUHY TaTOJIOTi0, BPOJXKEHI MOPYLLIEHHS, CepLEeBO-
CYIMHHI i 1IepeOpoBacKyJIsIpHi 3aXBOPIOBaHHSI, KOTHi-
TUBHI Ta iHIIIi HEPBOBO-TICUXiYHi pO3/aaM, KaTapakTy Ta
iHIII OYHi XBOPOOU, COMATUYHY IaTOJIOTiO (PO3/aau eH-
JTOKPWHHOI, TUXaJIbHOI, TpaBHOI Ta iHIIMX cucTteM) [8,
26]. TuroBa martoJiorisi, acoliiioBaHa 3 BIJIMBOM 10HI3y-
I0YOTO BUITPOMIiHIOBaHHS, ITiCJ OpraHo30epiraloumx
ornepalliii y moenHaHHi 3 BIULIMBOM BUCOKOJI030BOTO OIl-
POMiHEHHSI MPOTOHAMM MPU JIiKyBaHHi MEPBUHHOI ajae-
HOIAHOT KiCTO3HOI KapIIMHOMU CJIi3HOI 3aJI03M BKJIIOYA€E
MOIIKOIKEHHSI MO3KY, PETUHOTIATiI0, HEWpPOIaTiio 30p0-
BOrO HEpBa, KepaTornarito Ta karapakty [29]. HoBi MmeTo-
JIM JiKyBaHHSI IyXJIMH TOJIOBHOI'O MO3KY, TaKi SIK paaioTe-
parist MO3KYy, 1lIaJiHa JO TilTOKaMITy, CIIPSIMOBAaHi Mepli 3a
BCe Ha 30epexXeHHS HEHPOKOTHITUBHUX (YHKILNA y
nauieHTi [30, 31].

BBaxaetnbcsl, 1110 310poBa CiTKiBKa 3a3HA€ 3HAUHUX I10-
OiuyHUX edeKTiB, MOB’I3aHUX 3 10HI3YIUOIO pafdialli€lo, i
3HAHHS MaTo(i3ioN0TiYHOI peakilii KIiTUH CiTKiBKM Ha
iOHi3yloue BUIIPOMiHIOBAHHS MOX€E OyTU KOPUCHUM IS
PO3pPOOKN MOXKIIMBHUX CTpaTeTiit MpodiJaKTUKHU i BIUTUBY
Ha pagioTOKCUYHICTH [32].

TakuMm 4yMHOM, BM3HAuY€HHs HelpodizionoriyHoi oc-
HOBM LIepeOpoodTaTIbMONOTIYHUX e(PEKTIB Y BiagaaieHUR
nepioj Mmicas BIUIMBY MaluX A03 iOHiI3yOUOIo BMII-
POMIHIOBaHHS € HaA3BUYAHO BaXKJIMBOIO MPOOJIEMOIO B
rajysi pamialiiHolT MEAULIMHY i paaiobiosorii, Heiporm-
cuxiaTpii Ta opTaaIbMOJIOTII.

using proton (1H) nuclear magnetic resonance
spectroscopy MRS in vivo comprise significant
changes in the ratios of N-acetylasparta-
te/choline (NAA/Cho) and choline/creatinine
Cho/Cr between the hippocampus region of the
irradiated hemisphere and the contralateral
hemisphere. Moreover, there were significant
differences in NAA/Cho and NAA/Cr ratios
persisting over time [27]. The animal experi-
mental studies demonstrate that acute or
chronic low-dose IR (LDIR) (£ 100 mSv) or
low-dose-rate ionizing radiation (LDRIR)
(<6 mSv - h'") exposure may be harmful. Irradi-
ation induces genetic and epigenetic changes
and is associated with a range of physiological
disturbances including altered immune system,
abnormal brain development with resultant
cognitive impairment, cataractogenesis, abnor-
mal embryonic development, circulatory dis-
eases, weight gain, premature menopause in
female animals, tumorogenesis and shortened
lifespan [28]. Epidemiological and clinical
studies show that LDIR or LDRIR may induce
cancer, congenital abnormalities, cardiovascu-
lar and cerebrovascular diseases, cognitive and
other neuropsychiatric disorders, cataracts and
other eye and somatic pathology (endocrine,
bronchopulmonary, digestive, etc) [8,26].
Typical radiation morbidity following globe-
preserving surgery combined with high-dose
proton beam radiation in treating primary ade-
noid cystic carcinoma of the lacrimal gland
comprises brain injury, retinopathy, optic neu-
ropathy, keratopathy, and cataract [29]. The
new methods of brain tumors treatment, such as
Hippocampal-Sparing Whole Brain Radiothe-
rapy primarily aim to preserve neurocognitive
functions in patients [30, 31].

Healthy retina is believed to undergo signifi-
cant radiation-related side effects and the know-
ledge of pathophysiological response of retinal
cells to IR could be useful to design possible
strategies of prevention and management of ra-
diotoxicity [32].

Thus, the determination of the neurophysiolog-
ical basis of cerebro-ophthalmic effects in the
remote period following exposure in low doses
range of IR is an extremely important problem in
the fields of radiation medicine and radiobiology,
neuropsychiatry and ophthalmology.
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META

MeTo10 AAHOTO AHATITUYHOIO OMNISIAY € MOCHiIKEHHS
CydyaCHHUX eKCHepUMeHTaJlbHUX, eIigeMioJoTiYHMuX i
KJHIYHUX JAHUX CTOCOBHO pafdialliiHUX Lepedpood-
TaJIbMOJIOTiYHUX €(heKTiB.

MATEPIAJIN I METOJIN

3arajioM 3a3HayeHi edekTH OyaM MpoaHaji30BaHi 3a
PI3HOMaHITHUX ClLIEHaPilB ONPOMiHEHHS B Pi3HUX MOIY-
nguigx. Ilepira yacTiHa omisiay MPUCBSYEHA 30KpEMa,
IX TEOPETUYHOMY, KJIIHIYHOMY i MPaKTUYHOMY 3HAUYEH-
HIO, a TAKOX 1X iHTerpallii 3 JaHUMHU, 3i0paHUMU aBTOpa-
MU micnst aBapii Ha YopHoOunbcbkiit AEC. ¥V Haimomy
aHaAJliTUMHOMY OIJISIAI OyJM BUKOPUCTaHi pelieH30BaHi
nyo6mikamii 3 6iomiorpadiuHnx i HayKOMETpUYHUX 0a3
PubMed/ MEDLINE, Scopus, Web of Science, 3 6i6.1i0-
tekr HHIIPM — npoBigHOi ycTaHOBM B rajiy3i BUBYEH-
HS MeIMYHUX e(EeKTiB BILUIMBY iOHi3yIOUOTO BUIIPOMi-
HIOBaHHS.

MMATO®I3IOJOITYHE HIATPYHTA

TTAPAJIEJIEN B YPAXXEHHI HEPBOBOI1
CHUCTEMM 1 OPTAHA 30PY B YMOBAX
PAJITALIIVIHOI'O BILIBY

TooBHMIT MO30K Ta 04i TiCHO OB sI3aHi 3 TOUKM 30Dy iX
aHATOMIYHMX i (Pi3ioJ0riYHUX BJIACTUBOCTEN 3a HOp-
MaJIbHUX Ta MaTOJOriYHUX YMOB. Jlesiki aBTopu po3rJisi-
Jal0Th CITKiBKY $IK «BiKHO JISI OL[iIHKM MaTOJIOTii, IMO-
B’s13aHO1 3 XBOpOOOI0 AJjblreiiMepa» (XA) yepes crie-
M@ivHI 119 i€l XBOpoOU 3MiHM B CYAMHHIN cuctemi
CITKIBKH, JeTreHepallilo TaHIJIi03HUX KJIITUH, BUTOHUYEH-
HSI HEPBOBO-BOJOKHMCTOTIO 1Iapy i BTpaTy aKCOHAJIbHUX
MpoeKIiil y 3o0poBoMy Hepsi [33—36]. I'inepcnekTpaib-
Ha Bi3zyanizauist citkiBku (rHSI) Oyna 3amponoHoBaHa
JIJISI HeiHBa3MBHOI'O BMSIBJIEHHSI in Vvivo paHHIX 3MiH,
acouiiioBanux 3 XA [33].

OntnuHa KorepeHTHa Tomorpadis (OKT) Hamae psin
00’€KTMBHMX MOKA3HMKIB, $SIKi JO3BOJISIIOTH PO3Pi3HUTHU
3[I0pOBUX OCi0 Ta TUX, XTO Ma€ HelpoaereHepaTUBHI 3aX-
BoproBaHHS. Tak, XBopoOo-creuudiyHi 3MiHU OY/I1 BUSIB-
JIeHi B CiTKiBLi Ooka Tipu xBopoOi ITapkiHcoHa, XBopoOi
XaHTiHITOHA Ta y XBOpUX Ha poacisiHuii ckiiepos (PC) [34].
Taki Giomapkepn XA, sk B-aminoinHi (AB) Oasmku Ta
rinepdochopunboBanuit 6inok Tay (pTau), criocrepira-
JIUCS y TIOCMEPTHUX 3pa3Kax CiTKiBOK y BUIaIKaX 3a/1aB-
HeHoi i noyatkoBoi XA [35, 36]. IIpu mm3odpeHii croc-
TEPITaloThCS YUCIICHHI CTPYKTYPHI Ta (PYHKITIOHATIBHI TTO-
pYILIEHHSI OpraHa 30py, 30Kpema: PO3LIMPEHHSI BEHYJ
CITKiBKM, CTOHIIIEHHS I1apy HEPBOBUX BOJIOKOH CiTKiBKH,
nogaMiHepriyHi BiAXUAEHHS, aHOMaJlbHe (byHKIIIOHYBaH-
HSl KJIITMH CITKiBKU 3a MOKa3HUKaMU eJIeKTPOPETUHOT-

OBJECTIVE

The objective of the given analytical review is to
explore the current experimental, epidemiologi-
cal, and clinical data on the radiation cerebro-
ophtalmic effects.

MATERIALS AND METHODS

As a result, these effects at different scenarios of
irradiation in various populations, their theoretical,
clinical, and practical significance as well as to
integrate them with the data gathered by the
authors after the accident at the Chornobyl nuclear
power plant were analysed. In our analytical review
peer-reviewed publications via the bibliographic
and scientometric bases PubMed/MEDLINE,
Scopus, Web of Science, and selected papers from
the library catalog of NRCRM — the leading insti-
tution in the field of studying the medical effects of
ionizing radiation — were used.

PATHOPHYSIOLOGICAL BASIS OF
PARALLELISM IN THE NERVOUS SYSTEM
AND ORGAN OF VISION DAMAGE IN THE
CONDITIONS OF RADIATION EXPOSURE
Brain and eye are strongly linked in terms of
their anatomical and physiological properties in
normal and pathological conditions. Some
authors consider retina as a as «a window to
evaluate AD-related pathology» due to specific
AD-related changes in retinal vascular system,
ganglion cell degeneration, nerve-fiber layer
thinning, and loss of axonal projections in the
optic nerve [33—36]. The retinal hyperspectral
imaging (rHSI) was proposed to detect nonin-
vasively early AD-related retinal alterations in
vivo [33].

Optical coherence tomography (OCT) provide a
number of objective parameters allowing to distinct
normal individuals and those with neurodegenera-
tive diseases. Particularly, some disease-specific
changes were found in the retina of Parkinson dis-
ease (PD), Huntington’s disease, and multiple scle-
rosis patients [34]. Such biomarkers of AD as [3-
amyloid (AB) plaques and hyperphosphorylated
Tau protein (pTau) were observed in post-mortem
sample retinas in advanced and early stage cases of
AD [35, 36]. There are multiple structural and
functional disturbances of the eye in schizophrenia
including retinal venule widening, retinal nerve
fiber layer thinning, dopaminergic abnormalities,
abnormal ouput of retinal cells as measured by elec-

95 @



orngaaosi CTATTI

ISSN 2304-8336. [Npobnemu pagiaiiiHol meauunHn Ta pagiobionorii = Problems of Radiation Medicine and Radiobiology. 2020. Bun. 25.

pacii (EPI'), makymomatii Ta peTWHONAaTii, KaTapakTa,
3HUXKEHHSI TOCTPOTU 30py Ta KOCOOKICTb (cTpabizm) [37].
byio nmokaszaHo, 1110 ONTUYHI BAACTUBOCTI OKa BILJIMBAIOTh
Ha po3Mip ITepBMHHOI 30pOBOI KOPH, a 30poBi abepallii He-
raTMBHO BILUIMBaIOTh Ha 00POOKY 30poBoi iHhopMallii [38].
TakuMm 4yMHOM, B3a€EMHI 3B’SI3KU Uepe3 BiChb «OKO-MO-
30K» — BakJIMBa HayKoBa mpo0JyieMa, BUPILIEHHS SIKOi €
3alOpPyKOI0 PO3YMiHHSI MMAaTOreHe3y MOXJIMBUX KOPOTKO-
Ta JOBFOCTPOKOBUX HECIPUSITIMBUX LiepedpoodTaibMO-
JIOTiYHUX e(PeKTiB, cipuurMHeHux 1B.

BpomxeHa agernpuBallisi 30py HEraTMBHO BILUIMBAaE Ha
30pOBY 00pOOKY B MEPBUHHII 30pOBili KOpi i TpUTHIYY€E
MYJBTHCEHCOPHY iHTerpalilo B CIIyXOBUX 30HaX KOpH
TOJIOBHOT'O MO3KY Y XBOPHX, IIPOOIICPOBAHUX 3 IIPUBOLY
katapaktu. byio nmokasaHo, 110 BpokeHi gedekTu 30-
Py TIOMITHO 3HMXXYIOTb 31aTHICTb HEWMPOHIB iHTEIpyBaTU
Kpoc-MoaaibHy BXigHy iH(opmailito [39]. KaTapakTa y
MOXWJIOMY Billi 4aCcTO MOB’sI3aHA 3 MPUCKOPEHUM BiKO-
BUM 3HMXKEHHSIM (PYHKIil MO3KY, IPOTe, OCHOBHiI Me-
XaHi3MM 1IbOTO SIBUIIA 3aJUIIAI0ThCS HeBimoMuMu [40].
BikoBa kaTapakTa Moxe OyTH OioMapKepoM iCTUHHOTO
HelponereHepaTUBHOrO po3jaay — XBOpOOU AJIbLreri-
Mepa — 4yepe3 arperaitito -aminoiny (AB) B KpuiTaam-
Ky oka [41]. Lin H. Ta in. [40] mpogeMoOHCTpyBau, 1110
yepes3 TpU Micsli Mic/s ornepaTUBHOIO JIiKyBaHHSI KaTa-
pakTU CIOCTEpiraavcs 3HayHi (PyHKIIOHAJAbHiI MOJiI-
IIEHHSI y 30pPOBUX Ta KOTHITMBHUX 30HaX T'OJOBHOTO
MO3KY TalliEHTIB, Yepe3 MiBPOKY OOCST Cipol peYOBUHU Y
LMX 00JIACTSAX 3HAYHO 30ibLIYyBaBCS.

IeHeTHYHi DOCTiIKEeHHST TaKOX IMiATPUMYIOTh TiloTe3y
PO TiCHI 3B’SI3KM MiXK OKOM Ta TOJIOBHUM MO3KOM TP
pi3HOMAHITHII HelpoIcuxiaTpuyHiil maTtosorii. Myrauii
TeHiB, cneuu@iuyHUX IS BPOKEHUX a00 IOBEHUTbHMX
po3JamiB OpraHa 30py, TaKOX 3allydeHi JO pereHepaTuB-
HUX TIpOLIeCiB Ta HeliporeHe3y (Pax6), maToreHe3y Heiipo-
JIereHepaTUBHUX 3aXBOPIOBaHb, TaKUX sIK XBopobOa Ilap-
KiHCOHAa (Hampukian, Pitrx3) abo Takux HelporcuxiaT-
PUYHMX po3JamiB K mm3odpeHis (Hanpukian, Crybbl,
Crybb2) |41]. SIk xaTapakTa 3 paHHIM Je0IOTOM, TaK i JieT-
Ka iHTeJeKTyaJlbHa HEIOCTaTHICTb MOXYTb BUHUKATU Y
MaulieHTiB, Ki MaroTh MyTalii B reHi INPP5K, 1o koaye
docdoinozutua-5-docdarazy [42], maronoriyHi ¢eHo-
TATA 3 BUPAKEHWM HEBPOJIOTIYHUM Ie(illuTOM, 30Kpe-
Ma, TUTSYM LiepeOpaIbHUM Mapatid, iHTeJeKTyalbHYy He-
JIOCTaTHICTb i BOTHUILIEBY ETLJIETICII0, a TAKOX KaTapakTH,
noB’s13aHi 3 MyTauismu COL4A1 1a COL4A2|43]. leneTny-
Ha mytauis SCHIP1/IQCJ-SCHIPI BUKIVKAE CUHIPOM
MOpyIIeHb HEPBOBOTO PO3BUTKY 3 MaTb(OpMalli€lo MO3-
Ky, SIKWIA OXOTUTIOE 3arajibHy 3aTPUMKY PO3BUTKY, TPY/-
HOIi 3 HAaBYaHHSIM, AUCMOP(i3M 00MYYSs, TTOPYLICHHS
cayxy i katapakty [44]. Myrauis TUBAIA, sxa Bnepiie

troretinography (ERG), maculopathies and
retinopathies, cataracts, poor acuity, and strabismus
[37]. It was shown that optical properties of the eye
influence primary visual cortex size and visual aber-
rations have a negative impact on visual cortical
processing [38]. Thereby, the mutual relationships
through «eye-brain» axis are an essential research
problem and its solution is the key to understanding
the pathogenesis of possible short- and long-term
adverse cerebroophthalmic effects induced by IR.
Congenital visual deprivation negatively affects
visual processing in primary visual cortex, and sup-
press multisensory integration in auditory areas in
cataract-reversal patients. It was stated that congen-
ital visual deprivation markedly reduces the capabil-
ity of neurons to integrate cross-modal inputs [39].
Cataracts in aged are often associated with acceler-
ated age-related decreases in brain function, howev-
er the underlying mechanisms remains unknown
[40]. Age-related cataracts (ARC) may be a bio-
marker of the genuine neurodegenerative disorder —
Alzheimer’s disease — due to aggregation of amy-
loids (AB) in the ocular lens [41]. Lin H. et al. (2018)
demonstrated that in three months following surgi-
cal treatment of cataracts, significant functional
improvements were observed in the visual and cogni-
tive-related brain areas of the patients, whereas in six
months postoperatively the patients’ grey matter vol-
umes in these areas were significantly increased [40].
The genetic studies also support the hypothesis
on close relatinships between eye and brain in var-
ious neuropsychiatric pathology. The specific
genes mutations for congenital or juvenile eye dis-
orders are also involved in regenerative processes
and neurogenesis (Pax6), in pathogenesis of such
neurodegenerative diseases as Parkinson (e.g.
Pitx3) or in neurological disorders like Schizo-
phrenia (e.g. Crybbl, Crybb2) |41]. Both early-
onset cataracts, and mild intellectual disability can
occur in patients having mutations in /NPP5K,
encoding a Phosphoinositide 5-Phosphatase [42]
and the pathological phenotypes with severe neu-
rological deficits including cerebral palsy, intellec-
tual disability, and focal epilepsy as well as
cataracts associated with COL4A1 and COL4A2
mutations [43]. The mutation in SCHIP1/1QCJ-
SCHIPI causes a neurodevelopmental brain mal-
formation syndrome including global develop-
mental delay, learning difficulties, facial dysmor-
phism, hearing impairments, and cataracts [44].
TUBAIA mutation presenting with microph-
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Oyna BuspieHa y 2015 poui, KJiHIYHO MPOSIBISIETHCS
MiKpoOo(TaJIbMi€I0, BPOMKEHOI KaTapaKTolo, MiKpolle-
damiero, a TaKoX TSODKKMMM BagaMU PO3BUTKY MO3KY [45].
HemonaBHo Oyno omucaHO HOBE MIiTOXOHIpialbHE TeHe-
TAYHE 3aXBOPIOBAHHS, IOB’sI3aHE 3 IMOPYIICHHSIM aKTHB-
HOCTi (epMmeHTy (PochaTuaniacepuHaeKapOOKCcuiIa3u
(PISD), gke crippunHsie TUCITIA3iio CKeJleTa, KaTapaKTy Ta
3MiHHM 01101 peYOBUHY TOJIOBHOTO MO3KY [46]. [Tporpecyio-
ya atpogisi MO3KY, PyXOBi MOPYIIEHHS, KaTapakTa i paHHs
cMepTh acoliitoBaHi 3 MyTawissMu CLPB — TeHOM, SIKIii KO-
nye kKaseiHomitnmuHy Tientugasy B romomor ClpB, unen
cimeiicTpa 6ikiB AAA+ [47]. BpaxoByroun Bulilie3a3aHaue-
He, PUCKOPEHUI PO3BUTOK KaTapakKTH, SIKY TPamMLiiAHO
PO3IJISAIAIOTh BUKIIIOUHO SIK ITaTOJIOTiI0 OKa, MOXe OyTh
TOB’SI3aHUI 31 CTPYKTYPHUMM BJIACTHBOCTSIMU TOJIOBHOTO
MO3KY Ha pi3HUX piBHsIX opraHizaii. [TokazaHo, 1110 3MiHU
CTPYKTYp OKa MOXYTb OyTM OioMapKepoM HelpomereHe-
pauii B Mo3Ky JionvHu [48]. HaHuii (akT npeacraBisie
3HAUHUI iHTEpecC ISl MPUKJIaJHOI HEeBPOJIOTii i Helpom-
cuxiaTpii. Ha Hamry mymKy, Taki B3a€EMO3B’SI3KM TTOBMHHI
OyTHU MTPEAMETOM iHTEHCUBHOT'O JOCTiIXKEHHS 3 TOUKU 30Dy
MOBipHUX LiepeOpoodTaIbMOI0TiYHKX edekTiB I1B.

