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T'OJIOBHUI1 MO30OK TA OPTAH 30PY SIK IIOTEHIIIMHI MIIIEHI
JUIA BINIMBY IOHI3YIOYOI'O BUITPOMIHIOBAHHA.

YACTHUHA IV — PO3JVIAI BIHOKYJIAPHOI'O 30PY ILVIOJA,
CIIPUYMHEHI PATIIALIMHUAM BILIMBOM IN UTERO:

IIJIOTHE JOC/IIIKEHHA. IMYHOI'TCTOXIMIYHI 3SMIHA
HEOITPOMIHEHUX M’A3IB O9YHOI'O ABbJIIYKA ITPU
KOCOOKOCTI. MOKJIMBUUW MEXAHI3M PO3BUTKY
KOCOKOCTI B OCIb, AKI 3A3HAJIN ITPEHATAJIBHOI'O
OITPOMIHEHHA

KocookicTb — Baroma npuymnHa 3HUKEHHS QYHKLIOHANbHUX MOXIWUBOCTENH OpraHa 30py i NOTipWeHHs AKOCTI XUTTSA
nauieHTiB. MoOXnMBUIA MexaHi3M naToreHe3y KOCOOKOCTI BKtOYae opbiTanbHi hakTopu i 3MiHM HEPBOBOT CUCTEMMU.
MoBigoMAeHHs NPo NopylleHHs GIHOKYNAPHOTo 30py Y PaAialiiiHO oNpoMiHeHMX 0Ci6 HeyncneHHi. PyHKLUIT 30BHIWHIX
M's3iB OYHOro A61yKa MOXYTb GYTM MOPYLIEH] BHACNIAOK 3MiHM KOOPAMHALiHOMO npouecy MiAKipKOBUX HEPBOBMUX
CTPYKTYp i BHACNiAOK 3MiHM MeTabonizmy. [ins 3'scyBaHHS MOXIMBOrO matoreHesy po3nafis 6iHOKyNapHoro 3opy y
0Ci6, AKi 3a3HaNU ONPOMiHEHHs, HeOOXiaHI peTeNbHi LOCHIAKEHHS.

MeTa: ouUiHMTK 0COGNMBOCTI PO3BMTKY KOCOOKOCTI Ta NopylieHb GiHOKYNApHOTo 30py B 0Ci6, AKi 3a3Hanu BNAUBY
1OHi3yl040ro BMNPOMiHIOBAHHA Y BHYTPilWIHbOYTPOOHOMY nepiofi; AOCNifUTM 3MiHM Y pPO3MOAINi Ta NosABi Mio3uHy,
anctpodiHy Ta konareHy IV mix HeonpoMiHeHMMM 0co6amu 3 GIHOKYNAPHMM 30pOM Ta 0CoBaMy, WO CTPAXKAAOTb Ha
KOCOOKiCTb.

Marepianu Ta metogmu. 06cTexeHo 583 0cobu, sKi OTpUManyM BHYTPilIHbOYTPOOHE ONpOMiHEHHA BHAcnigoK YopHo-
OunbCbKOT KaTacTpotu; ixHill cepepHit Bik Ha MOMeHT obcTexeHHs cTaHoBuB (11,3 + 0,1) pokis. [pyny NopiBHAHHA
cknanu 808 ocib, MewkaHLiB M. Kuea. MapanenbHo byno gocnigxeHo 15 3pa3kiB M'A3iB 04HOro a61yKa HEONpPOMiHe-
HUX 0Ci6, 3 AKMx 10 0Ci6 CTpaxaanu Ha KOCOOKICTb i 5 Hanexanu Ao KOHTPONbHOT rpynu. [ns ouiHkn mopcdonoriyHoi
CTPYKTYPU BUKOPUCTOBYBA/IN 3a0apPBIEHHS reMaTOKCUNiH-€03UHOM. [Ins BUABNEHHSA Mi03UHY, AUCTPOdiHY Ta Konare-
Hy IV 3acTocyBanu 6ioTuH-aBignHoBwii (biotin-avidin (IMH)) imyHoricToximiuHuit meTof. [Ins OLiHKM 30BHiWHbOMO
BUMIALY iIMYHOPEAKTUBHUX CTPYKTYP Ta X IOKaNbHOrO po3noAiny BUKOPUCTOBYBANU HaMiBKiNbKiCHWIT MeTOA rpagyto-
BaHHS.

Pe3ynbratu. Y rpyni BHYTPillHbOYTPOOHO ONpoMiHeHNUX BHacnigok YopHobunbcbkoi katactpotu ocib Bussne-
HO MiABULEHY, Y 3iCTaBNEHHI 3 rpynoto NOpPiBHAHHSA, YacToTy po36ixHOi KocookocTi (p = 0,04190) Ta retepo-
dopii (p=0,002603). BigHocHui1 pusuk retepodopii cknas 5,08 (1,42-18,13). Y HeonpoMiHeHUX M'A3ax 04HOrO A6-
NYKa, ypaXeHUX KOCOOKICTIO, CNOCTepiranoca 3HUXEHHA piBHA AUCTPOdiHy, Mio3uHy Ta konareHy IV no3uTuBHMX
CTPYKTYP NOPiBHAHO 3 KOHTPOJIbHOIO PYnoto.