Csitnosuit pedrekc 3iauni (PLR) — 1e Haimepmmit i
Hali(yHIaMEHTAJIbHIIIWI MexaHi3M ajanTalii 10 CBiT/ia y
HaloMy Mo3Ky. He3Baxkarouu Ha Te, 110 B JliTepaTypi Lieit
MEXaHi3M 4acTO OITUCYEThCS SIK Oe3yMOBHUI pediieKC, ofl-
Hak, OTpMMaHi JaHi cBigyaTh mpo Te, 1o BeaununHa PLR
MOJIYJTIOEThCSI KOTHITUBHUMU (hpakTopamMu. MikpocTumy-
JiAuist B aitsHIL JooHoro ueHTtpy norsany (FEF) B mped-
poHTanbHil Kopi (PFC) y Makak-pe3yc MOmyJIt0o€ MOCUIEH-
Ha PLR, 3miHmoounm mpocTty pedieKTopHy peaxiliio Ha
¢iznyHoO ineHTUYHI noapa3Huku. Lli pe3ynsratu 3acBimuy-
IOTh TOW (DaKT, 110 OUTBII CKJIAAHI CTPYKTYPH YIPaBJIiHHS,
taki gk PFC, MOoXyTb H0ogaBaTH CKJIQOHICTb i THYYKICTb
HaBiTb 10 6a30BO1 HEMPOHHOI MepexXi CTOBOypa roJIOBHOTO
MO3Ky [49]. Byno nokaszaHo, 110 CBiTJIO, OCOOJMBO CHHE,
MOXX€E CTMMYJIIOBAaTU KOTHITUMBHI (hyHKIIil Ta MOTOPHICTb Y
MOXUJIOMY Billi, MOAY/IIOIOUM aKTUBHICTb TilOKaMITy, J100-
HUX i TAHTYISIpHUX Mepex [50].

Jenpecis BBaXKa€TbCSI OMHUM 3 HAOIIbII 3HAYHUX i JOB-
TOCTPOKOBUX HACJIiIKiB aTOMHUX OOMOapAyBaHb, SIAEPHUX
BUMNpoOyBaHb Ta pamiauiiHux aBapiit [51]. HdenpuBauist
cBitia (LD) € omHnM 3 1o6pe BUBUYEHUX (PaKTOPiB, 3aTyde-
HUX [0 MaToreHe3y ASNPeCUBHUX po3naniB. BoHa Bukim-
Kae 3HayHi MOpGOJOriyHi 3MiHM TaHIIIO3HUX KIIITUH
CITKIBKM i KOPTMKAJbHUX KJIITMH HAa MUILIAYMX MOJIEJSIX
iy YFP-H 3 nenpecieto, siki Oyaud onucaHi B Takuid
crnoci0: MopdoJoTiuHi yTBOpEeHHS, creuudiyHi a1
TaHIJII03HUX KJIITUH CITKiBKM Ta MepeBaskHe CTUMYJIIOBAH-
Hs1 POCTY JI€HAPUTHOTrO AepeBa KIIiTuH RGA; nocnigoBHUi
CYIPEeCUBHMI BIUIMB Ha MOP(MOJIOTi0 IIEPBUHHIX 30POBUX

thalmia, congenital cataracts, microcephaly as
well as severe brain malformations was first
revealed in 2015 [45]. A new mitochondrial gene
disease associated with impaired phosphati-
dylserine decarboxylase (PISD) enzyme activity
causing skeletal dysplasia, cataracts, and white
matter changes has recently been described [46].
Progressive brain atrophy, movement disorders,
cataracts, and premature death are associated with
CLPB mutations — gene encoding caseinolytic
peptidase B homolog CIpB, a member of the
AAA+ protein family [47]. In this perspective, the
accelerated development of cataracts traditionally
considered exclusively as an eye pathology may be
related to cerebral structural properties in differ-
ent levels. It has been shown that the structural eye
alterations may be a biomarker of neurodegenera-
tion in human brain [48]. This fact is of consider-
able interest for applied neurology and neuropsy-
chiatry. In our opinion, such relationships should
be a subject of intensive research in terms of prob-
able cerebroophthalmic effects of IR.

The pupil light reflex (PLR) is the first and
most fundamental mechanism for light adapta-
tion in our brain. Although it is often described in
literature as an immutable reflex, converging evi-
dence suggests that the magnitude of the PLR is
modulated by cognitive factors. Microstimu-
lation in the frontal eye field (FEF) in the pre-
frontal cortex (PFC) in the rhesus macaques
modulates the gain PLR gain changing the simple
reflex to physically identical stimuli. These
results suggest that higher control structures such
as the PFC can add complexity and flexibility to
even a basic brainstem circuit [49]. It was shown
that light, particularly blue one, can stimulate
cognitive functions and alertness in aging by
modulating hippocampus, frontal and cingular
circuits activity [50].

Depression is considered as one of the most sig-
nificant and long-term effect of atomic bomb-
ings, nuclear testings and radiation accidents
[51]. Light deprivation (LD) is one of the well-
studied factors involved in pathogenesis of
depressive disorders. It produces distinct mor-
phological changes on retinal ganglion cells
(RGCs) and cortical cells in a depressive-like
YFP-H mouse model, which were described as
follows: cell-type-specific  morphological
orchestrations on RGCs and predominantly pro-
moted the dendritic growth of RGA cells; a con-
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i CIIyXOBUX KOPTUKAJbHMX IIapiB S5 mMipaMigaibHUX
kiitiH (L5SPCs); migBUINEHHS IIiILHOCTI AEHAPUTHOIO
JiepeBa MEPBUHHUX 30pOBUX KOPTUKaAIbHUX L5SPCs, mipn-
yoMy 1Iel MexaHi3M JIEKUTh B OCHOBI MOP(MOJIOTIUHUX TT1e-
peTBOpeHb B okpeMux KopTukanbHux LSPCs [52]. B ekc-
NepMMeHTax Ha MMUILAJdiii Monesi 3 JenpecUBHUM I1O-
BEMiHKOBUM (DEHOTUTIOM 4Yepe3 JASIPUBAIlilo CBiTIa OyIIo
BUSIBJICHO 3MEHIIIEHHSI YaCTOTM PO3pPSIAiB y HelpoHax i
npurHiyeHHs 30ymiuBocti LSPC B MoTOpHilt Kopi, pe-
YKo MOP(OJIOriyHOI CKJIAAHOCTI HEMPOHIB, MPO IO
CBiguaTh JereHepallis 0a3ajJbHMX Ta amiKaJbHUX IEH/I-
PUTIB, TIOTIPIIEHHS CUHATITUYHOI KOHHeKTUBHOCTI L5PC
MOTOPHOI KOpM, IO CYNPOBOIKYETHCSI MOCUJICHHSIM
30yIJTMBUX MOCTCUHANTUYHUX MoTeHianiB (EPSPs) ox-
pemux 3’egHanHb LSPC, a TakoxX 30ibIIEHHSIM CITiB-
BimHomeHHs1T mapHux immynbsciB (EPSP2/EPSPI1), gaxi
IHTEpITPETYIOTHCA SIK KOMIeHcaTopHi 3MiHM [53]. OcKib-
KM TaHMIIO3Hi KJIITMHM CiTKiBKM HAACWUJIAIOTh Bi3yaJlbHY
iH(popMaLIito y BUII TiISTHKA LIEHTPAJILHOI HEPBOBOI CHC-
temu (LHHC), cnoHTaHHi camMoreHepyrodi eJeKTpUYHi
XBWJIi CiTKiBKM BBaxKalOTbCS OCHOBHUMM KaHAWJaTaMu
JJ1s1 po3p0OKM TonorpadiyHuX HEMPOHHUX KapT, 1110 MO-
JIeJIIOIOTHCSL Ha 3a/IeXKHOCTI BiJ, aKTMBHOCTI y BEpXHiX
ropokax cepelHbOTO MO3KY, JOpCaJbHOMY OOKOBOMY
KOJIIHYacCTOMY sIIpi Ta 30pOBili KOpi, sSKa pernpe3eHTye
(¢yHKILIiOHATbHY KOHHEKTMBHICTb, acOLillOBaHy 3 Bi3y-
aJTbHUM JOCBizoM [54].

Ponw IB B maroreHesi aeKTUBHUX poO3jadiB y OII-
POMiHEHUX OCi0 3i CIPUSTIMBUMHU IICUXO0I0TOTIYHUMU
pucamuy Oyja MiaTBepIKeHa HAIUIMMM HOBUMM MOCIHiI-
KeHHSIMU. PeTpoCneKTMBHO-IPOCIIEKTUBHE KOTOPTHE
JOCTIIXXEHHSI paHIOMi30BaHOI BMOIpKM Yy4YaCHUKIB
JikBigauii HacaigkiB YopHoOMIbCHbKOI KaTacTpodu
(VJIHA) mnokaszano 3B’S130K T€HOTHUIIIB 3a ITOJiMOp-
dismamu S-HTTLPR i rs25531 rena SLC6A4 3 apekTnB-
HUMH i KOTHITUBHUMU TTOPYIIEHHSIMU, 1110 CBiTYUTH TTPO
HasIBHICTb HEHPOMNCUXO0i0IOTIUHUX OCOOIMBOCTEN LIMX
MNOpYyllIeHb, MOB’SI3aHUX 3 10HI3yIOUMM BUIPOMiHIOBAH-
HSIM 3aJIeXXKHO Bif TEBHUX TEHHUX ITOJIMOpQi3MiB.
AdexTuBHI posnaau (dernpecis) i HEMPOKOTHITUBHMIA
JNe@IUT BUSBUJIUCH BUPA3HILIIUMMU TIPU OUTBII BUCOKUX
no3ax omnpomiHeHHs (> 50 m3B). Hocii reHoTumis ce-
pennboro i Husbkoro piBHS (LA/S, LA/LG, LG/LG,
LG/S, S/S) rena Tpancnioprepa cepotoHiny SLC6A4 ma-
IOTh OiJIbIIE IENTPECUBHUX PO3alliB, OCOOTUBO TIKKUX,
Opy TEHAEHLIi 10 3POCTaHHSI YaCTOTM KOTHITUBHUX i
CTpeCcoBUX po3naniB [55].

EninentuyHi Hamagu BUKJIMUKAIOTh iIMyHHY BiIMOBigb
HE JIMIIIe B TOJJOBHOMY MO3KY, aJie i B CiTKiBIli y MUIIIEH:
KIJIBKICTh aKTMBOBaHOI Mikpordii (xemokiHom KC/GRO
i IIMTOKiHOM iHTepJIeiiKiHOM- 1[3) Oysa 30inbIeHa incu- i

sistently suppressed effect on the morphology of
primary visual and auditory cortical layer 5
pyramidal cells L5PCs; enhanced the dendritic
spine density of primary visual cortical L5PCs,
implying a compensation mechanism underlying
morphological changes in individual cortical
L5PCs [52]. In experiments on a mouse model
with depressive behavioral phenotype as a result of
LD there were found decreased burst firing neu-
rons and suppressed intrinsic excitability of
L5PCs in the motor cortex, the neuronal mor-
phological complexity reduction as evidenced by
simplified basal and apical dendrites, deteriora-
tion in the synaptic connecting probability of
L5PCs, accompanied by the enhancement of
excitatory postsynaptic potentials (EPSPs) of sin-
gle L5PC connections combined with the paired
pulse ratio (EPSP2/EPSP1) increase that was
interpreted as compensatory changes [53].
Because RGCs send visual information to superi-
or regions of CNS, spontaneous (self-generated
electrical) retinal waves are considered as major
candidates for activity-dependent development of
topographic neural maps in the superior colliculus
(SC), dorsal lateral geniculate nucleus (dALGN),
and visual cortex that representing functional
connectivity prior to the visual experience [54].
The role of IR in pathogenesis of affective disor-
ders in irradiated persons with predisposing psy-
chobiological traits has been confirmed by our
recent data. The retrospective- prospective cohort
study of the randomized sample the Chornobyl
catastrophe clean-up workers (liquidators) showed
the association of genotypes by 5-HTTLPR and
rs25531 polymorphisms of the SLC6A44 gene with
affective and cognitive disorders suggests the pres-
ence of neuropsychobiological features of these
disorders associated with ionizing radiation
depending on the certain gene polymorphisms.
Affective disorders (depression) and neurocogni-
tive deficit are more severe at higher doses of irra-
diation (> 50 mSv). The carriers of intermediate
and low-level genotypes (LA/S, LA/LG, LG/LG,
LG/S, S/S) of the serotonin transporter gene
SLC6A4 have more depressive disorders, especially
severe ones, and tend to have more frequent and
severe cognitive and stress-related disorders [55].
Epileptic seizures induce an immune response
not only in the brain, but in the retina in mice: the
numbers of activated microglia were increased
ipsi- and contralateral to the epileptic focus and
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KOHTpajlaTepaJibHO CTOCOBHO €MiJIENTUYHOTO (POKYCY;
MakporjiajibHa akTuBallisl Oyja TaKoX BHSIBIIEHA Y
BHYTPILIHIX 11apax ciTKiBKu [56]. BuBueHHsT 30pOBOTO
TPaKTY JIIOAUHMU Biflirpa€ BaXJIMBY POJIb Y TOCTiIKEHHSIX
HelipogereHepanii LIHC 3aBasiku #oro yHikanabHil
iepapxiyHill apxiTeKTypi, sKa HI03BOJISIE MPOCTEXKUTU
TPaHCCUHAIITUYHY JereHepallilo, 1110 HaBPsI Y1 MOXKII-
BO Ha MOeJi KOHHEKTHMBHOCTI ILIilicCHOro MO3Ky [57].
3okpeMa, y JIiTHIX Joaeit 6e3 AeMeHILIil Oibll TOBCTUM
11ap HEpPBOBUX BOJOKOH CiTKiBKM KOpEJIOBaB 3 MOKpa-
LLIEHHHSIM 3Ha4Y€Hb ACSIKUX MOKA3HUKIB MarHiTHO-pe30-
HaHcHO1 ToMmorpadii (MPT) gk B giisH1Ii, siKa BKIo4Yasa
30pOBI IIJIAXU, TaK i B IUISTHKAX, 3AJTy4EHUX 10 Helpoe-
reHepatTuBHUX mpoueciB mpu XA. binbll ToBCcTUI 1Iap
HEPBOBMX BOJIOKOH CITKiBKM OYB TTOB’SI3aHUWIA 3 OiJIBIIIOIO
dpaxiiiero rimokammy (BesrurHa 30iabiieHHs B = 0,013;
95 % A1 Big 0,001 mo 0,025 Ha 10-MKM 30iIbILIEHHS TOB-
IIMHY 1apy HEpPBOBMX BOJIOKOH CiTKiBKM) i KpalllMMH
MoKa3HUKaM1 TUQy3iiiHO-TeH30pHOI Bidyasi3alii y 1mo-
sIcHi# 3BUBMHI (cepents audy3HicTb B = -0,007; 95 % Al
Bim Minyc 0,015 mo minyc 0,000), rimokaMmaabHii i mo-
sICHi 3BUBMHAX (cepenHs audy3HicTb B = -0,009; 95%
A1 Big minyc 0,016 go minyc 0,002 i pagianbHa Audysis
B=-0,010; 95 % A1 — Bin 0,018 no minyc 0,002), a Takox
3aJHIlA TTPOMEHUCTOCTI Tajamyca (gpakiiifHa aHi30T-
porist B = 0,008; 95% I Bim 0,000 mo 0,017) [58].
®diziojioriuHi BITHOCMHU MiX CiTKiBKOIO i FOJIOBHUM MO3-
KOM TIpU 3J0pPOBOMY CTapiHHi MOXKYThb OyTHM TIOpYILIEHi
3MiHaMU, CIIPUIMHEHUMU XBOPOOOIO, y MAIIEHTIB 3 ypa-
JKEHHSIM KOTHITMBHOI cepu. Byao mpoaeMoHCTpOBaHO,
IO Y CTapifouMx Cy0’€KTiB 0e3 KOTHITUBHUX ITOPYIICHb
OibII TOHKMI BHYTPIlIHIN TUIeKCU(POPMHUN 1Iap
TaHIJIIO3HUX KJIITWH, BUMipssHUI 3a pomomMororo OKT
CMEKTPAIbHOIO JOMEHY, OyB MOB’sI3aHUIA 3 OUIbII HU3b-
KO LUIICHICTIO MiKpOCTPYKTYpU OiJIO1 PEYOBUHU Y
BepxHboMy (longitudinal fasciculus) mo3moBXHbOMY ITy4-
Ky i HIDKHBOMY (DpOHTO-OKIIMIIITAIBHOMY TTYUKY (fronto-
occipital fasciculus), KOPTUKOCHIHAJIbHOIO IIIAXY, IIe-
PEIHBOrO TATaMiYHOIO HUISIXY Ta AUISIHKU MOSICHOI KOPH,
IO KOPEJIOE 3 MEHIITUM 00’€MOM Cipoi pe4YOBUHMU B 30-
pOBiit Kopi Ta MO304Ky [59]. 3opoBuii nedilUT € Mo~
PEHOI0 KIIIHIYHOIO O3HAKOl0, SIKa CHOCTEPIiraeTbcsl y
nauieHTiB 3 XA. byo BusiBJieHO 3HaYHe 30i1blLIEeHHS 3a-
rayibHOI AU(y3iAHOCTI Ta pagiaabHOI AUQY3iitHOCTI, a Ta-
KOX 3HVKEHHS (DpaKliifHO1 aHi30TPOITii 30pOBUX HEPBIB
y xBopux Ha XA, a TakoX Yy TAali€HTIB 3 JIETKUMU
KOoTHITUBHUMM mopyiieHHaMu (JIKIT) B mopiBHSAHHI 3
KOHTPOJILHOIO TpyIo. BinMiHHOCTI B moKa3HUKaX Ou-
(by3iitHO-TeH30pHOI Bidyastizallii MiX rpynamMu BigoOpa-
JKalOTh 3MiHU 3aIHBOTO BiJIiTy MO30JMCTOrO Tija, SIKi Ae-
MOHCTPYIOTb TTOLLIKOXKEHHS 0iJ101 pedoBMHU NpU XA Ta

elevated microglial levels of the chemokine
KC/GRO and cytokine interleukin-1 were
detected; macroglial activation was also found in
inner retina [56]. The study of human visual path-
way plays an important role in investigations of
neurodegeneration in CNS due to its unique hier-
archical architecture allowing tracing trans-synap-
tic degeneration, which is unlikely to be possible in
a whole brain-connectivity model [57]. In particu-
lar, in elderly individuals without dementia, a
thicker retinal nerve fiber layer (RNFL) correlated
with better magnetic resonance imaging (MRI)
variables both in a region that included the visual
pathways and in areas involved in the neurodegen-
erative processes of Alzheimer’s disease. A thicker
RNFL was associated with a greater hippocampal
fraction (quantity of increase 3=0.013; 95% CI,
0.001— 0.025 per 10-um increase in the RNFL
thickness) and better diffusion tensor imaging
variables in the global cingulum (mean diffusivity
B=-0.007; 95% CI, -0.015 to -0.000) and the hip-
pocampal part of the cingulum (mean diffusivity
B=-0.009; 95% ClI, -0.016 to -0.002 and radial dif-
fusivity f=-0.010; 95% ClI, -0.018 to -0.002) and
the posterior thalamic radiations (fractional
anisotropy =0.008; 95% CI, 0.000—0.017) [58].
The physiological retina-brain relationship in
healthy aging may be disrupted by disease-
induced changes in patients with cognitive
impairment. It was demonstrated that in aging
subjects with no cognitive impairment, thinner
ganglion cell-inner plexiform layer (GC-IPL)
measured by spectral-domain optical coherence
tomography was associated with lower white mat-
ter (WM) microstructure integrity in the superior
longitudinal fasciculus, inferior fronto-occipital
fasciculus, corticospinal tracts, anterior thalamic
radiation, and cingulum regions, and it was weak-
ly correlated with lower grey matter volume
(GMYV) in visual cortex and cerebellum [59].
Visual deficit is a common clinical sign observed
in patients with Alzheimer’s disease (AD). There
were found significant increases in the total diffu-
sivity and radial diffusivity, and reductions in frac-
tional anisotropy in optic nerves among patients
AD patients as well as among those having mild
cognitive impairment (MCI) compared to con-
trols. The differences in diffusion tensor imaging
(DTI) metrics between groups reflected alter-
ations the splenium of the corpus callosum, which
has commonly been shown to exhibit white mat-
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JIKIT [60]. 3amHst KopTHUKadbHa aTpodist, TAKOX BizoMa
SIK 30pOBMIA BapiaHT XA, NPU3BOAUTD 10 30POBUX MOPY-
IIIEHb BUIIOIO PiBHSI, TaKUX SIK ajieKcCis abo arHoasis.
AHaJi3 TaHUX CTPYKTYpHOI MAarHiTHO-PE30HAHCHOI TO-
Morpadii moKa3aB 3HaUYHY BTpaTy Cipoi pe4OBUHU B ITOTH -
JINYHIN 1 TIM SIHiI OiISIHKAX, JIaTepajli30BaHUX Y MiBKYIIIO,
1110 MIPOTUJIEKHA BTpaTi 30Dy, 1 L1 KapTUHA JaTepai3aliil
OyJa OTHAKOBOIO JUIS TIMOKAMITy i TaparirokamIajlbHOl
3BUBUHU [61]. TakuM YrHOM, JereHepallist 61101 peyoBH-
HU TOJJOBHOT'O MO3KY, 11O CITOCTEPIra€EThCs MPU TUITOBUX
HelipoJereHepaTUBHUX Mpoliecax, TAKOX BIUIMBAE Ha I1e-
pudepuyHi CTPYKTYpU 30POBOI CUCTEMU.

3BOPOTHS KapTUHA AereHepallii B3IOBX OCi «OKO-MO-
30K» TaKOX € OOrpyHToBaHOW0. BikoBa nereHepallis
JKOBTOI IJISIMU MOX€e OYyTU OCHOBHOIO NPUYMHOIO Aere-
Hepallii 0iJloi PeYoBMHM TOJOBHOIO MO3KY VY IIHUX
nauieHTiB. 30Kpema, AaHi qudysiitHo-TeH30pHOI MPT i
JIaHi Tpakrorpadii cBimyaTh mpo Te, IO BiIXWUJIEHHS Y
OPOBIAHUX HLIsAXaX 01101 peYOBUHU, 1O MPOEKTYIOTHCS
Ha MepBUHHI AiJITHKU 30pOBOi KOPH, BilIMOBinaloTh Mic-
1ISIM TIOIIKOJ/IKE€Hb CITKiBKM B 30H1 (pOBEOIM, 1X BETUYM-
Ha KOPEJIIOE 31 CTYIEHEM BTpaTHM TOCTPOTHU 30py [62].
BusHauyeHHs KiJIbKICHOI aHi30TpOIlil, iHAEKCY Ilidb-
HOCTI TpakTy 0iJoi pe4OBMHU 110Ka3aJj10, 110 Y Malli€HTiB
3 aHipUAI€I0 CTPYKTYpa 0i0i peUOBUHU 3MiHIOETHCS SIK
B 30pOBHMX TpakTax, TaK i B Pi3HUX CTPYKTypaxX MO3KY,
MOB’I3aHUX i3 3aAHIMU 30POBUMU TTPOBITHUMU IIISTXA-
MU, TAKUMHU SIK IBOCTOPOHHIN 30pOBUi1 TPAKT, IBOCTO-
POHHSI ONTUYHA MPOMEHUCTICTb, 3aAHIi MOB3IOBXKHUMN
MYYO0K 3 IBOX CTOpiH, forceps major, 3agHiil IIpOMEHUC-
TUI BiHelb TipaBopyy [63]. Y mauieHTiB 3 MirMeHTHUM
PETUHITOM 3MiHHM TaKOX MOXYTb BiTOyBaTUCS HE TiJIbKU
B CITKiBIIi, ajie i1 y 30pOBOMY TPaKTi TOJJOBHOTO MO3KY
[64]. ITicas onpoMiHEeHHST KYJBTYPU KJTUH CiTKiBKU in
vitro B 103ax Bix 1 1o 2 I'p, 10 € MOBIYHOIO 103010 Ha
300pPOBY CiTKiBKY MpM 3acCTOCYBaHHi CTaHAApTHOI'O
pagioTepaneBTUYHOIO JiKyBaHHSI TOJIOBHOIO MO3KY, Ha
2-1i IeHb MiC/ISI eKCIIEPUMEHTAIbHOTO BIUIMBY OUeBUIHA
BTpaTa XUTTE3NATHOCTI KIITUH, iMyHOMIIOOpECIICHITisI
BIII-TyOysniHOM BUSIBJISIE TTOMITHE TMOIIKOMXKEHHS HEil-
poHiB. TkaHMHA CiTKiBKM MOXE 3a3HaBaTU BUMAAKOBOTO
BIUIMBY Y-TIPOMEHIB TTiJl 4aC MPOMEHEBOI Tepartii mMyxXJIuH
OKa Ta 30pOBOro HepBa a00 MyXJIWH roJ0BY Ta LIUi, a Ta-
KO ITil yac MEAUYHMX AiarHOCTUYHUX Tpouenyp [32].
V 8 mailieHTiB, Yy SKUX pO3BUHYJIACS PETUHOMATIS TTiCIIsI
MPOMEHEBOI0 JIIKyBaHHSI MEJIaHOMM XOpioinei, cepenHi
MOKAa3HUKMU 3arajbHOTO KPOBOTOKY CiTKiBKU OYyJIM 3HAY-
HO HMDKYMMM, a TOKAa3HUKU peTUHAIBHOI caTypallii K1uc-
HEM Oy BUIIMMU B ypak€HOMY OIli, TOPiBHSIHO 3 iH-
ILIMM OKOM, 110 BKa3y€ Ha 3MiHU CyAMHHOI Mepexi CiT-
KiBKM. Taka K/IiHiYHa KapTUHa paaioiHIyKOBAHOI PETU-

ter damage during AD and MCI [60]. Posterior
cortical atrophy (PCA), known as the visual vari-
ant of Alzheimer’s disease, leads to high-level
visual deficits such as alexia or agnosia. Analysis of
structural data indicated considerable loss of gray
matter in the occipital and parietal cortices, later-
alized to the hemisphere contralateral to the visu-
al loss, and this lateralization pattern was the same
for the hippocampus and parahippocampal gyrus
[61]. Thus, white matter degeneration in brain
observed in typical neurodegeneration processes
also affect peripheral structures of visual system.
The reverse pattern of degeneration along the
«eye-brain» axis is also justified. Age-related macu-
lar degeneration might be a primary cause of brain
white matter degeneration in those patients.
Particularly, diffusion-weighted magnetic reso-
nance imaging (dAMRI) and tractography data bear
evidence that there are some abnormalities in white
matter fascicles projecting to primary visual cortex
locations corresponding to the location of retinal
damage (fovea) and their magnitude correlates with
visual acuity loss [62]. The determination of quan-
titative anisotropy (QA), an index of white matter
tract density showed that in patients with anridia
white matter structure is altered in both visual tracts
and various brain structures associated with posteri-
or visual pathways, such as bilateral optic tract,
bilateral optic radiation, forceps major, bilateral
superior longitudinal fasciculus, and right posterior
corona radiate [63]. In patients with retinitis pig-
mentosa (RP), alterations may also occur not only
in the retina, but in the brain optic radiation [64].
After irradiation of retina cell culture in vitro at
doses ranged from 1 up to 2 Gy, which is the inci-
dental dose received by the healthy retina per frac-
tion when the standard treatment is delivered to the
brain, at Day 2 following experimental exposure, an
evident loss of cell viability and BIII-tubulin
immunostaining highlighting a marked neuritic
damage. Retinal tissue can receive incidental y-rays
exposure during radiotherapy either of tumors of
the eye and optic nerve or of head-and-neck
tumors, and during medical diagnostic procedures
[32]. In 8 patients who developed retinopathy fol-
lowing plaque radiation treatment for choroidal
melanoma the average total retinal blood flow
(TRBF) was significantly lower, and retinal blood
oxygen saturation indications were higher in the
retinopathy eye compared to the fellow eye, which
indicates an altered retinal vascular physiology clin-
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HomnaTii moaidHa mo niabeTMYHOI peTUHOIMAaTii, sKa
LIBUAKO po3uBaeThes [65]. Otxe, IB MoxHa po3risa-
THU SIK BaXJIMBUI (haKTOp, 110 BUKJIUKAE IMOIIKOIKEHHS
i IereHepallilo B pi3HUX CTPYKTypax opraHa 30py, FoJIoB-
HOTO MO3KY, a TakoX y 3opoBux 1uisgxax B IITHC, mopy-
IIYIOYM KJIiHIYHO 3HAYylUMM YMHOM HeE JIMILIE 30POBY
(yHKIIITO K TaKy, a i BAIII CTaIil 30pOBOTO CITPUITHSIT-
T Ta 00po0OKu iHdopmaitii. Kpim Toro, Taki pamioiHmy-
KOBaHi naToiziosoriyHi 3MiHU MOXXYTb IPU3BOAUTU 10
BTOPMHHUX HEMpoIcuxiaTpuuHuX e(eKTiB, MPo sKi 3ra-
JlyBajioCsl paHiuie.

IHEPEBPOO®PTAJIBMOJIOI'TYHI E®EKTU
PAIIAIIITHOTO OITPOMIHEHHS B YJTHA

HA YAEC

Y papgioGionorii Ta pafiauiiiHif MeaMUMHI Bce Iie
iCHye KOHCepBaTMBHa AyMKa IIpo Te, 10 pajialliliHe
ypaxkeHHs1 IHC y moamMHu MOXJIIMBE TiJIbKY MiCJs OM-
poMiHeHHS B no3ax noHan 10—50 I'p, ockilbku mpu
JIOKAJIbLHOMY OIIPOMiHEHHi CITocTepiraBcsl pamialliii-
HUIi HEKPO3 MO3KY npu 103i noHan 70 I'p, npu oMy
ToJIepaHTHA J103a IS TOJIOBHOTO MO3KY BBaXallacs
Mix 55 i 65 I'p npu dpakuiitHiii TonepaHTHIN 031
6au3bko 2 I'p. OnHak, Ui MOrIsav Ha JaHUIA Jac 3Mi-
HIOIOThCS B KOHTEKCTi HEIIOJaBHO OTPUMAaHUX €KCIe-
PUMEHTAJIbHUX, KJIiHIYHMX Ta €IiAeMiOJOriyHuX aa-
Hux [1—10] 3 ypaxyBaHHSIM HarajabHOI ITOTPEOM y OiIBIIT
IIMOOKOMY MOCHTIIKEHHI e(heKTiB MOMipHUX/HU3BKMUX
103 IB [66].

KirouoBumMu (aktopamMu pU3UMKy HEraTMBHUX COLli-
aJIbHO-TICUXOJIOTIYHUX 1 MEIWYHMX HaCJiIKiB papnia-
LIMHUX aBapiliHUX CUTYyallill (Ha BiAMiHy Bif pamgioTepa-
MEBTUYHUX i palioAiarTHOCTUYHUX MPOLEAYP) € MCUXO-
JIOTIYHUI CTpec, HeameKBaTHE CIIPUIHSITTS PU3UKY Ta
iOHi3ylOua paniallisi, sIKi OpU3BOASATH OO COLiaJIbHUX
3MiH, PO3JIa[iB IMCUXIYHOTO i (hi3MYHOTO 310POB’S, TICHU-
XOCOMaTMYHMX PO3JIaiB, OHKOJOTiYHMX Ta HEOHKO-
JIOTIYHUX 3aXBOPIOBaHb, BPOIKEHMX aHOMAJil i
OB’ SI3aHNX 3 OMPOMiHEHHSIM LIepeOpOoOdPTaTbMOIOTIU-
Hux edekriB. Excrieptu YopHOOUIBCHKOTO (opyMy
OOH omnucanu 4OTUPU OCHOBHI HEWpOICUXiaTpUUHi
Hacliaku katactpogu: 1) posnaau, Mop’s13aHi 3i cTpe-
COM; 2) BILUIMB Ha TOJIOBHUII MO30K, 110 PO3BUBAETHCS;
3) opraHiuyHe ypaxkeHHs TOJIOBHOTO MO3KY Y JIiKBiZaTOpiB
YopHobuinbehKoi KaTactpodu; 4) camoryoctsa. Kpim To-
ro, ocobuBy yBary OyJo MPUIIJIEHO €KCILIECY CEepLEeBO-
CYIMHHUX 3aXBOPIOBaHb Yy JiKBigaTopiB HacaiakiB Yop-
HOOUJILCHKOI aBapii [67]. OCHOBHMMM MeXaHi3MaMK Hep-
BOBO-TICUXIYHUX PO3JIaJiB MIiC/Is pafialliiHUX aBapiiHUX
cuTyariii €: 1) cTpec/IcnxocoMaTUIHUM (BHACIIIOK IICH -
XOTeHHOTO BIUTMBY aBapiifHOI cuTyarlii); 2) comaro-

ically presenting similar to a rapidly developing dia-
betic retinopathy in patients with radiation-related
retinopathy [65]. Consequently, IR can be consid-
ered as an essential factor which triggers damage
and degeneration in various structures of eye, brain,
as well as in visual pathways in CNS, impairing in a
clinically significant way not only visual function
per se, but higher stages of visual information pro-
cessing. Moreover, such radiation-induced patho-
physiological alterations may lead to secondary
neuropsychiatric effects mentioned previously.

CEREBROOPHTHALMIC RADIATION
EFFECTS IN CHORNOBYL CLEAN-UP
WORKERS

There still exists a conservative opinion in radiobi-
ology and radiation medicine that radiation-
induced damage of the Central Nervous System
(CNS) in human is possible only following irradia-
tion at doses > 10—50 Gy, as brain radiation necro-
sis was observed upon the local irradiation in doses
over 70 Gy, at that brain tolerant dose was consid-
ered to be 55—65 Gy, at the fractional tolerant dose
approximately 2 Gy. However, these obsolete views
are now being reviewed and changed in the context
of recently obtained experimental, clinical and epi-
demiological data [1—10] taking into account the
demand for the deeper investigation of the effects
of moderate/low IR doses [66].

The key risk factors for the negative socio-psy-
chological and medical effects of radiation emer-
gencies (in contrast to radiotherapeutic and radio-
diagnostic procedures) are psychological stress,
inadequate risk perception, and ionizing radiation
that lead to social changes, mental and physical
health disorders, psychosomatic disorders, cancer
and non-oncological diseases as well as congenital
abnormalities and radiation-associated cerebro-
ophthalmic effects. The experts of the UN
Chernobyl Forum described the four main neu-
ropsychiatric consequences of the disaster as fol-
lows: 1) stress-related disorders; 2) effects on the
developing brain; 3) organic brain damage in the
Chornobyl clean-up workers; 4) suicides.
Moreover, a particular attention was paid to the
excess in cardiovascular diseases in Chornobyl
clean-up workers exposed to significant radiation
doses [67]. The main mechanisms of neuropsychic
disorders following radiation emergencies are as
follows: 1) stress / psychosomatic (as a result of the
psychogenic impact of an emergency); 2) soma-
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MCUXiYHUI i 1epedpoopraHiyHUil (Yepe3 BUHUKHEHHS
COMAaTO-HEBPOJIOTiYHOI, 0COOIUBO 11epeOPOBACKYISIPHOI,
natoJorii) i 3) pagionepedpanbHi epexru [1, 68—70]. Bei
i epeKTH pi3KO MOCUIIOIOTLCS paguKaIbHUMU 3MiHAMU
i KOH(IIKTaMM y CYCTIUTBCTBI B PE3YJIBTaTi COLliaIbHUX i
CTPECOBUX PO3a/iB. 3araJbHONPUIHAITO, 1110 JOBrOTPU-
BaJIi IICUXiYHi pO3JIaau JJIs1 BCiX KaTeropiii mocTpaxkaaanx
CTAHOBJIAITH OCHOBY COLIiaJIbHOTO i MEIUYHOIO TsArapa
HacniakiB YopHoOMIbChKOi KatacTpodu. YoOpHOOUIBCH-
kuii ¢opym OOH i moganblii AOCTiIXKEHHST BU3HAYWIN
BITJIUB Ha TICUXiYHE 3J0POB’S SIK TOJIOBHY MEINKO-COLIi-
ajpHy npobsemy aBapii Ha YAEC [67, 71-74]. ocnin-
>KEHHSI, TIPOBEIEHI Ha TBapMHaX, MoKa3aju, IO OIl-
POMIHEHHSI TOJIOBU MOXE CIIPOBOKYBATH 3HA4yHE ITOIII-
KOJI>KeHHSI OUISIHOK TilOKaMIly, sIKi MalOThb BUpIllIaJbHE
3HAUEHHS JJIs1 HEHPOIJIACTUYHOCTI, a TAKOXK JUIS TIaM ' SITi,
HaBUYaHHS, eMOLii i peakilii Ha cTpec [75].

IIpomeneBa karapakrta. Pi3Hi TUNM KaTtapakTu € Oc-
HOBHOIO TIPUUYMHOIO CJIIMOTU Yy BCHOMY CBITi i Apyroro
HaMOINBII TIOLIMPEHOI0 MPUYNHOKIO MOPYILIEHHS 30pY
ITiCJIST HEBIIKOPUTOBAaHUX pedpaKIiitHUX TOMUJIOK [76].
Han6ani katapaktu Mopdoa0riyHO OyBalOTh SACPHU-
MM, KOPTUKAJIbHUMU 1 3aJHIMMU CyOKarcyJsipHUMU
[77]. Cepen ocTaHHIX € KaTapaKTH, SKi MOB’s3aHi 3
nielo IP Ha repMmiHaTMBHY 30HY [76] i BMHMKAIOTh
3HAYHO paHillle 3a KOpTUKaJbHiI KaTtapakTu [78]. Oc-
HOBHUI 3aIllpONOHOBAHUN MEXaHi3M PO3BUTKY LIEHT-
pajabHOI CyOKamcyJsIpHOI KaTapakTu — pafialiiiHe
MOILUKOAXKEHHS KJITUH, SKi IiAThCs B repMiHATUBHil
30Hi. KpiMm Toro, el miaTun KaTapakTh po3riasiga€eTh-
Csl IK «OHKOJIOTYHO-MOAiOHA MaTOJIOTisl» KPUILTaIN-
Ka, OCKIJIbKM iOHi3yloue BUIIPOMIHIOBAHHSI 3aBHa€
IIKOIW MEBHUM Te€HaM, SIKi OepyTh yJyacTh y perapailii
AHK i KOHTpoJi KJITUMHHOTO LMKy, 110 TaKOX
MOB’s13aHO 3 TIpollecoM KaHueporeHesy [79]. IIpome-
HeBa KaTapakTa Ma€ creuudiyHi KIiHiYHI 0Cco0Iun-
BocrTi [80, 81].

3rigHo 3 TpaAULiIMHUMMU YSIBJICHHSIMU NPO pagialiiiHi
KaTapaKTH, BOHM KJIaCU(PiKyBaJINCh K AeTepMiHOBaHi
pamiauiiiHi epekTu, TOOTO MMOBIPHICTD iX MOSIBU BBa-
xkanachk 100 % 3a yMOBM NepeBUIIEHHS TIEBHOTO ITOPO-
roBoro 3HaueHHs a03u. Ilepiua cTaTTd 11040 pamialiiii-
HOI KaTapakTu 3’ siBujacs Bxe y 1903 poui [82]. MKP3
KnacudikyBajia KaTapakTy SIK pafialliiiHy HeOe3meky
st 310poB’st B 1950 poui [83] i pekoMeHayBaa mopo-
TOBY 003y Ijisd Kpuiutajiuka B 1954 poi [84]. OcranHiit
nepernisan moporoBoi go3u 0yB y 2011 pori, konu B Ce-
ynbebKilt 3asgBi MKP3 npo TkaHuHHI peakilii OyB 3HU-
KeHMI PO3paxXyHKOBMII TTOpIr KaTapaKTH 3 ITOPYIIEeH-
HaM 30py 3 > 8 I'p mo 0,5 I'p, a Mexa npodeciitHoi
€KBiBaJICHTHOI 1031 ISl KpuinTaiuka 3i 150 m3B/pik 10

topsychic and cerebro-organic (due to the onset of
somato-neurological, especially cerebrovascular,
pathology) and 3) radiocerebral effects [1, 68—70].
All these effects are dramatically intensified by
radical changes and conflicts in society as a result
of social and stress disorders. It is generally accept-
ed that long-term mental health disorders for all
categories of victims constitute the main social and
medical burden of the Chornobyl consequences.
The UN Chornobyl Forum and subsequent studies
identified the impact on the mental health as the
main medical and social disaster problem [67,
71—74]. The animal studies showed that cranial
irradiation can provoke relevant damage of the hip-
pocampal areas which are crucial for neuronal plas-
ticity and, as such, for memory, learning, emotions
and stress response [75].

Radiation cataracts. The different types of
cataracts are the main cause of blindness world-
wide, and the second most common reason for
visual impairment following uncorrected refractive
errors [76]. The acquired cataracts are classified
morphologically into nuclear, cortical, and poste-
rior subcapsular (PSCCs) subtypes [77]. Among
the last subtype there are those associated with
abnormalities in the germinative zone of the lens
most commonly linked with IR exposure [76] and
appeared much earlier than cortical cataracts [78].
The principal proposed mechanism of PSCCs is
radiation damage to germinative-zone dividing
cells. Moreover, this subtype of cataracts has been
considered as a «cancer-like pathology» of the
lens, as the ionizing radiation harms specific genes
involved in DNA repair and cell cycle control
which is also associated with the process of car-
cinogenesis as well [79]. Radiation cataract has its
specific clinical features [80, 81].

According to the traditional views on radiation
cataracts, they were classified as deterministic
radiation effects, i.e. the likelihood of their ap-
pearance becomes nearly 100% provided that a
particular dose threshold is exceeded. The first
paper devoted to radiation cataracts already
appeared in 1903 [82]. The ICRP classified cata-
racts as a radiation health hazard in 1950 [83] and
recommended the first dose limit for the lens in
1954 [84]. The latest dose threshold revision was
in 2011 when the ICRP Seoul Statement on tis-
sue reactions lowered the calculated threshold for
vision-impairing cataracts from >8 Gy to 0.5 Gy
and the occupational equivalent dose limit for the
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20 m3B/pixk (100 M3B 3a 5 pokKiB, NMpU LILOMY 3a XKOACH
piK no3a He MmoBUHHA nepepuiyBatu 50 M3B) [19]. 3a-
raJjbHOBHU3HAHO, 110 paliallifHO IHAYKOBaHI KaTapakTH
MOXXYTb BIUIMHYTH Ha TMpodeciiHy MpUaaTHICTh Jii-
KapiB, SIKiCTb IXHBOTO XWTTS, a TaKOX Ha TPUBAJIiCThb
Kap’epu [84, 85].

Kpuinraiuk oka JOBruil yac BBaxKaBCsl paJiouyTIM-
BOIO TKAHMHOIO, ajie Cy4YacHi JOCJiIKEeHHS MOKa3aJu,
1110 10ro pagioyyT/IMBICTh HaBiTh BUIA, HiX BBaXKaaocs
paniure [15, 85—88]. 3’aBnstioThes pagiodioNoriuHi gaHi,
SIKi CcBigyaTb OpO Te, ILIO KIITUHU KpUINTAJIMKa He
O00OB’SI3KOBO € pamioyyTJIMBUMU OO TOSIBU 3arudeni
KJIITUH, OTXE, BUCOKAa paliouyyTJIMBICTh KpUIITAJIMKA
MOX€e MOSICHIOBAaTUCS iHIIMMM MeXaHi3MaMM (HampukK-
Jlaa, HaagMipHoOMo Tipoidepali€to, aHOMalbHUM Aude-
pPEeHIIiIOBaHHSIM, MOBUIBHUM BiTHOBJIEHHSIM PO3PUBiB
nponaHutorosoi JHK, Temomep, ctapiHHSAM, 3MiHAMU
KpUCTaJliHy, 3anajeHHsM) [89]. BiabluicTh HOCTYMHUX
enigeMioJIOTIYHUX JaHUX CBigyaTh PO Te, 110 MOXKJIU-
BUIA MOPIT 031U CTAHOBUTB BiJl KiJIbKOX COTEHb MUTIIpei
JIO OJHOTO I'pest AJ1s1 KaTapaKTH, TOAi SIK HOBi JOCiIXKEeH-
Hsl iHTepBEHUIMHMX KapaioJIoriB, SIKi 4aCTO OTPUMYIOTh
3HA4YHi 103U OIIPOMiHEHHSI HAa KPUINTAJMK, MOKa3alu
ninBuIleHU pusukK Katapakty [90]. Byigo BucCIOBIeHO
MpUNYILIEHHS, 110 padialifHWil KaTapaKTOIreHe3 MOoxKe
BinOyBaTUCh SIK cTOXacTUYHUI Tmpouec [15, 87, 88, 91],
noAioHuIi 10 oOpe BiloMOTro pafialliiHOro OHKOTE€HE3Y,
BKJIIOUAIOUH ITyXJIMHU B OUISHII rosoBu [85]. Ha Hatry
JYMKY, Take X TMPUIIyLIEHHSI MOXe OyTHU BMCJIOBJIEHE
CTOCOBHO LIepeOpPOBACKYISIPHUX, HEPBOBUX 1 MMCUXIUHUX
po3J1a[iB 3i BCTAHOBJIEHUMHU palialliiHUMU pU3MKAMU,
SIKi MOXYTb OYTH BiTHECEHI 10 cToxacTUuHUX edekTis [P
B Jiama3oHi Maiux a03 [92].

IcHy10Th OCHOBHI MUTaHHS, TOB’sI3aHi 3 pamialiiiHOO
KaTapakTolo: 1) TIporpecyrounii i CTOXaCTUIHMI XapaKTep,
KJTIITUHU-MIILIEHi Ta TPUTEPHi MOIil TOMYTHIHHSI KpUIIITa-
JIMKa; 2) pojib JeHaTypallii OUIKiB KpUINTAINKA, OKCHIA-
TUBHOTO CTpECY, iOHIB KaJIblLlil0, CYMNPECcOpiB MyXJIWH i
dakTopiB penapauii JJHK y xarapakroreHesi; 3) BB
MOTYXXKHOCTI 03U, pafiallifiHuil 3Baxytouuii ¢axkTop i
CHUCTEeMU KJTacuikallii 1151 KaTapakTh; 4) OlliHKa MOTIU-
HEHOI1 J031 KPUILITAJTUKOM Y KJTiHiYHUX yMoBax [93]. On-
Hak, iCHye OOMexXeHe PO3yMiHHSI MEXaHICTUUHMX e(eKTiB
BrivBY IB ipu (popMyBaHHI KaTapakTu. AKTUBHI (popMU
KHMCHIO/a30Ty € KJIIOUOBUMHM TpHUIepaMM pamialliiiHO
iHIYKOBAHOIO ypaXXeHHs i reHepalii B eriTeJialbHUX
KJIITMHAX KpuluTajauka JroauHu. [TigBuilieHHs 1X piBHS
MPOJEMOHCTPYBAJIO J0303aJIeXKHI e(PEKTU MPU OiJIbIIT BH-
cokux mo3ax (> 0,5 I'p) [94]. Vibrpanusbeki gosu 0,01 i
0,05 Tp, BKIIOYEH] B aHaJli3 iIHTEHCUBHOCTEN CMYT LIS
aHaJizatopa PiMaHO, BUSIBUJIMCS 3HAUYLLIMMU 11 JIiH1M -

lens from 150 mSv/year to 20 mSv/year (100 mSv
in defined 5 years with no single year exceeding
50 mSv) [19]. It is recognized that radiation-
induced cataracts can impact the physician’s pro-
fessional proficiency, quality of life as well as
career span [84, 85].

The lens of the eye has long been considered as a
radiosensitive tissue, but recent research has
shown that its radiosensitivity is even greater than
previously thought [15, 85—88]. The emerging
radiobiological data points that the lens cells are
not necessarily radiosensitive to cell killing, there-
fore the high radiosensitivity of the lens may be
explained by other mechanisms (e.g., excessive
proliferation, abnormal differentiation, a slow
repair of DNA double-strand breaks, telomere,
senescence, crystallin changes, non-targeted
effects, and inflammation) [89]. Most available
epidemiologic data suggest there is a possible dose
threshold somewhere between several hundred
mGy and one Gy for cataracts, whereas new stud-
ies in interventional cardiologist staff, who often
receive substantial doses to the lens of the eye, have
shown elevated cataracts risks [90]. It was theore-
sized that radiation cataractogenesis may possibly
function as a stochastic process [15, 87, 88, 91],,
similarly to the firmly established radiation-
induced oncogenesis, including head region
tumors [85]. In our opinion, the same presump-
tion could be valid for cerebrovascular, as well as
nervous and mental disorders with established
radiation risks, which can be attributed to stochas-
tic effects of IR in the low doses range [92].

There are main issues concerning radiation
cataracts: (1) the progressive nature, stochastic
nature, target cells and trigger events of lens opaci-
fication, (2) roles of lens protein denaturation,
oxidative stress, calcium ions, tumor suppressors
and DNA repair factors in cataractogenesis, (3)
dose rate effect, radiation weighting factor, and
classification systems for cataracts, and (4) estima-
tion of the lens dose in clinical settings [93].
However, there is limited understanding of the
mechanistic effects of IR exposure in cataract for-
mation. Reactive oxygen/nitrogen species (ROS
and RNS) are the key events in radiation-induced
damage and generation in human lens epithelial
(HLE) cells. Their level rise demonstrated dose-
dependent relationships at higher doses (> 0.5 Gy)
[94]. The ultra-low doses 0.01 and 0.05 Gy includ-
ed in an analysis of band intensities for Raman

103 =&



orngaaosi CTATTI

ISSN 2304-8336. [Npobnemu pagiaiiiHol meauunHn Ta pagiobionorii = Problems of Radiation Medicine and Radiobiology. 2020. Bun. 25.

HOI IMCKpUMIiHAIlil, i Kp¥Ba BUDKMBAHHS MOJIEi 3 iHIyKO-
BaHOIO penapalli€lo Oyja aganTtoBaHa a0 Ipadika BiIHO-
IIEHHS Pi3HUIb CMYT LIMX JaHUX 3 IPUIYLISHHSIM, IO
eMniTeMialbHi KITUHU KpUIITATUKa JIOIAUHU TTiAIaI0ThCS
HeJliHilHIN Binnmosiai Ha HU3bKi go3u 1B [95]. Bussieno
TUITOBi OCOOJIMBOCTI KaTapakTu Yy JikBigaTopiB YopHo-
OMIIBCHKOI KaTacTpodu, ONPOMIHEHNX B 103aX MPUOJIN3-
Ho 0,02 I'p, Ipy LIbOMY aBTOP PO3IJISAAAB L0 03y K I10-
pOroBy IJis pafdiallifHOI KaTapakKTu Ha OCHOBi KJIaCUYHO-
ro MPUITYILEHHS PO AeTepMiHOBaHi epeKTH pamialiiiHO-
ro BIuusy [96].

IcHytoTh nmesiki Jokasu, IO CBimYaTh IPO 3BOPOTHY 3a-
JIEXHICTh MK TO3010 OIPOMiHEHHSI KPUILTAIMKA i JIATCHT-
HUM TiepiogoM KaTtapakTtu [97]. TocTpuit mopir pamiauiiHo-
innykoBaHoi Kkarapakrtu 0,5 ['p 6yB OyB BU3HaYeHMIA 3a JaHU-
MU 3 JBOX POOIT, MPUCBIUYEHUX PO3BUTKY KaTapaKTU ITiCIIsI
aTOMHMX BUITPOOYBaHb, Yy BimmajieHUl mepion yepe3 55—57
POKIiB MicCJII ONPOMiHEHHSI: y Meplliid cTaTTi Oy/u MpeacTaB-
seHi noporu 0,6 I'p st kopTukansHOI Katapaktu i0,7 I'p wis
3aHIX CyOKarCyJsSIpHMX IOMYTHiHb [98]; y mpyriii poboTi
TOBIIOMJISUIOCSI TIPO 3POCTaHHS TTOIIMPEHOCTI KaTapaKTu
TTics1s1 orpoMiHeHHs B 1031 1 I'p Ipy BiiHOLIEHHI IIAHCIB, 1110
nopisHIoe 1,39, a Takox npu moposi 0,1 Tp wig KinbKocTi
OIepaTUBHMX BTPy4YaHb 3 BUAAJICHHS KaTapaKTy BilIIOBIIHO
JI0 JaHUX, OTpMMaHUX Bif 3 761 0coOu, 1110 BYKMIK ITiCIIS
aToOMHOro OomMOapayBaHHS, B TOMy 4uciai 479 micisione-
pauiiiHux BUNaaKiB katapaktu [99]. Cxoxi gaHi Oyiu oTpu-
MaHi y JikBigaTopiB HaclinkiB YopHOOMIIBCHKOI KaTacTpo-
¢u, saxi Oymu obctexeHi yeped 12—14 pokiB mmicas om-
POMIHEHHSI: TIOPIr AJIs1 KOPTUKaJIbHOI ab0 CyOKarcy/sipHOi
karapakt — 0,34—0,5 I'p 3 6i1b11 HU3bKUM 95 % J1 114 103
noHaz 0,1 T'p [100]. ¥ Hawmmx JoCTiKEHHAX CyOKaIICy IsIpHi
KatapakTy OyJId JiarHOCTOBaHi B 0Ci0, $IKi 3a3HaJIM BIUIUBY
30BHIILIHBOTO ONPOMiHEHHH B f03aX Hkue 1 I'p. Byio Bucy-
HYTO MpUIYLIEHHS, 110 palialliiiHa KaTapakTa BidIloBigaia
0O3HaKaM CTOXaCTUYHOTO e(heKTY, OCKiJIbKM O3HAKM KaTapak-
TW OyJIM BUSIBJICHI y JIIO/IEN, ONPOMIHEHUX Y HaI3BUYAHO
HU3bKMX J103aX, 1110 MOXE CBiTYMTH ITPO BiICYTHICTb ITOPOTrO-
BOTO 3HaUEHHS 103U TS 11b0T0 edpekTy [15, 87, 101].

VY cykymnHocTi BUIIE3ragaHi JOCHiIKEeHHS, 110 BKa3y-
I0Th Ha HASBHICTh MiABUIIEHOTO paaialliiHOrO PU3UKY
JUJI KaTapakKTu, DiATBEpAMUIM TinoTesy, cxpajieHy MKP3,
IO TIOPOTOBE J030Be 3HaueHHS abo He mepesuinye 0,5
I'p, abo BiACyTHE.

ITpomeHeBa KkaTtapakTa Ma€ crieliiivyHi KJIiHIYHiI 0c00-
JuBocTi. Ile 103BoJIsg€ KAIHIYHO BiIpi3HUTH 11 Bifl iHIIMX
BuIiB Karapaktu [15, 87, 101, 102]. Ilicma YopHo-
OuJIbCHKOI KatacTpodu 0yio 3adikcoBaHOo 226 BUNAAKIB
crneun@ivyHOl MPOMEHEBOI KaTapakTu, a y 179 Bunagkax
PO3BUTOK KaTapakTW CIOocTepiraju B auHamiui. Haii-
OLJIbIIY KUJIbKICTh BUIAAKiB IPOMEHEBO1 KaTapakTu 0yJi0
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bands found to be significant in the linear dis-
crimination, and an induced repair model sur-
vival curve was fit to a band-difference-ratio plot
of this data suggesting HLE cells undergo a non-
linear response to low-doses of IR [95]. The typ-
ical features of cataracts in the Chornobyl clean-
up workers irradiated at doses approximately 0.02
Gy were revealed, at that the author considered
this dose as being threshold for the radiation
cataracts based on the classical assumption of the
effect determinism [96].

There is minor evidence suggesting an inverse
relationship between lens irradiation dose and
cataracts latency [97]. The acute threshold for
radiation-induced cataracts of 0.5 Gy was
deduced from two papers on A-bomb cataracts
assessed at 55—57 years following exposure: the
first paper provided thresholds of 0.6 Gy for cor-
tical cataracts and 0.7 Gy for posterior subcapsu-
lar (PSC) opacities [98]; the second paper report-
ed an increased cataract prevalence following
irradiation at a dose of 1 Gy at an odds ratio (OR)
of 1.39 as well as a threshold of 0.1 Gy for ca-
taract surgery prevalence according to the data
obtained from 3,761 atomic bomb survivors,
including 479 postoperative cataract cases [99].
Similar data was obtained in the Chornobyl
clean-up workers examined 12—14 years follow-
ing exposure, the threshold for cortical or PSC
cataracts is of 0.34—0.5 Gy with the lower 95% CI
of > 0.1 Gy [100]. In our studies PSCs were diag-
nosed in persons exposed at external irradiation
doses lower that 1 Gy. It was hypothesized that
radiation cataracts were consistent with the signs
of stochastic effect, because the radiation
cataracts features were found in persons irradiat-
ed at extremely low doses which may testify the
absence of particular dose-threshold for this
effect [15, 87, 101].

Taken together, the aforecited studies pointing
out the presence of increased radiation risks for
cataracts justified the hypothesis, approved by
ICRP, of either a threshold as low as 0.5 Gy, or no
threshold at all.

Radiation cataract has specific clinical features.
It allows to clinically distinguish it from other
types of cataract [15, 87, 101, 102]. After the
Chornobyl disaster 226 cases of specific radiation
cataract were recorded, 179 cases were observed
in dynamics. The greatest number of cases of
radiation cataracts was diagnosed 8—9 years after
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JiarTHOCTOBAaHO 4epe3 8—9 poKiB ITiCIsT ONIPOMiHEHHS,
MpOTe HOBi BUMAAKU MPOMOBXKYBAJIU PEECTPYBATH U
Hagaimi. [TooguHoOKMiT BUMIagoK OyB 3a(iKCOBaHMII Ue-
pe3 29 pokiB micis onpomiHeHHs [103]. BctaHoBie-
HO, 1110 TUITOBA KJIiHiYHA KapTUHa MPOMEHEBOI KaTa-
pakTH MOXEe BMHUKATU MPU A03aX, 3HAYHO HIDKYMX
0,25 I'p. PospaxyHKOBUIT PU3UK 30UIBIIYETHCA 3i
3pocTtaHHAM 103U IB: Ha KpuBiit € TouKa 31aMy B 30Hi
103 0,05 I'p, maui 3i 301IbIIEHHSIM 031 PU3KK 3POCTAE
LIBUJLLE; L€ OJHA TOYKa 31aMy — g 103 1,0 I'p. Pa-
JialiiHUNA aggUTUBHUI i BITHOCHUI PU3UK PO3BUTKY
KaTtapakTu ckianae 3,45 (95 AlI: 1,35—-5,56) na 1,0 I'p
[15, 88, 102, 103].

Ho3u IB y 0ci6 3 niarHo3oM roctpa rnpomMeHeBa XBO-
poba (I'TIX) BHacminok YopHOOMILCHKOI KaTacTpou
€ 3HAYHO BUIIMMU, HiX J03M B iHIIMX JIiKBiJaTOPiB
HacnainkiB YopHOOMILCHKOI KaTacTpodu Ta 03U Y
JKUTEJIiB palioaKTUBHO 3a0pyIHEHUX TEPUTOPiit. Y 10B-
FOCTPOKOBIi MepCIEeKTUBI MOXHa OYiKyBaTU pO3-
BUTKY MPOMEHEBUX KaTapaKT y BCiX MAliEHTIB, SIKUM
npiarHoctoBaHo I'TIX. Ajne moBHe odTaabMOJOTiIUHE
obcrexeHHsT 53 pekoHBanecueHTiB 'TIX mnoka3zano,
o y 6inbmocti nauieHtiB I'TIX giarHocTyBaau KOM-
OiHallil0 iHBOJIOLiMHOI i TpOMEHeBOoi KaTapakT, y 14
0oci®d o3HaK TMpoMeHeBOoi KaTapakTu He Oyjno. Cepen
nux 14 mauientiB y 1986 poui I'TIX nepiioi craaii 0y-
Jio giarHocToBaHo y 8 ocib, a I'TIX npyroi cramii —y 6
oci6. CepenHs 103a ONMMPOMiHEHHS B 1Iiil MiArpyIIi cTa-
HoBUTH (2,27 £ 0,22) I'p (mo3m Bimomi mis 10 oci6 B
nianasoHi Bix 1,25 no 3,3 I'p) [15]. Takum 4uHOM, y
rpymax ocio, ornpoMiHeHUX BHacaigok YopHOOUILCh-
Koi karacTtpodu, 0ysa0 3achikcoBaHO MPOMEHEBY KaTa-
paKkTy 3i cneuu@ivHOI0 KIiHIYHOIO KapTUHOIO, a JlaTe-
HTHUI mepion 11 po3BUTKY KoJuBaBcs Bim 7 go 29
pokiB. JloBeleHO, 110 KJIiHiYHA KapTUHaA MPOMEHEBOI
KaTapakTh Moxe (opMyBaTUCS MpU 103aX 3HAYHO
Huxye 0,25 I'p. Pusuk po3BUTKy panialiiiHoi Kara-
PaKTH aJcKBaTHO OIMCYETHCS OE3IIOPOrOBOI0 MOJIEII-
JI10, sIKa ITPYHTYEThCS HA TOMY MPUIYLLIEHHI, 1110 paaia-
LilffHa KaTapakTa pO3TJISIAEThCS K CTOXAaCTUYHUM
edekt. Te X caMe NMpPUMYILIEHHSI MOXHa 3pOOMTH Ha
mifgcTaBi BiICYTHOCTI padialliiiHOT KaTapakTu B TIOBrO-
CTPOKOBII MEPCIIEKTUBI y 6araTboX peKOHBaIECLEHTIB
I'TIX, gKi 3a3HanM BIJIMBY BUCOKMX O03 pamdiaiii [15,
96, 102, 103].

TakuM yMHOM, Hapasi iCHy€e 3HaUHa HEBU3HAYEHICTb i
CYyNEepEWINBICTh 100 B3aEMO3B’SI3KY MiX PO3BUTKOM
KaTapakKTH, IMPOJOHTALIEIO 103U i JATEHTHUM MEePioaoM,
a TAKOXX CTOXaCTUYHUM i JeTepMiHOBAHUM XapaKTEepOM
pamianiiiHo iHmyKoBaHUX KartapakT [104]. HeoOximHo
MPOJOBXUTH MOJAJIbIIUI TUHAMIYHUIN MOHITOPUHT OIl-

IR exposure, but new cases of cataract continued to
be recorded. One of the cases was recorded 29 years
following radiation exposure [103]. It was estab-
lished that the typical clinical picture of radiation
cataract can emerge at doses, considerably lower
than 0.25 Gy. The calculated risk increases with the
increase in a dose of ionizing radiation, the curve
has a break point in a zone of doses of 0.05 Gy, fur-
ther with an increase in a dose the risk increases
faster; one more break point — for doses of 1.0 Gy.
Radiation caused additive and relative risk of
cataract is 3.45 (95 CI: 1.35-5.56) per 1.0 Gy [15,
88, 102, 103].

Doses of IR of those diagnosed with acute radia-
tion sickness (ARS) as a result of the Chernobyl dis-
aster are considerably higher than doses of other lig-
uidators of the Chornobyl accident aftermath and
doses of inhabitants of radiologically contaminated
territories. In the long term it would be possible to
expect development of radiation cataracrs in all the
patients diagnosed with acute radiation sickness. A
complete ophthalmic examination of 53 convales-
cents of ARS showed that the majority of the ARS
convalescents had a combination of involutional
cataract and radiation cataract, 14 people had no
manifestations of radiation cataract. Among these
14 patients in 1986 acute radiation sickness of the
first stage was diagnosed in 8 persons and ARS of
the second stage — in 6 persons. An average dose of
irradiation in this subgroup is 2.27+0.22 Gy (doses
are known for 10 examinees, ranged from 1.25 to
3.3 Gy) [15]. Thus, in the groups of persons irradi-
ated as a result of the Chornobyl accident there was
recorded radiation cataract with a specific clinical
picture, and the latent period of its development
ranged from 7 to 29 years. It was proved that the
clinical picture of radiation cataract can be formed
at doses considerably lower than 0.25 Gy. The risk
of radiation cataract development is adequately
described by a non-threshold model that says for
considering radiation cataract as a stochastic effect
of IR. The same assumption can be made on the
basis of radiation cataract absence in the long term
in many convalescents of ARS exposed to higher
doses of radiation [15, 96, 102, 103].

Thus, today there is a lot of uncertainty and con-
troversy regarding the relationship among cataract
development, dose protraction and latency as well
as stochastic versus deterministic nature of radia-
tion-induced cataracts [104]. Further dynamic
monitoring of irradiated patients with cataracts as
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POMIHEHHUX MAlli€EHTIB 3 1iarHOCTOBAHOIO KaTapaKToIo i
peTesibHUIA aHajli3 BIUIMBY pi3HUX (paKTOpiB pania-
LilfHOI Ta HepaaialiiiHOT MPUPOIU HA KPUILTAIUK.

AHrionarig i aHriockJ1epo3 CiTKiBKH y 0Ci0, AKi 3a3Hau
By IB. Hanti nociinkeHHsT BUSIBUIM 3HAYHE 3pOC-
TaHHS TMOIIMPEHOCTi aHriomarii CiTKiBKM B KOIOPTi
JIiKBigaTopiB HaciaKiB HopHOOUIBLCHKOI KaTacTpodu
(314,8 + 14,5 na 1000 oci6 y 1993 poui i 911,9 = 19,7
Ha 1000 oci6 — y 2004 poui), 30iblI€HHST YaCTOTH aH-
riockjiepo3dy. BinHOCHMiI pu3MK aHTriomnatii B MOpiB-
HSIHHI 3 KOHTPOJIbHOIO TPYIIOI0 CKJIaB 2,6 IJIsT TpyIu
JiKBiZaTopiB, onpoMiHeHux B 103i 1o 0,05 I'p; 2,75 —
IUIsT 1030BOi miarpynu B miama3oni Big 0,05 mo 0,099
I'p; 2,86 — mis no3osoi minrpynu Bix 0,1 no 0,249 I'p;
2,93 — mrg TiX, 4ug no3a cradosuia 0,25 I'p i Buiie.
VY 6GaraTbox JiKBigaTopiB, IKMM CIIOYaTKy OYB BCTa-
HOBJIEHWU [iarHO3 aHriomarii, Mpd AWHAMiYHOMY
MOHITOPMHIY OyJio 3adikcoBaHO MepPETBOPEHHS
aHrionarii B aHriOCKJIEpO3: CTIHKU apTepiii MOTOBILY-
BaJIMCh, peJIEKCU 3 HUX CTaJIX OijbIll KOHTPACTHUMM,
MPOCBIT CYIWH 3MEHIIYBaBCs, a IXHiil Kajliop cTraBaB
HepiBHOMipHMM [88, 105, 106].

[lokazaHo, 1m0 MOsIBa 3HAYHMX IIOPYIIEHb CTaHy
MiKpPOLIMPKYJISIII CIIOCTEPIraeTbCcsl y OINPOMIHEHUX
oci6 [107]. Takum YMHOM, aHTriomaTisl CiTKiBKM € ma-
TOJIOTIi€I0 OYell, MOIIMPEHICTh SIKOI MOYMHAE 3pOCTa-
TU B OIIPOMiHEHMX Trpylax BiIHOCHO paHO, 4epe3
KiJIbKa pPOKiB Mmiclist onpoMiHeHHsI. OCHOBHUMMU (hak-
TOpaMU PU3UKY aHTiOMNaTii CiTKiBKY € BiK OMIPOMiHe-
HOI JIIOAWHM i Yac ITicjisl OMpOMiHEHHSI, BHECOK Bjac-
HE J103W OIPOMiHEHHS € MEHIIWM. 3i 30iJIbIIeHHIM
yacy MicJisl BIUIMBY HaBiThb HU3bKO1 Ao3u IB pusuk
PO3BUTKY CYAMHHOI MATOJIOTi1 CITKiBKM 3HAYHO 3pOC-
tae [88, 105].

XopiopeTtunasbHi auctpodii. Y BinganeHoMy nepiofi
nicass YopHoOMIBCHKOI KaTacTpodu y ONMpOMiHEHUX
0Ci0 HEepigKOo MiarHOCTYyBalud XOpiOpETWHAIbHI TUCT-
podii. HaitbGinbill mOIMpPEHUM BUIOM MATOJOTLII CiT-
KiBKM y OIIpOMiHEHMX Jwaeii Oyjia LeHTpalibHa
XopiopeTuHanbHa AUCTpodisd (MaKyasipHa OUCTPO-
(ist). Bona Mae KJiHiuHY KapTUHY, MOIiIOHY 10 KJTiHI4-
HOI KapTUHU BiKOBOI AereHepaliil MakyJu y 3arajibHii
nomyJisuii [16, 88, 96], i, iiMOBipHO, B MailOyTHHOMY
MOTpedyBaTUMe MOCTIMHOTO i JOBOJIi CKIAagHOTO O(-
TaJibMOJIoriyHoro jJikyBaHHs [108—110].

BinHOCHMIA pU3KUK PO3BUTKY MaKyJa0auCTpodii po3-
paxoBaHU 3 BUKOPUCTAHHSIM HeJIiHiliHOT Moei, 3a-
JIexkHo Bin mo3u 1B i mepeOyBaHHS B yMOBaX pU3UKY 3a
5 pokiB. Pe3yabratv MoAeIl0BaHHS BiITHOCHOTO pU3K-
Ky i eKciiecy BiTHOCHOTO PU3MKY PO3BUTKY MaKyJIsIp-
HOI aucTpodii MoKa3aau, 10 iCTOTHUI BIUTUB MaiOTh
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well as rigorous analysis of impact from different fac-
tors of radiation and non-radiation nature on lens
are strongly needed.

Angiopathy and angiosclerosis of the retina in per-
sons affected by IR. Our studies revealed the signifi-
cant increase in the incidence of retinal angiopathy in
a cohort of liquidators of the Chornobyl NPP acci-
dent aftermath (314.8x£14.5 per 1000 people in 1993
and 911.9%19.7 per 1000 people in 2004) and also an
increase in the frequency of angiosclerosis. The rela-
tive risk of angiopathy in comparison with a control
group was 2.6 for the group of liquidators who were
irradiated by a dose up to 0.05 Gy; 2.75 — for those
who were affected by doses ranging from 0.05 to
0,099 Gy; 2.86 — for a dose group ranged from 0.1 to
0.249 Gy, 2.93 — for those whose dose made up 0.25
Gy and higher. In many liquidators initially diagnosed
with angiopathy, while monitored in dynamics, there
was recorded a transformation of angiopathy into
angiosclerosis: arteries walls became thicker, reflex on
them — more contrast, the lumen of vessels decreased
and the caliber became uneven [88, 105, 106].

It is shown that the appearance of the significant
microcirculation disorders observed in exposed persons
in the remote period following radiation exposure [107].
Thus, retinal angiopathy is an eye pathology which
prevalence starts to increase in the irradiated groups rel-
atively early, several years following the exposure to
radiation. The major factors triggering the risk of retinal
angiopathy are the age of the person irradiated and the
time of staying under risk, the contribution of radiation
dose is smaller. With increasing in duration of exposure
to even a low dose of IR, the risk of vascular pathology
development of the retina rises considerably [88, 105].

Chorioretinal dystrophies. In the long-term period
following the Chornobyl accident chorioretinal
dystrophies were quite often diagnosed in the irradi-
ated persons. The most common type of retinal
pathology in the irradiated people was central
chorioretinal dystrophy (macular dystrophy). It has
a clinical picture similar to the clinical picture of
age-related macular degeneration in the general
population [16, 88, 96], and therefore, significant
medical interventions will be needed in the future
[108—110].

The relative risk of macular dystrophy was calcu-
lated with the use of non-linear model depending
on the ionizing radiation dose and time under risk
of 5 years. The results of relative risk modeling and
excess of relative risk of macular dystrophy showed
that the major impact is made by such factors as
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Taki ¢pakTopu, SK BiK (BimHOCHMIA pusuk — 1,73
(1,49—1,73) 3a 1 pik, excluec BiTHOCHOIO PU3UKY —
1,08 (1,06—1,10) 3a 1 pik), yac puM3MKy i J03a OI-
poMiHeHH (BigHOCHMI pu3uK 6,45 (3,12—13,37), exc-
1ec BigHOCHOTO pr3uKy — 1,25 (1,14—1,37)3a 1V (d - 1),
ne d — go3a ioHi3yo4oro BunpoMiHoBaHHs, Ip, t —
yac pU3HUKY, poKiB. JlaHi KOTOPTHUX AOCHiIKEHb i Ma-
TeMaTUYHOTO MOJIeJIIOBAaHHS 103BOJIMIN BCTAHOBUTH,
10 PU3UK MaKYJSIPHOI AUCTPOPil HANOLIBIIOIO
MipOI0 3a/IeKUTh Bil BiKy OMNpPOMiHEHHUX JIOAEH Ha
MOMEHT O00CTeXEeHHSI, Yacy pU3HUKY i 403U 10Hi3yI0U0-
ro BUnpomiHioBaHH: [88, 96, 103].

Pesynbraté onTUYHOI KOrepeHTHO1 ToMorpadii Ma-
KyJISIpHOI 30HU y pekoHBasecueHTiB I'TIX y Bigmane-
HUI MepioJ XBOPOOU BUKIMKAIOTh 3HAYHUI iHTEpecC 3
TOYKHU 30PY OLIIHKM MOXKJIMBUMX PadioiHIyKOBAaHUX O(D-
TaJlbMOJIOTiUHMX edekTiB. JochimkyBaHa rpymna pe-
koHBaznecueHTiB I'TIX ©Oyna posnoaineHa Ha ABi
miarpynu: 1) Imami€eHTH 31 BCTAHOBJICHUM [iaTHO30M
MakyJIsIpHOI JereHepanii CiTKiBKM; 2) MaILli€HTH, Yy
SIKMX He OyJI0 MaTOJIOTIYHUX 3MiH MaKyJISIpHOI 30HMU.
Excrnieptusy npoBoauau yepes 25 pokiB miciist YopHo-
omnbcpkoi kKatactpodpu. OKT y pexkoHBasieCLieHTIB
I'TIX moxkazana, 1o 3arajbHa Mop¢o-apXiTeKTOHiKa
CiTKiBKM y Jofeil B 000X IiArpymnax CyTTEBO He
BiapizHsack. I1pu ubomy 0yJ10 3aikcoBaHO CTaTUC-
TUYHO JOCTOBipHE 30iJbILI€HHSI TOBIIMHU CITKiBKU B
¢oBeosti, MOPiBHIHO 3 HEOIPOMIHEHUM KOHTPOJIEM.
Taxe 30inbIIEHHS MOX€e iCTOTHO BILUIMBAaTU Ha (PYHK-
LiOHAJIbHUI CTaH CiTKiBKU, OCKiJIbKH 3MiHIOIOThCS Ma-
paMeTpu CTPYKTYP, TiCHO TTOB’sI3aHUX 3 (DOTOPEIETO-
pamu [15, 96, 111]. Kpim Toro, onruuHa GyHKILis
CTPYKTYP CITKiBKM € BaXKJIMBOO; 3pOOJIEHO MpUITy-
LLIEHHS, 1110 TPUYMHOI0 MeTaMOPdOICiii MOXYTb OYTU
3MiHUM TOBILUMHMU CiTKIBKU Y MaKyJISIPHiiA 30Hi.

IIpomeneBa miaykoma. Mepeska KITIiTHH, 1110 3HAXOIUTh-
Cs1 Ha MEXi paiiy>kHOi 00OJTOHKM i pOTiBKM, BiTTOBIiTa€ 3a
JIpeHaXX BHYTPIlTHbOOYHOI pinuHuU. TTopyllieHHsI BiATOKY
BHYTPILLIHBOOYHOI PIAMHU CIIPUYMHSIE MiIMOM BHYTpILlI-
HBOOYHOTO TUCKY, 3MEHIIIEHHSI KPOBOIOCTaYaHHSI OpraHa
30Dy, IJIayKOMATO3HE MOIIKOKEHHSI BOJIOKOH 30pOBOTO
HepBa [112]. 3a ocTaHHI KidbKa POKiB OyJM OTpHMMaHi
LIiKaBi IaHi, SIKi BKa3ylOTh Ha Te, 1110 IJlayKoMa MoxKe OyTu
HOBUM MMOBIpHUM 11epeOpoodTaIbMOIOTIYHUM eheK-
TOM. [OJIOBHOIO OCOOJIMBICTIO TJIAyKOMM € TIIBUIIEHU
BHYTPILIHBOOYHU TUCK, SIKUI pYMHYE CTPYKTYpU BCepe-
JIMHI 1 HABKOJIO 30pOBOr0 HEPBA, 1110 BUKJIMKAE KIIIHIYHO
3HAUYILy AUCGYHKIIIO 30py i, B KiHLIEBOMY ITICYMKY,
ciiroty [113, 114]. imoHCHKiI aBTOPU HEIIOAABHO MOBIIO-
MWIM PO HASIBHICTb 3B’S13KY MiXK OiJTbII BUCOKOIO TTOIIM -
PEHICTIO HOPMOTEH31iMHOI TJIayKOMM 1 03010 OIMPOMiHEH-

age (relative risk — 1.73 (1.49—1.73) per 1 year, an
excess of relative risk — 1.08 (1.06—1.10) per 1
year), under risk time and irradiation dose (relative
risk 6.45 (3.12—13.37), excess of relative risk —
1.25 (1.14—1.37) for 1 V (d - t), where d — ionizing
radiation dose, Gy, t — time under risk, years. The
cohort studies data and mathematical modeling
made it possible to establish that the risk of macu-
lar dystrophy in large part depends on the age of
irradiated people at the moment of examination,
under risk time and ionizing radiation dose [88,
96, 103].

The results of optical coherent tomography of
macular zone in ARS convalescents in the remote
disease period are of significant interest in terms of
possible radio-induced opthalmic effects. The group
of convalescents was divided into two subgroups: 1)
patients with the established diagnosis of macular
retinal degenerations; 2) patients who had no patho-
logical changes in macular zone. The examination
had been conducting in 25 years following the
Chornobyl accident. Optical coherent tomography
showed that the general architecture of retina of the
patients in both subgroups did not substantially dif-
fer. At the same time, a statistically reliable increase
in thickness of the retina in foveola vs. with non-
irradiated control was recorded. Such increment can
significantly influence a functional condition of the
retina as the parameters of the structures closely
connected with photoreceptors change [15, 96,
111]. Besides, optical function of the retina struc-
tures is important; an assumption that changes of
thickness of the retina in macular zone can be the
cause of metamorphopsia development (a curvature
of a form and the sizes of objects) was made.

Radiation glaucoma. A meshwork of cells lying at
the junction of the iris and the cornea is responsi-
ble for aqueous drainage. Failure of this drainage
causes intraocular pressure elevation, eye blood
supply reduction, and retinal neurons damage due
to glaucoma [112]. During recent few years some
interesting data, pointing out that glaucoma could
be a new likely cerebroophthalmic effect, have
been obtained. The main feature of glaucoma is
elevated intraocular pressure (I0OP) destructing the
structures in and around the optic nerve which
causes clinically significant visual dysfunction,
and eventually blindness [113, 114]. Japanese
authors recently informed about the presence of
relationship between the higher prevalence of nor-
mal-tension glaucoma (NTG) and radiation dose
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HS B OCi0, SIKi BVDKWJIM TTiCJISI aTOMHOTO OOMOapIyBaHHS B
Sronii, onpoMiHeHux y no3ax 0—4 I'p, 3 OLIHEHUM BiTHO-
meHHsaM maHcis npu 1 I'p, mo gopisaroe 1,31 (95 % I: Bin
1,11 mo 1,53), ane ¥oro crieuniqyHMiI MEXaHi3M 3aIUIIAETh-
cst HeBimomuM [115]. Y momanbinomy, y 1 640 oci6, siki BIzKK-
JIU Ticjid aTOMHUX OombapmyBaHb B SImMoHil, 3a maHUMU
KJIiHIYHOI Bi3yasli3allil JMCKa 30pOBOI0 HepBa, pe3yjibraTaMu
MepUMETpii Ta iHIIMX pe3ysIbTaTiB JOCIIIKEHHST odeil Oylio
BUsIBIIEHO 196 BunaakisB raykomu (12 %), ripu 1iboMy HOp-
MOTEH3illHa TJlayKoMa CIIOCTepiraiach 4acTillle cepel BCiX
mintumiB (78 %); Mana HeraTUBHY acCOLIIMOBAHICTb 3 LIEHT-
paJIbHUMU JliaMeTPaMM CYIMH CiTKiBKM; ITO3UTUBHO OB s13a-
Ha 3 103010 OIPOMiHEHHS (BiIHOLLIEHHS IaHciB Ha 1 I'p or-
pominennst = 1,39, 95 % Al: Bix 1,15 no 1,69; p < 0,01 mipu ce-
penHiii 1o3i onpominenns 0,66 Ip). [diameTpy LIEHTPaIbHOI
BEHU CITKiBKM MaJM TEHAEHIIIO 10 3MEHIIICHHS MpU 30i/Ib-
ILIEHHi TO3H, 3 OLIIHEHOIO CEPEIHBOIO 3MiHHOIO -1,41 MKM Ha
1 I'p onpominenns (95 % M1 Bix -2,7 no -0,1; p = 0,03). Lle
nepiie NOBiIOMJIEHHS, SIKE JeMOHCTPYE MOTEHLUIMHNI BHe-
COK TIOpYIIEHHSI OYHOIO KPOBOOOIry B PO3BUTOK HOPMO-
TEH3IiHOI I1TayKOMU, TOB’s3aHoi 3 1B, 3 BUKOpPUCTaHHSIM
300paXeHb CITKiBKM OKa, OTPMMAHUX Y OCi0, $IKi BYDKWIU
micsst aToMHoro 6omo6apayBaHHs B Sronii [116].

Harmni pesynsratu rmoxkasaiu, 10 y JiKBiZaTOpiB HACIi/I-
KiB aBapii Ha YopHoOWIbCchKiit AEC 3HaUHO BUIIUI pU-
31K BUHMKHEHHSI iHBOJIIOTMBHIX 3MiH KyTa IepeIHbOI Ka-
Mepu (CKJIepo3 TpaOeKyIsIpHOi 30HU, BimKIageHHS
MirMeHTY i ekcgoIiaTUBHI YaCTKN B HbOMY, 3BY>KEHHS Be-
HO3HOTO CHUHYCa CKJIEpM, TCHICHIIiSI IO 3BYXKCHHSI KyTa
nepeaHbol KaMepu B JIeSIKMX O0JIACTSIX) B IOPIBHSHHI 3
KOoHTposibHOIO rpymnolo (RR = 3,5 (1,27-9,5), x* = 7,48;
p = 0,031). Taka paHHs 110siBa MOPGOJIOTIYHUX 3MiH KyTa
MepeaHbOl KaMepy MOXe MPU3BECTHU A0 30LIbIIEHHS Yac-
TOTU BiIKPUTOKYTOBOI IIIAyKOMM Y Cy0’€KTIB, SIKi 3a3HAIU
BBy IB, y BimmaneHomy nepioni micias aBapii [117].
ITpu nosropHoMmy orsani B HHIIPM 434 oci6, ski npa-
moBayin B YOpHOOMJIBCHKINl 30HI BiT4y>K€HHSI B SIKOCTI
nepcoHaly NiAPSIAHUX OpraHizalliit, 3a1y4eHuX 10 poOOTH
3 TIEPETBOPEHHS 00’€KTa «YKPUTTS» Ha €KOJIOTiYHO 0e3-
MeYHy cucTeMy (IMepBUHHI 00CTeKeHHS 1IUX Malli€HTIB Oy-
Ju mposeneHi B 2009—2011 pp.) mepBUHHA 3aXBOPIO-
BaHiCTh Ha MIaykomy crtaHoBuia 13,82 Ha 1000 ocib.
ITopiBHSIHO 3 TEPBUHHOIO 3aXBOPIOBAHICTIO Ha IJ1ayKOMY B
yKpaiHchKii monyssuii (0,65 va 1000 oci6, a6o 0,07 %),
1€ 3pOCTaHHS BUIJISAA€E BeJIbMU 3HauyiuM [118]. MoHi-
TOPUHT Tpynu JikBinaropiB aBapii Ha YAEC BusiBUB BU-
it pusuk (RR = 3,5 (1,27-9,5), x> = 7,48; p = 0,031),
MOPIiBHSAHO 3 KOHTPOJBHOIO TPYIIOI0 IS iHBOTIOLIMHMX
3MiH KyTa MepeaHbol KaMepu (CKJIepo3 TpadeKyIsipHOi
ciTyactoi 00JIacTi, CKYMUYeHHs MirMeHTy Ta eKcgOosiaThB-
HUX YaCTUHOK Y L[iii 00J1aCTi, 3By>KEHHSI CKJIepaJIbHOIO Be-

in Japanese atomic bomb survivors irradiated at
doses 0—4 Gy, with estimated OR at 1 Gy of 1.31
(95% CI: 1.11 to 1.53), although the specific
mechanism remains unclear [115]. Hereinafter,
in 1,640 Japanese atomic bomb survivors 196
cases of glaucoma (12 %) based on optic disc
appearance, perimetry results, and other ocular
findings were revealed. At that, NTG had the
highest frequency among all subtypes (78%),
was negatively associated with central retinal
vessel diameters (CRAE and CRVE), and was
positively associated with radiation dose (OR
per unit increase in Gy = 1.39, 95% CI: 1.15 to
1.69, p < 0.01 at mean radiation dose of 0.66
Gy). Diameters in CRVE tended to decline as
dose increased, with an estimated mean change
of -1.41 um per 1 Gy radiation exposure (95%
CIL: -2.7 to -0.1, p = 0.03). This is the first
report demonstrating the potential contribution
of perturbed ocular circulation to development
of radiation-related NTG using retinal images
obtained from Japanese atomic bomb survivors
[116].

Our results have showed that the Chornobyl
clean-up workers have a significantly higher risk of
involutive changes of the anterior chamber angle
(ACA) (trabecular zone sclerosis, pigment deposi-
tion and exfoliative particles in it, narrowing of the
venous sinus of the sclera as well as the tendency to
the ACA constriction in some areas) compared to
the control group (RR=3.5 (1.27-9.5); x*=7.48,
p = 0.031). Such early appearance of the ACA
morphological changes may lead to an increase in
the incidence of open-angle glaucoma in subjects
affected by IR in the remote post-accident pe-
riod [117]. At the re-examination in NRCRM of
434 persons worked in the Chornobyl exclusion
zone as a staff for the contracting organizations in-
volved in the work on transformation of the
«Shelter» object into an ecologically safe system
(the prime examinations had been pefrofmed on
those patients in 2009—2011), the primary inci-
dence of glaucoma was 13.82 per 1000 persons. In
comparison with the primary incidence rate of
glaucoma in the Ukrainian population (0.65 per
1,000 people, or 0.07%), this increase seems to be
quite significant [118]. Monitoring of the group of
liquidators of the CNPP accident in comparison
with a control group shows a high risk (RR=3.5
(1.27-9.5) x*=7.48, p=0.031) of involutional
changes of the anterior chamber angle (sclerosis of
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HO3HOT'O CUHYCA, CXUJIbHICTh JO KyTOBOI'O 3BYXKEHHS Y
MeBHUX 30Hax). Takuii paHHiil 1e010T MOP(ONAOTIYHUX
3MiH KyTa NepeJHbOl KaMepu MOXE BUKJIMKATU 30i/1b-
IIEHHS YaCTOTU BiIKPUTOKYTOBOI TIJIayKOMU Yy OII-
POMiHEHMX OCi0 y BijmajgeHOMy Iepiofi B AUHaMIilli
micjas onpoMiHEeHHs. Y KOropTi JikBigatopiB (4 017
oci0) mpoTtsarom 13 pokiB ITWHAMIYHOTO MOHITOPUHTY
(18 pokiB micias YopHoOMILCHKOI KaTacTpodu) Iriay-
KoMa OyJ1a aiarHocToBaHa y 28 mawieHTiB (6,97 Ha 1000
0ci0 y IpyIli crioctepexXeHHs ). PiuHa 3aXBOPIOBAHICTb,
TakuM armHoM, ckiana 0,54 na 1000 oci6. 3pocraHHS
3aXBOPIOBAHOCTI Bi3HAYAETHCS TPU 30iJbILICHHI 1031
10 0,25 I'p [119]. Pesyabratu oocrexxenns (2012 p.) 449
MEIIKaHLiB 30H IOCUJIEHOTO PaaioeKOJOTiYHOIO
KOHTPOJIIO TI0Ka3aju, IO IOIIMPEHICTh IJIAayKOMU B
MX 30HaX cTaHoBUTH 6,68 Ha 1000 oci6. Bimomo, 1110
MOIIMPEHICTh IJTaykoMu B KWIBCHKiil 00nacTi cTaHO-
BUTh 4,12 Ha 1000 oci6 [120]. Takum 4yuMHOM, HaILi
JOCHTiIXKEHHSI MOKa3ylTh 3pOCTAHHSI 3aXBOPHOBAHOCTI
Ha TJaykoMy cepena ornpomiHeHux oci6. Lleir edexkr,
MOXJIMBO, POSIBUTBCS Y TUX OCi0, SIKi 3a3HAIOTh BILIM-
BY BiTHOCHO HU3bKUX 103 IB.

VY mropeit, sIKi 3a3HaM ONMPOMIHEHHSI Oueil y BUCOKMX
J03ax abo TIepeHec pagioTepartiio 3 BUCOKOIO MOTYXK-
HICTIO 103U, HEOBACKYJISIpHA IJTaykoMa Oyra iarHOCTO-
BaHa B 7—48 % sBumankiB [121—125]. Lli 3Haximku,
TOB’sI3aHi 3 BHECKOM MOMKJIMBUX pamialliiHUX ypaskeHb
MaJIMX CyIMH OKa B PO3BUTOK MOCTpamialliiHOI HOPMO-
TEH3iliHOI IJIAayKOMU, MOBHICTIO Y3rOMXKYIOThCS 3 eIlie-
MiOJIONYHUMU JAHWMHU, SIKi BU3HAYAIOTh padialliiiHi pu-
3UKU IJIs1 LIepeOpOoBacKyJISIpHOI TaToJIOrii Mpy J03ax >
0,1Tp[126],>0,15Tp[127]i> 0,25 p [126—128]. Lika-
BO, 110 Ha JaHWI Yac JesiKi aBTOpU MPUITYCKaIOTh, 1110
IJIayKoMa Moxe OyTH HeiipomereHepaTUBHUM 3aXBOPIO-
BaHHsIM. [lependauyaerbcsi, 110 MOXe iICHYBaTU KOMIIO-
HEHT MO3KY, SIKMI1 He 3aJIe3KUTh Bifl IOIIKOKEHHS Oueii
i Bilirpae reBHy poJib B eTiosorii rimaykomu [129]. TTokas-
HUKU AOudy3iiHO-TeH30pHOI Bidyasisallii, 0COOJUBO B
30POBUX TPaKTaX, 30POBUX HEPBaX i CYAUHHMX CIUIETiH-
HSIX, 3MIHIOIOTHCS Y TIALIIEHTIB 3 TIEPBUHHOIO BiIKPUTO-
KYTOBOIO TJ1aykoMmolo. [lepBrHHA BiTKpUTOKYTOBA IJIay-
KOMa BUKJIMKAE MiKPOCTPYKTYPHi 3MiHU (3MEHILIEHHS
KiJIbKOCTi HEPBOBMX BOJIOKOH), $IKi 3a4illaroTh JUISIHKUA
MO3KY, noB’s13aHi 3 30poM (BA19), nemnpeciero (BA10/
BA46/BA25) Ta mam’sitio (BA29), 1110 TinTpuMy€e KOH-
LIETLi10, 3TiAHO 3 SIKOIO MEPBMHHA BiIKPUTOKYTOBA IJ1ay-
KOMa BILUIMBA€E Ha HEMpPOAHATOMiUHi BITHOCUHU B MO3KY
JIIOIMHU He JIMIE BCepeMHi, ajie i 1o3a MexXaMu 30po-
Bux usixiB [130]. TTpo aHanoriyHi pe3yasraTi MOBiTOM-
JISUIM i IpY HOPMOTEH3iiHiH riayKoMmi. AHaJTi3 JTaHUX Ju-
(y3iitHO-TeH30pHOI Bi3yasizallii Ha OCHOBi pedepeHT-

the trabecular meshwork area, accumulation of pig-
ment and exfoliative particles in this area, narrowing
of the scleral venous sinus, a tendency to angle nar-
rowing in certain zones). Such early onset of morpho-
logical changes of the anterior chamber angle can
cause increased frequency of open-angle glaucoma in
the irradiated in the long-term period in dynamics fol-
lowing radiation exposure. In a cohort of the liquida-
tors (4017 people) during 13 years of dynamic moni-
toring (18 years after the Chornobyl accident) glauco-
ma was diagnosed in 28 patients (6.97 per 1000 per-
sons of the group monitored). The annual incidence,
thus, was 0.54 per 1000 persons. The incidence growth
was noticed as a dose increases to 0.25 Gy [119]. Exa-
mination results (2012) of 449 inhabitants of zones of
the tightened radio environmental control showed that
the prevalence of glaucoma in these zones is 6.68 per
1000 people. It is known that the prevalence of glauco-
ma in Kyiv region is 4.12 per 1000 people [120]. Thus,
the study testifies the growth of incidence of glaucoma
among the irradiated people. This effect can also ap-
pear among those exposed to relatively low doses of IR.

In persons exposed from high-dose and high
dose-rate radiotherapy to the eye, neovascular glau-
coma was diagnosed in 7—48% of cases [121—125].
These findings related to the contribution of possi-
ble radiation-induced small ocular vessels to the
development of post-radiation NTG are strongly
consistent with epidemiological data which defines
radiation risks for cerebrovascular pathology at
doses >0.1 Gy [126], >0.15 Gy [127], and >0.25 Gy
[128]. Interestingly, at present some authors assume
glaucoma to be a neurodegenerative disease. It is
postulated that there may exist a brain component
that is independent from the eye damage playing a
role in the aetiology of glaucoma [129]. Diffusion
tensor imaging (DTI) indices, specifically in the
optic tracts, optic nerves, and optic radiations, are
changed in patients with primary open-angle glau-
coma (POAG). POAG causes microstructural
changes (decrease in fiber numbers, FN) involving
brain regions associated with vision (BA19), depres-
sion (BA10/BA46/BA25), and memory (BA29),
which supports the concept that POAG affect neu-
roanatomical relationships in human brain not only
within, but beyond the visual pathways [130].
Similar findings were reported in normal tension
glaucoma (NTG). Atlas-based diffusion tensor
imaging (DTI) analysis was capable of indicating
WM damage in the four regions associated with
visual and visual-related functions in NTG patients,
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HUX aTjaciB BUSIBUB IMOILUIKOIKEHHS 01101 pe4OBMHU B 4YO-
TUPLOX O0JIACTSIX, OB’ SI3aHUX 13 30POM i 30pOBO-CIIOPiIHE-
HUMU (YHKIISIMA Y MALIEHTIB 3 HOPMOTEH3IHOIO IJ1ayKo-
MOI0: OinarepasibHa 3aIHs TaJlaMiyHa TTPOMEHUCTICTh, OiNla-
TEPaJIbHUI cariTabHUI cTpiaTyM, OilaTepaibHa LIMHTYJISIP-
HO-TiITOKaMIIaJibHA IUISTHKA 1 OiJlaTepanbHE CKIICITIHHS/Stria
terminalis. Kpim Toro, BusiBUjOCS, 110 IapaMeTpu Iu-
(y3iitHO-TeH30pHOI Bizyastizallil B IMX JUISTHKAX MO3KY KO-
PeIoI0Th 3 TaKMMU CIIEUM(MIYHUMU MapkKepaMU IJ1IayKOMU,
SIK CepeIHE BiIXWJICHHS ITOJISI 30pY i TOBIIMHA IIapy HEPBO-
BUX BOJIOKOH CiTKiBKHM, IIPUYOMY BUILIE3TafaHi 3MiHU Mepe-
JyBaJIy BUSIBJICHHIO 3BY>KE€HHSI MOJIiB 30pY B LIMX Malli€H-
TiB [131]. By/0 BUCYHYTO NPUITYILIEHHS, 1110 3MiHU, aCOLIi0-
BaHi 3 IN1AayKOMOIO, BXX€ MTPUCYTHI B OLli Ta TOJJOBHOMY MO3KY,
nepul HiXK CyTTEBA BTpaTa 30py MOXe OyTU BUSIBJICHA
KJIiHIYHO 3 BUKOPUCTAHHSIM Cy4aCHUX METOMIIB TECTYBaHHSI.
ITpu LiboMy Tpy T1ayKOMi y TIEpBUHHII 30pOBiil KOPi TaKOXK
Oyau BHUSBIEHI Habarato BMpasHilli (YyHKIiOHAIbHI
MOPYLIEHHS, HIXK Y 30pOBUX AUISIHKAX T'OJOBHOTO MO3KY
OibII BUCOKOTO mopsaky [132]. V samoHChbKUX TALEHTIB 3
HOPMOTEH3IMHOIO TJIayKOMOIO MeToAu Audy3iiHO-TeH30p-
HOI Bi3yaJtizallii BUSIBUIM Oiiblll HU3bKY (ppakliiiiHy aHi30T-
PpOITit0 B 30pOBiii MPOMEHUCTOCTI, BEJIMKUX LIUMLSIX i MO30-
JINCTOMY TiJli, 1110 3aCBigUy€e AereHepallito 0iJlol peuOBUHU Y
1ux obaactsax. KpiMm Toro, gereHepatiist 6ij10i pe4oBUHU MO-
30JIMCTOrO TiJla BKa3ye Ha HasIBHICTh HeipoaereHepaltlii ro-
JIOBHOT'O MO3KY 3a Me&XaMU TOTO, 110 TPaIUIIiTHO ITOSICHIO-
BaJIM TIPOTPeCYBAHHSIM IMOILIKOMKEHb CITKiBKM Ta KOJIiHUaC-
tux Ti [129]. I1pu rmaykomi, sika 3a3BM4ail HE BBAXKAETHCS
JEMi€JTiHI3yIOUMM 3aXBOPIOBAHHSIM, CIIOCTEpiraaocs 30i1b-
LIEHHS pafiaabHOl A1udYy3ii B MexKax 30pOBUX MPOMEHUCTOC-
Tel, 110 Oy/0 TororpadiyHo MiATBEpIKEHO MOJOBKEHHSIM
JIATEHTHOCTE BUKJIMKAHMX MOTEHLIialiB, sIKi, SIK BiIOMO, €
HeUpodYHKIIOHAILHUM MapKepoM neMmieniHizauii [57].
BBaxkaeTbcs, 1110 AeMi€niHi3alisl € 0i0JIOTiYHUM MapKepoMm
Mi3HIX HECTTPUATIMBUX LiepeOpaibHUX e(PEeKTiB MPOMEHEBOI
Teparii, SIKi 3a3BUYail BUSIBJIIIOTHCS Yepe3 IIICTh MICSLIB i
Mi3Hillle Mic/s 3aKiHYeHHS Kypcy JIIKyBaHHS Ta XapaKTepu-
3YIOThCSI CTIMKMMM KOTHITUBHMMU TTOPYLLIEHHSIMU 1 pamio-
JIOTIYHO BUAMMUMMU HEHPONATOJOTIYHUMI 3MiHAMM, Ta BBa-
JKalOThCs HE3BOPOTHUMMU i mporpecytounmu [1, 7]. Y nesxkux
nyOJTiKaLisIX 3raay€eThbCsl PO MOPYILIEHHS IBOX MOKAa3HMKIB
CEMaHTHUYHOI MaM’sTi, a came: TIpUTamxyBaHHS ITiCIs KOMYy-
BaHHS 3 JIOBFOTPUBAJIOI TaM’SITi CJIiB, MPEACTaBICHUX Ha
CIyX, i pO3Ii3HaBaHHSI BEJIMKOro HabOpy iMEHHHUX 300pa-
JKeHb, 110 BKa3y€ Ha IMOPYIICHHS BMIIOIO CHPUITHATTS i
ITaM’SITi B CJTYXOBUX i Bi3yaTbHMX MomaiibHOCTsIX. [ToB’s13aHe
3 MPOMEHEBOIO Teparti€l TOPYILICHHS TJTaJlbHOTO MiITO3Y,
0OCOOJIMBO OJTITOIEHAPOLIUTIB, MOIJIO O TIPU3BECTU 10 TUMYA-
COBOI JIeMi€eiHi3allil Ta MOSICHUTU BMILE3raJaHuii Helpo-
KorHiTMBHMI meditnit [133—135].

specifically in bilateral posterior thalamic radia-
tion, bilateral sagittal stratum, bilateral cingu-
lum-hippocampus, and bilateral fornix/stria
terminalis. Moreover, DTI parameters in that
brain areas turned out to correlate with such
specific glaucoma indices as the mean deviation
of visual field (MDVF) and retinal nerve fiber
layer (RNFL) thickness and the above-men-
tioned alterations occurred before detectable
visual field loss in those patients [131]. It was
hypothesized that glaucoma deterioration is
already present in the eye and the brain before
substantial vision loss can be detected clinically
using current testing methods. At that, the pri-
mary visual cortex also exhibited more severe
functional deficits than higher-order visual
brain areas in glaucoma [132]. In Japanese
patients with NTG DTI revealed lower
Fractional Anisotropy in the optic radiations,
forceps major and corpus callosum suggesting
white matter degeneration in these loci.
Moreover, the degeneration of the corpus cal-
losum points to the presence of neurodegener-
ation of the brain beyond what can be
explained on the basis of propagated retinal
and pre-geniculate damage [129]. In glauco-
ma, which is typically not considered a
demyelinating disease, there was an increment
in radial diffusivity within the optic radiations,
that was confirmed by topographically linked
delay of visual evoked potential latency, a func-
tional measure of demyelination [57]. De-
myelination is believed to be the biological
marker of the late-delayed radiation therapy
damage, which typically begins six months and
later on after finishing treatment course, is
characterized by steady cognitive impairment
and radiographically visible neuropathological
changes, and it is considered to be irreversible
and progressive [1, 7]. Some reports mentioned
the disruption of two measures of semantic
memory, namely the postencoding retrieval
from long-term memory of words auditorily
presented and recognition of a large set of
nameable pictures, indicating violation of
higher perception and memory in auditory and
visual modalities. The radiation therapy-relat-
ed disruption of glial mitosis, especially of
oligodendrocytes, would result in temporary
demyelination and account for the already-
mentioned neurocognitive deficits [133—135].
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JUCKYCIA TA ITIEPCITIEKTUBU
HeitiporicuxiatpuuHi posnaau miciass YopHOOUIbChKOL
KaTtacTpou € EeTIiOJNIOTIiYHO TEeTepPOreHHUMH dYepes
KoMOiHoBaHuIi BIiUB IB B moenHaHHI 3 COLliaIbLHUMM
edeKkTaMu i TpaauLiiHUMU (DaKTOpaMU PU3BUKY, TaKU-
MU SK BiK. 3rifHO 3 HasIBHUMU JAHUMM, B YYaCHUKIB
JikBigauii HacmigkiB aBapii Ha YAEC 1986—1987 pp.
crocTepiranaocs 3HauyHe J0303aIeKHe 301JIbIIeHHS TH1C-
¢ynkuit IIHC ta opraHiB 4yyTTs, BEr€TOCYAUHHOI TUC-
TOHII, apTepiajibHOI rinepTeH3il Ta LiepeOpOBaACKYISIP-
HUX 3axBoproBaHb. Halibinbil 3HAYylIMMM MAaTOJOTi-
MU € IepeOpoBacKyspHa MaTojorisa (0co0JUBO 1ie-
pedpabHUI aTepOCKIePO3) i HEUPOKOTHITUBHUM nedi-
muT [68, 69], gK i B 0Ci0, 110 BUXWIM ITicas aTOMHUX
6oMmbapayBaHb [136]. OnHak BrutuB Manux 103 IB, sxi €
OOHUM 3 OCHOBHUX IOCTiTHULILKMX TPIOPUTETIB IJIsI
BUBYECHHSI HEpaKOBUX €(EeKTiB iOHi3yloUuoi pamialiii Ha
TOJIOBHUIA MO30K JIIOAWHU, BCE 1IE 3ATUIIAETHCS CyIIe-
pewiuBuM [7].

EnexrpodizionoriuHi nocmixkeHHsT MalOThb 3HAYHUI
MOTEHILiaJI 3 TOYKM 30pY BUSBJIEHHS i KiJIbKiCHOI OLIiIHKM
MOXJIMBOIO TOLIKOMXYIOUOro paaioiHAyKOBaHOTO
BIUIMBY Ha TOJIOBHHUI MO30K JIOAWHU. 30KpeMa, 1o0pe
BiZIOMO, 1110 JOBrOTpUBaJie MOTEHIIiIOBaHHS B TITOKAMITI,
sIKe, SIK BBaXKa€TbCsl, € OCHOBOIO HaByaHHS 3a [. XeO-
0oM Ta, oTxke, (PopMyBaHHS MaM’sTi, BiAOYBa€ThCs Ie-
peBaXHO B MEeBHUX (pa3ax KOJMBaHb TeTa-Hialla30HY
(4—8Tix) [137, 138]. CyuacHi nncuxodizionoriuyHi qocis-
JKeHHST MOXYTh 3pOOMTH iCTOTHUII BHECOK Y BMBUCHHS
pamialiiHO iHAYKOBaHMUX LepeOpoodTaIbMOJIOTIUHUX
eeKTiB.

Hami naHi cBigyaTh mpo HassBHiCTb BUSIBJEHUX K-
JIMBUX TIcuxodizionorivuHux edexTiB IB HaBiTh Mpu oI1-
poMiHeHHi B mo3ax jauuie noHazn 0,05 I'p [139—142]. Ta-
KMM YMHOM, Hallli pe3yJabTaTd Y3TOMXKYIOTHCS 3 IyM-
KOO iHIIMX aBTOPiB, SIKi TMOBIZOMIISIOTH TIPO 3HAYHI
HECHPUSTINBI HACTIAKN BIUIUBY 3HAUHUX 103 KOCMiU-
HOT'O BUIIPOMIiHIOBaHHS JIJISI TOJIOBHOTO MO3KY, a TAKOXK
BKa3ylOTh Ha MMiaBUIIeHi pamiamiiiyi pusuku g LIHC
[4, 10, 143—145].

HissHKM Ha JaTepajibHii MOBEPXHI MO3KY MOXYTh
OyTH YMOBHO PO3IOJIiJIEHi Ha Ti, IKi 0OPOOISIOTh Cy-
xoBy iH(popmamnito (mons bpoamana 41, 42, 22) i Ti, 110
00pOo0JISIIOTh 30pOBY (Bi3yanbHy) iH(popmalio (mojs
bpoamana 20, 21, 37, 38) [146]. TakuM 4uHOM, BHIIIi
nepuenTUBHI (yHKIIii Ta iHTerpauisi CCHCOpHOi iHpOop-
Mallii 3 pi3HUX MOJAJbHOCTEl € OJHUMU 3 HalBax-
JIUBILIMX TIPOLIECiB, SIKi BimOyBalOTbCSI caMe Y CKpO-
HeBiil Kopi. JlaHuii hakT BaxkJIMBU 3 paaiodiosoriyHol
TOUKHM 30pPY, OCKUJIbBKKM BiAOMO, 110 HelpoaHATOMiuHi
CTPYKTYPU CKPOHEBOI YaCTKU T'OJOBHOTO MO3KY IyXKe

DISCUSSION AND PERSPECTIVES
Neuropsychiatric disorders following the
Chornobyl disaster are etiologically heteroge-
neous due to the combining effects of the IR
coupled with social changes and traditional risk
factors, such as age. According to available data,
a significant dose-related increase of the CNS
and sensorial organs dysfunctions, vegetative-
vascular dystonia, arterial hypertension and
cerebrovascular diseases, was observed in clean-
up workers of 1986—1987 working period. The
most relevant pathologies are cerebrovascular
pathology (especially, cerebral atherosclerosis)
and cognitive deficit [68, 69], as that in atomic
bomb survivors [136]. However, the effects of low
doses of radiation on the brain which are among
the main research priorities for exploring of non-
cancer effects of radiation, still remain contra-
dictory [7].

Electrophysiological studies have a significant
potential in terms of detection and quantification
of possible harmful radio-induced effects on
human brain. In particular, it is well-known that
long-term potentiation in the hippocampus,
which is thought to be a basis of Hebbian learning
and thus memory formation, occurs preferentially
at specific phases of theta-band (4—8 Hz) oscilla-
tions [137, 138]. Up-to-date psychophysiological
studies can make a significant contribution to
investigation of radiation-induced cerebrooph-
thalmic effects.

Our data show evidence of presence of
detectable detrimental psychophisiological ef-
fects of ionizing radiation even at doses more
than 0.05 Gy [139—142]. Suchwise, our results
are consistent with other authors’ opinions stat-
ing the significant adverse consequences of space
relevant radiation dose rates on the brain, and
pointing to the CNS elevated risks [4, 10,
143—145].

Regions on the lateral surface can be divided
into those that represent auditory information
(Brodmann areas 41, 42, 22) and those that rep-
resent visual information (Brodmann areas 20,
21, 37, 38) [146]. Thus, advanced perception and
integration of sensory information from different
modalities is one of the crucial processes that
happen specifically in temporal cortex. The
given fact is important from the radiobiological
perspective as it appears that temporal lobe neu-
roanatomical structures are highly radiosensitive
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pamiouytiausi [1, 8, 139]. [pyHTYIOUMCL Ha aHATOMiY-
HUX 3B’3Kax MiX 30pOBUMM IiISTHKAMU, BIIMiHHOCTSI-
MU y BJIACTUBOCTSAX eJEKTpOoQi3ioIoridyHNX peakIiil i
eeKTax KOPTUKAJbHUX ypaxkeHb, OyJIO JOCITHYTO 3a-
TaJbHOTO KOHCEHCYCY CTOCOBHO TOrO, IO €KCTpa-
CTpiapHi KipKOBi 30HM OpraHi3oBaHi y [Bi, 3HAYHOIO
MipOIO0 OKpeMi CUCTeMHU, SIKi B KiHLIEBOMY ITiICYMKY IO-
JaloTh iH(popMallilo B KOPTUKAJIbHI acollialliaTUBHI 30-
HU Y CKPOHEBIl i TiM Hil DiTHKaX TOJTOBHOTO MO3KY.
OpHa 3 UMX CUCTEM, TaK 3BaHUI BEHTPAIbHUM IIISX,
BKJTIOYa€ B cebe minsaHKy V4 i Bene Bif cTpiapHOi Kopu
JI0 HIXKHBOI YaCTMHM CKPOHEBOI YacTKU. BBakaeThcs,
IO I CHUCTEMa BiAMOBigae 3a OayeHHS 3 BMCOKOIO
pO3AiJILHOIO 3JaTHICTIO i poO3Mi3HaBaHHS OO0’ €KTIB.
HopcanbHuit HIIsIX, SIKMI BKIIIOUYAE CEPEAHIO CKPOHEBY
YyacTKy, Bele BiJ cTpiapHOI KOPHU MO TiM’STHOI YaCTKM.
BBaxaeTbcs, 110 LI cUcTeMa BiAMNOBiZa€e 3a MPOCTO-
POBi aCEeKTH 30Dy, TaKi SIK aHaJi3 pyxy, a TAKOXK MpOcC-
TOPOBi BIiTHOCMHM MiX 00’€KTaMM TIpM iX Bi3yanbHilt
ouinui [147]. «BeHTpaabHMIT 30pOBUN IIJISIX» 3aTy4ae
HIKHBOCKPOHEBY KOPY B HAIIPSIMKY IEPEIHIX CKpOHE-
BUX HiJSIHOK i Ma€ BUpilllaJibHE 3HAYE€HHS JJIs Bi3yaslb-
Hoi imeHTHdiKaIii pizHNX 00’eKTiB [148]. VY mitepatypi
i LUISIXM 4YacTO Ha3MBalOThb «lIe/sIK» (IopcallbHMUIT) i
«I1o» (BEHTpaJbHUM) MLUISX, IMiAKPECIIOI0YM iX CcrHe-
HUMIYHY posib Y 30pOBOMY CIpUMHATTI [146]. Kiminiuni
JlaHi MaLi€EHTIB 3 ypaXKeHHSIM acoLliaTUBHOI KOPU CKPO-
HEBOI YaCTKM BKa3ylOTh Ha Te, 1110 OAHIEI0 3 OCHOBHUX
(yHKIIA 1i€el YacTUHU MO3KY € pO3Ili3HaBaHHSA Ta
ineHTH(diKallis BiyalbHUX CTUMYJiB, 0COOJIMBO CKJaI-
Hux. TakuM 4YMHOM, MOIUKOMXEHHS Oyab-sIKOi 3 BM-
1IerepepaxoBaHUX TiITHOK MOXeE IPU3BECTU A0 YCK-
JJaAHEHHs1 po3Mi3HaBaHHA, imeHTUdiKalii Ta Halime-
HYBaHHS pi3HUX KaTeropiii 006’exTiB. Lli po3naau y3a-
raJbHeHO Ha3uBaTh arHosigmu [147]. KoHkpeTHa
BTpaTa 3JaTHOCTI poO3Ili3HaBaTU 3HAWOMi OOJMYYS,
HaBiTh SIKIIO MaLli€HT 3JaTHUI onucaTu pi3uyHi 0cob-
JIMBOCTI TaKMX JIOICH, MOB’s3aHa 3 YypaxKeHHSIMU
HUKHbOI CKPOHEBOI KOPU i HA3MBAETHCS MPO30MarHo-
3i€10, TONi K ypaXXeHHSI cepeaHbOl CKPOHEBOI KOpU
MOXYTh IIPU3BECTH O BUHUKHEHHS pO3J1ajiB, sIKi Ha-
3UBaIOThCS PYXOBUMHU arHO3iSIMHM, IPU SIKMX IAlLliEHT
HE MOKe PO3Pi3HUTHU HepyXoMi i pyxoMi 00’ektu [149].
BusznaueHHsSI CKpOHEBOI KOpPU SK ITiISHKU BUILOIO
piBHS Bi3yaJbHOI TepLENIil MiATBePAXYETbCSI H0-
CJIIIXKEHHSIMU MO3KOBOI aKTUBHOCTI MaBII, SIKi HE BUSI-
BUJIM XKOJHUX O3HAK Bi3yaJlbHOI CBiZOMOCTI MHpu-
HaliMHi Ha Halmnepmux eTamax OOpoOKM 30pOBOI
iHopMalii y mepBuHHI 30poBiil kopi (V1) [147].
HeiipogisyanizaliiiHi 1aHi BKa3yloTb Ha Te, 1110 OKpeMi
JIISIHKM BCepeIrHi BeHTpaJbHOI CKPOHEBO1 KOPU MO-

[1, 8, 139]. Based on the anatomical connections
between visual areas, differences in electrophysi-
ological response properties, and the effects of
cortical lesions, a consensus has emerged that
extrastriate cortical areas are organized into two
largely separate systems that eventually feed
information into cortical association areas in the
temporal and parietal lobes. One system, called
the ventral stream, includes area V4 and leads
from the striate cortex into the inferior part of
the temporal lobe. This system is thought to be
responsible for high-resolution form vision and
object recognition. The dorsal stream, which
includes the middle temporal area, leads from
striate cortex into the parietal lobe. This system
is thought to be responsible for spatial aspects of
vision, such as the analysis of motion, and posi-
tional relationships between objects in the visual
scene [147]. The «ventral visual stream» (VVS)
involves the inferotemporal (IT) cortex towards
anterior temporal regions and is crucial for the
visual identification of objects [148]. In literature
these pathways often named the «where/how»
(dorsal) and «what» (ventral) pathways emphasiz-
ing their specific roles in visual perception [146].
Clinical evidence from patients with lesions of
the association cortex in the temporal lobe indi-
cates that one of the major functions of this part
of the brain is the recognition and identification
of stimuli that are attended to, particularly com-
plex stimuli. Thus, damage to either temporal
lobe can result in difficulty recognizing, identify-
ing, and naming different categories of objects.
These disorders are collectively called agnosias
[147]. The specific loss of the ability to recognize
familiar faces even though the patient is able to
describe the physical features of such individuals
is associated with the inferotemporal cortex
lesions and called prosopagnosia, whereas
lesions of the middle temporal cortex can lead to
a disorder called movement agnosia in which the
patient cannot distinguish between objects that
are stationary and those that are moving [149].
The definition of temporal lobes as region of
interests for higher visual perception is support-
ed by the studies of monkeys’ brain activity
which have not led to any clear hallmark of visu-
al awareness in at least the earliest stages of visu-
al cortical processing in the primary visual cortex
(V1) [147]. Evidence from neuroimaging indi-
cates that distinct areas within the ventral tem-
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KyTh OyTU BMCOKOCTIeUiadi30BaHUMU JJIS1 IEBHUX Ka-
Teropiit ctumyiis [146].

DyszipopmHa (BepeTeHOITONiIOHA) 3BMBUHA pearye
CUJIbHIiIIE Ha 00JIMYYS, HixK Ha iHIII 00’ €KTH, TOAI SIK I1a-
parinokamIajibHa JiJisSsHKa MpocTopy OiJiblle pearye Ha
300pakeHHsI OyaiBesib i CLIeH, HixK Ha oOJIM4Ysl Ta iHIi
o6’ektn [150]. He3maTHicTh po3mizHaBaTH Bi3yalbHi
CTUMYJIM, He3Baxkalouu Ha JOCUThH 30epeXkeHi eIeMeH-
TapHi 30poBi QYHKIIiT (HaIpUKIIaI, TOCTPOTa 30pY, ITpOC-
TOpPOBa KOHTPACTHA YYTJIMBICTh), a TAKOX HEITIOPYILICHY
00pOOKY MOBHUX CTUMYJIIB i 30epeskeHe po3IliZHaBaHHS
B iHIIMX MOJAJbHOCTSIX, BU3HAYAETHCS SIK 30pOBa ar-
HOo3is [146]. 3araiom, ypaxkeHHs ITpaBoi CKPOHEBOI KO-
PU MPU3BOIITH 10 arHo3ii 00JMY Ta HEXMUBUX 00’ EKTIB,
TOJi SIK YpakeHHSsI BiIMOBIAHMUX 00J1acTeil J1iBOi CKpOHEe-
BOI KOpM MalOTh TEHAEHIIil0 MPU3BOIUTHU 10 TPYIHOIIIB
3 ONaHyBaHHSIM MOBHOro Martepiany [147]. byno Buc-
JIOBJICHO MPUITYILIEHHS, 110 AesIKi 00JIacTi BEeHTpaJbHOL
CKPOHEBOI KOPU MOXYTh PO3IJISAIATUCS SIK YaCTUHU
OiJbII 3arajbHOI CHUCTEMU pO3Mi3HABaHHS 00’ EKTIB,
KPUTUYHOI IS pO3Mi3HaBaHHS TOHKUX PUC cepel 100pe
BinoMux 06’exTiB [151, 152]. bepyuu 10 yBaru Toit (hakT,
110 KOPTUKO-JIiMOiYHA cucTeMa J1iBOi JOMiHAHTHOI1
MiBKYJi € OCHOBHOIO MillleHHI0 1Jist 1B 3 KkputuuHum 3a-
JIy4€HHSIM JIiBOTO TilOKaMITy i CKpoHeBoi Kopu [1, 2, 8§,
139, 153], 110 MiaATBEPXKAYETHCS pe3yabTaTaMu ITOCIiI-
JKeHb Ha TBapMHaX, sIKi BKa3ylOTh Ha MOPYIIEHHS PO3-
ni3HaBaHHS HoBoro o6’ekrta (Novel object recognition),
noB’s13aHe 3 TUChyHKIIi€lo rimokammy [4, 10, 143—145],
MOXHAa OUYiKyBaTH «arHOCTUYHMII» ITOBEIiHKOBMII IIa-
TepH PadioiHAyKOBAHOI'O ITOIUKOIXXEHHSI MO3KY Y JIIO-
JIeit. Y psani mocligzkeHb OysIo 3alporOHOBAHO TiNoTe3y,
110 TIepUpUHAJIbHA KOpa TOJIOBHOIO MO3KY HeoOxiaHa
IJ11 OyIb-SIKOTO 3aBAAaHHS 3 Bi3yalbHOI1 AUCKPUMIiHaLIil,
SIK€ BUMAara€ BUPILUIEHHS HEOAHO3HAYHOCTI O3HAK Ha
piBHI 00’exTy y MaBn [154—156] i moneir [157, 158].
IikaBo, 110 A1 po3Mi3HaBaHHI 00’€KTIB iCHYE Ba OK-
peMuxX HEMpPOHHMX MEXaHi3MU: OIMH JIaTepali30BaHUI1
JI0 JIiBOTO BEHTpaJbHOMY LJISIXY, BaXKJIMBUIA IJIs1 aHATi3y
yaCcTUH 00’ €KTIB; Ta iHIIN, TaTepai3oBaHU 40 MPaBoO-
IO BEHTPAJIBHOTO LIJISIXY, IKWI € BaXKJIMBUM JIJIsI aHAJIi3y
mimx ¢opm [159]. Gazzaniga M, Bogen J i Sperry R.
[160] B 1960-x pokax 611cKy4Ye IPOACMOHCTPYBAJIH, 11O
po3disieHi MiBKyJIi y MaIli€EHTIB 3 PO3LIEIIEHUM MO3KOM
(byHKIIIOHYIOTH BiTHOCHO HE3aJIeKHO, a YCBiTOMJIEHHS,
OTpMMaHE BHACJiIOK 00poOKM iH(opMmalii oaHiElO
MiBKyJIel0, MepeBaXKHO HEIOCSKHE [JISl iHIIO1, 110 BUII-
paBIOBY€E HasIBHICTHb (PyHKIIIOHAJIBHOI acUMeTpil y BU-
IIOMY 30POBOMY CHPUUHATTI y JonuHU. [loripiieHHs
maM’sITi ITCJISI TTOIIKOMXKEHHST TOJIOBHOIO MO3KY 3a3BU-
yaii BBaXKA€TbCS PE3YyJIbTaTOM BTpaTH ab0 HEZOCTYII-

poral cortex may be specialized for specific cate-
gories of stimuli [146].

The fusiform face area (FFA) responds more
strongly to faces than to other non-face objects,
whereas the parahippocampal place area (PPA)
responds more to images of buildings and scenes
than to faces and other objects [150]. The inabili-
ty to recognize visual stimuli despite sufficiently
intact elementary visual functions (e.g. visual acu-
ity, spatial contrast sensitivity) as well as unaffect-
ed language processing and intact recognition in
other modalities is defined as visual agnosia [ 146].
In general, lesions of the right temporal cortex
lead to agnosia for faces and objects, whereas
lesions of the corresponding regions of the left
temporal cortex tend to result in difficulties with
language-related material [147]. It was suggested
that some regions of ventral temporal cortex may
be considered as parts of a more general object-
recognition system critical for recognizing subtle
features among well-known objects [151, 152].
Taking into account the fact that the cortico-lim-
bic system of the left, dominant hemisphere is
believed to be the main target for ionizing radia-
tion with the crucial involvement of left hip-
pocampus and temporal cortex [1, 2, 8, 139, 152]
and the results of animal studies indicating the
disruption of novel object recognition (NOR)
related to hippocampal dysfunction [4, 10,
143—145], the «agnostic» behavioral pattern of
the radio-induced brain damage in humans may
be expected to occur. A number of studies pro-
posed that perirhinal cortex is required for any
visual discrimination task that necessitates resolu-
tion of feature ambiguity at the object level in
monkeys [154—156] and humans [157, 158].
Interestingly, that there appear to be two distinct
neural mechanisms involved in object recogni-
tion: one lateralized to the left ventral stream,
important for analyzing the parts of objects; and
another lateralized to the right ventral stream,
important for analyzing whole forms [159]. It was
brilliantly demonstrated by Gazzaniga M., Bogen
J. and Sperry R. [160] in the 1960s that the divid-
ed hemispheres in the split-brain patients func-
tion relatively independently, and the awareness
generated by informantion processing in one
hemisphere is largely unavailable to the other one
justifying the presence of functional asymmetry in
higher visual perception in man. Poor memory
after brain damage is usually considered to be the
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HocTi iH¢opmanii. I{iTkoM MOXJIWMBO, IO Take IO-
riplIeHHs maM’sTi MOBUHHO OyTH MOB’sI3aHE 3 HEBIPHOIO
IHTepIIpeTaLi€l0 paHillle BUSBIEHOI iH(opMallil SIK HOBOI.
OnHak B eKCIlepMMEHTaxX 3 MaMm’STTIO 3 pO3ITi3HaBaHHS
00’€KTiB y I1IYypiB OyJ10 BHUSBIEHO, IO IOTipLIEHHS
naMm’gaTi MOXe MaTh MOPOTUIIEXHY (OpMy: CXMIbHICTb
crpuiiMaTH HOBI TMepeXuBaHHS K 3Haiomi [161]. Kpim
TOTrO, JIIOJ! 3 TOPYILIEHHSIMU MaM’SITi Yepe3 ypaKeHH:I ce-
peaHbOI CKPOHEBOI KOPU MOXYTh OYTU UYTJIMBUMU JIO
00’eKTHOI iHTepdepeHLlil Ta CUJIbHO BiABOJIKAIOThCS. Y
3aBIaHHi MACUBHOIO CIOMISIAAHHSI HA OCHOBI BiACTEXKEH-
HSI pyXiB OYei JIiTHI JIIOAU, CXWIbHI 0 PU3UKY JETKOIO
KOTHITUBHOTO TOPYIIEHHS, MOoKa3aaud MOMUJIKOBE pPO3-
Mni3HaBaHHS HOBUX 00’€KTIB 3 BUCOKMM pPiBHEM iHTep(de-
peHIii (31 3HAYHUM CTyIIeHeM 30iry XapaKTepuCTHK 3
paHillie BUBYECHUMU TIpeaIMeTaMM), ajie 3BUYaliHi peakilii
Ha HOBi 00’€KTU 3 HU3LKMM pPiBHEM iHTepdepeHlLii (Too-
TO, 3 OiJIbILII HU3bKUM CTYIIEHEM 30iry BidyaJbHUX Xapak-
TepucTuK) [162].

VY kiHueBoMy miacyMKy, IB mMoxe HeraTMBHO BIUIMHYTH
Ha roJJOBHUI MO30K Ta OpraH 30pYy Y JIOAWHM, 1110 TTPU3Be-
Jle 10 KOTHITUBHHUX i 30pOBUX TMOpYLIEeHb. BianoBigHO 10
HasgBHOI iH(popMallii mpo Te, 10 3MiHU OpraHa 30py MOXYThb
BUKJIMKATU ab0 OyTM MOB’I3aHMMU 3 TIOPYLICHHSIMU
(byHKI11ii1 MO3KY, i HaBITaKX, MY 3aITPONTOHYBaIV MO3HAYNUTH
11 B3aEMO3B’SI30K SIK «BiChb OKO-MO30K», a TAKOX ITOIJIH-
OUTU AiarHOCTUKY MATOJIOTI opraHa 30py SIK paHHiX Ta Jier-
KOJOCTYITHUX MapKepiB MOXIIMBOIO pPalioiHAyKOBAHOTO
ypaxkeHHST MO3KY 3a BILUTMBY HM3bKUX 103 1B [163].

TakuM 4rMHOM, MaOYTHi JOCTiIKEHHS MOXKJIMBUX Lie-
pebpoOoGTATEMOIOTIYHNX pagialliifHX e(eKTiB y JTIOTUHI
TMOBUHHI OYTH CIPSIMOBaHiI Ha MOIIYK CIeHUMIUHUX MOp-
¢osoriuHux, HeipoBizyalizaliiiHuX, HelpodizioaoriyHux
i HEMPOINCHUXOJIOTIYHMX MapKepiB MOpPyLIEHb OOPOOKM 30-
POBOTO CIIPUIHSTTS HA PiBHI BTOPUHHUX Ta TPETUHHUX 30H
roaoBHoro Mos3Ky. HeoOxigHi mopanbili MiXHapOIHi
JOCTiIKEeHHSI 3 aleKBaTHUM JO3UMETPUYHUM CYITPOBOIOM,
a TaKOX TPUBAIWM MEIUYHUI i 6i0Di3UUHNIT MOHITOPUHT
Pi3HUX KOTrOpT, SIKi MOXYTb 3a3HaBaTU BILUIMBY i0Hi3yHO4OI1
pamianii 3a pi3HUX CLIEeHapiiB OMPOMiHEHHS.

TakyuM 4MHOM, MOAAJbILi AOCTIIKEHHS B rajay3i BUB-
YeHHs1 pafaiouepedpasbHUX edeKTiB IMOBUHHiI OyTH
30pPIEHTOBAHI, 30KpeMa, Ha BUBUEHHS 3MiH i CTPYKTYyp-
HUX Ta/ab0 (YHKIUIOHATBbHUX OCOOJMBOCTEN TaKUX
CTPYKTYp, K ciTyacta 000JJOHKA, 30pOBUIA HEPB, CEPEI-
HsI i HUXKHSI CKpOHEBi 3BUBMHM (BiamoBigHi nossm bpoa-
MaHa 20 i 21), HIKHBOCKPOHEBA KOpa — HiJsSTHKa, KpU-
TUYHA 11 PO3ITi3HABaHHSI 30pPOBUX 00’€EKTIB, a TaKOX
MefdiaJlbHi CKPOHEBi YaCTKM — CYKYIHICTh 3HAYHOIO
MipoI0 B3a€EMO3aJICKHUX CTPYKTYP, TAKMX SK TilIOKaMII,
eHTOpMHa/IbHA, MepUpUHAaJIbHA 1 TaparinokamiiajbHa

result of information being lost or rendered inac-
cessible. It is assumed that such memory impair-
ment must be due to the incorrect interpretation
of previously encountered information as being
novel. However, it was revealed in object recog-
nition memory experiments with rats that
memory impairment can take the opposite
form: a tendency to treat novel experiences as
familiar [161]. Moreover, individuals with mem-
ory disorders due to MT lesions can be vulnera-
ble to object-based interference and highly
distractable. In eyetracking-based passive view-
ing task, older adults at risk for mild cognitive
impairment showed false recognition to high-
interference novel items (with a significant
degree of feature overlap with previously studied
items), but normal novelty responses to low-
interference novel items (with a lower degree of
feature overlap) [162].

In the final analysis, exposure to ionizing radi-
ation could affect the human brain and eyes lead-
ing to both cognitive and visual impairments.
According to available information that eye alter-
ations may induce or be associated with brain
dysfunctions and vice versa, we propose to label
this relationship «eye-brain axis» as well as to
deepen the diagnosis of eye pathologies as early
and easily obtainable markers of possible low
dose IR-induced brain damage [163].

Thus, future studies of possible cerebrooph-
thalmic radiation effects in humans should be
focused on search for specific morphological,
neurovisualisation, neurophysiological and neu-
ropsychological markers of higher visual percep-
tion processing disruption in a very broad sense.
The further international studies with an ade-
quate dosimetic support as well as the follow-up
medical and biophysical monitoring of various
cohorts involved in radiation-related activities in
different scenarious are necessary.

Hence, the regions of interest (ROI) for further
neuroimaging research related to human radio-
cerebral effects in terms of their structural or
functional features can comprise the middle and
inferior temporal gyri (corresponding to
Brodmann areas 20 and 21; also called area TE),
inferotemporal (IT) cortex, a region critical for
visual object recognition, as well as the medial
temporal lobes (MTL), a collection of heavily
interconnected structures, which include allocor-
tical structures such as the hippocampus and adja-
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Kopa. TpaauiiiiHo BBaXKa€eThCs, 110 BKa3aHi CTPYKTypHU
YTBOPIOIOTh CUCTEMY, MPU3HAUYEHY s TOBrOTPUBAIOL
nam’ari [146].

JouinbHo, 3 MCUX0(di3ioNnoriyHOi TOUKU 30Dy, TOCIi/I-
>KYyBaTU BUILIE 30pOBE CIPUMHSTTS Y JII0eil 3 BUKOPHUC-
TaHHSIM €KCIIEpUMEHTAIbHUX ITapagnurM, SIKi BPaXoOBY-
IOTb BUJIUJIEHHSI IIEBHUX OCOOJIMBOCTE HEHPOHHOI 00-
pOOKM, sIKa BigOyBa€TbCsl, KOJM MU YCBIIOMJIIOEMO
1I0Ch (HaTpUKJad, 30POBUIA CTUMYJT), TOPIBHSIHO 3 TUM,
KOJIM LIbOro He BimOyBa€eTbcd (HAMpPUKIAA, MpeacTaB-
JICHHSI OJHOTO I TOTO X CTUMYJIY B 00CTaBUHAX, B SIKMX
BOHO He BUKJIMKAE CIIPUNHATTS). TakuM ynHOM, hi3nd-
HUU CTUMYJ € HE3MIHHMM i, IK HACIiIOK, CIYTYE CBOIM
BJIACHUM KOHTpoJieM [147].

Baprto Big3zHauuTH, 1110 OCOOJIUBY yBary Cjiia Ipumaian-
TU WMOBIipHilt IaTepaJizallii paaioiHAyKOBaHUX ypaxkeHb
TOJIOBHOT'O MO3KY (T€ XX caMe 30a€ThCS CIIPaBEITUBUM i
JIJIs TIOBEAiHKOBMX MaTepHiB) Y JiBill MiBKyai yepe3 Te,
mo Ticuxodizionoriudi HectipuaTIuBi epexkTn 1B Mo-
KyThb cITocTepiratuch B 30Hi BepHike (J1iBa 3amHs CKpO-
HeBa 4acTKa), sKa Ma€ BUpilllabHe 3HAYEHHS UIs1 PO-
3yMiHHS MoBH [55, 110, 139—142].

MoxxHa IPUITYCTUTH, IO CTPYKTYPU CKPOHEBHUX Yac-
TOK, SIKi OepyTh y4acTh y pO3Mi3HaBaHHI CKJIAAHUX Bi3y-
aJlbHUX 00pa3iB (cepeaHsi CKpoHeBa 4yacTKa, MepUupu-
HajJbHa KOpa, HIKHBOCKPOHEBa Kopa, ¢y3udopmHa
(BepeTeHOITIONiIOHA) 3BMBMHA, TaparimoKaMITaJibHa Ii-
JITHKA) Ta 3HAYHOIO MipOI0 CTPYKTYpHO Ta (DYHKIIiO-
HaJIbHO iHTEerpoOBaHi 3 riMoKamMmnoMm, 00pe BitoMUM CBO-
€10 PamiovyyTIMBICTIO, MOXYTh OYTH MOTEHLIAHOIO Mi-
LIEHHIO JIJIS1 MOLIKOIXKYOUOro BIUIMBY IB, mpuHalimMHi,
MiC/s1 BIUIMBY BUCOKOEHEPTreTUYHOTO BUIIPOMiIHIOBAH-
Hs. PagioBpa3imnBicTh IMX HEMPOAHATOMIYHUX CTPYKTYP
B Jiala30Hi MajuX 103 A0Ci HE BUBYEHA, & TOMY OBUH-
Ha OyTH MpeaMEeTOM TMONAIBIINX IHTEHCUBHUX MOP(PO-
JIOTIYHUX, HelpoBi3yasizaliiiHuX, Helpodi3ioaoridHux
i MOBENiHKOBUX AOCHIIKEHb 3 BUKOPUCTAHHSIM €KCIIe-
PUMEHTAJIbHUX MOAEJEeH Pi3HOro piBHS OpraHizalii —
Bi/l KJTITUHHOTO JI0 OPTaHi3MEHOTO.

Y nopanblnx po3aijiax 1bOro IUKIIY pOOiT MU BUCBIT-
JIMMO HasiBHiI B JIiTepaTypi pe3yJabTaTh OOCTEXEHHS
OpaLiBHUKIB aTOMHOI MPOMMCIOBOCTI, BHYTPilIHbOYT-
poOHO OoNpoMiHEHEHUMX 0Ci0, iHTepBEeHLIMHUX paaioso-
TiB, BiliCbKOBOCJY>KOOBIIiB, aCTPOHABTIB TOIIIO.

KoHdipeHuinHicTb iHPomauii Ta piHaHCOBI
iHTepecu

ABTOpPH He pO3roJIONIYIOTh KOHDiNeHIIiiHY iH(hOoMallilo
Ta HE MaloTh XXOMHOI MPUHAJIEXHOCTI a00 (hiHAHCOBOI
3allikaBJIEHOCTi B Oyab-sIKiii opranizallii, sika Morja 0
CTBOPUTH KOHQITIKT iHTepeCiB.

cent entorhinal, perirhinal, and parahippocampal
cortex, and are traditionally believed to form a sys-
tem devoted to long- term memory [146].

In terms of psychophysiological studies, the
higher visual perception in humans may be inves-
tigated using some intriguing experimental para-
digms implying extracting some features of the
neural processing that occurs when we are aware of
something (e.g., a visual stimulus) compared with
when we are not (e.g., presentation of the same
stimulus under circumstances in which it does not
elicit a reportable percept), so that the physical
stimulus remains unchanged and thus serves as its
own control [147].

It is worth noting that special attention should be
paid to the likely lateralization of the radio-
induced cerebral lesions (the same seems reason-
able for the behavioral patterns as well) to the left
hemisphere due to the fact that psychophysiologi-
cal detrimental effects of IR may involve the
Wernicke’s area (the left posterior temporal
region), which is crucial for processing and com-
prehension of human speech [55, 110, 139—142].

It can be assumed that such temporal lobe struc-
tures as medial temporal lobe (MT), perirhinal
cortex, inferotemporal (IT) cortex, fusiform face
area (FFA), parahippocampal place area (PPA)
which are highly structurally and functionally inte-
grated with hippocampus (which is well-known
with its radiosensitivity), involved in complex visu-
al patterns recognition may be a potential targets
for detrimental IR impact, at least following high-
energetic radiation exposure. The radiovulnerabil-
ity of those neuroanatomical stuctures in low-
doses range is still arguable and should be an object
of future intensive morphological, neuroimaging,
neurophysiological and behavioral research
involving cell, animal and human experimental
models.

In the next parts of this series of works, we will
highlight the results of the surveys of nuclear
industry workers, persons irradiated in utero,
interventional radiologists, servicemen, astro-
nauts, etc. available in the literature.
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