BUCHOBKU. BusBneHi 3MiHM BKa3ylTb Ha MiABMIEHY IMOBIpPHiCTb PO3BUTKY KOCOOKOCTi B 0Ci0, AKi 3a3Hanu BHyT-
pilHbOYTPOOHOrO ONpoMiHeHHs. M'A31 04yHOro A61YKa, YpaXKeHi KOCOOKICTIO y HeOMpOMiHEHNX 0Ci, XapaKTepusy-
tOTbCA 3HUKXEHHAM iIMYHOTICTOXIMIYHUX CTPYKTYP Mio3uHy, auctpodiny Ta konareHy IV. AkicHi mopdonoriuHi 3miHu B
CKeNeTHWUX NonepeyHOCMyracTux M'A30BUX BOMIOKHAX, 3MiHM CTPYKTYPHOT OpraHi3alii, BKa3ylTb HAa MOXMBY M'A30BY
ancTpodito. TakKMM YMHOM, HASIBHICTb AUCTPODIYHMX MPOLECiB Yy M'A3aX 0YHOTO ABIyKa MOXKE BiflirpaBaTh iCTOTHY posib
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y MopdonaTtoreHesi KOCOOKOCTi. [N yTOUHEHHs PO3BUTKY NOpyLieHb GIHOKYNAPHOro 30py Ta METOAIB X KopeKuii He-
006xigHi noganblwi MmopdonoriyHi gocnimkerHs. Ui gocnigxeHHs 6yayTe 0COOMMBO BaXIUBI /i HACENEHHS, fKe 3a3-
Haio BNMBY pafiaLii.
KnioyoBi cnoBa: BHYTPilWHLOYTPOOHE ONPOMiHEHHS, i0Hi3yloue BUNPOMiHIOBAHHSA, KOCOOKiCTb, M'I3M 04HOTO A6YKa,
riCTOXiMiYHi JOCNiIXKEHHS, naToreHes.
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BRAIN AND EYE AS POTENTIAL TARGETS FOR IONIZING
RADIATION IMPACT.

PART 1V — FETAL RADIATION-INDUCED BINOCULAR VISION
DISORDERS: A PILOT STUDY. IMMUNOHISTOCHEMICAL
CHANGES OF NON-IRRADIATED EYEBALL MUSCLES AFFECTED
BY STRABISMUS. EVIDENCE OF A POSSIBLE MECHANISM OF
THE STRABISMUS DEVELOPMENT IN PERSONS EXPOSED TO
FETAL RADIATION

Strabismus is a significant cause of a decrease in the functional capabilities of the organ of vision, additionally, it
leads to the deteriorating quality of life. Orbital factors and nervous system changes may play an important role in
strabismus pathogenesis. There are few reports on binocular vision disorders in radiation-exposed persons.
Functions of the external eyeball muscles might be disturbed based on the changed coordination process of subcor-
tical nerve structures and due to altered metabolism. A carefully conducted research is necessary to clarify the pos-
sible pathogenesis of binocular vision disorders in radiation-exposed persons.

Objective: to assess the peculiarities of the development of strabismus and binocular vision disorders in people who
were exposed to ionizing radiation in utero; to investigate the changes in distribution and appearance of myosin, dys-
trophin, and collagen IV between non-irradiated persons with normal binocular vision and patients with strabismus.
Materials and methods. 583 persons, irradiated in utero because of the Chornobyl disaster were examined (at the
time of examination average age was 11.3 + 0.1 years). The control group — 808 people - Kyiv residents. Overall, 15
non-irradiated eyeball muscle samples were examined. 10 were from strabismus patients and 5 were controls. To
evaluate morphological structure haematoxylin and eosin staining were used. For the detection of myosin, dys-
trophin, and collagen IV biotin-avidin (IMH) immunohistochemistry method was performed. Semi-quantitative
grading method was used for the evaluation of immunoreactive structure appearance and local distribution.
Results. An increased frequency of divergent strabismus (p=0.04190) and heterophoria (p=0.002603) was found
in the group exposed to prenatal (fetal) radiation because of the Chornobyl disaster compared to the control
group. The relative risk of heterophoria was 5.08 (1.42 — 18.13). A decrease in dystrophin, myosin, and collagen
1V positive structures was observed in non-irradiated strabismus-affected eyeball muscles compared to the control
group.

Conclusions. Detected changes indicate an increased probability in the development of strabismus in persons who
had been exposed to fetal radiation. Non-irradiated strabismus-affected eyeball muscles are characterized by dimin-
ished myosin, dystrophin, and collagen IV immunohistochemical structures. Additionally, determined qualitative
morphological changes in skeletal striated muscle fibers lead to the changed structural organization, indicating
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possible muscular dystrophy. Thereby, the presence of dystrophic processes in the eyeball muscles may play a signif-
icant role in the morphopatogenesis of strabismus. Further morphological studies are necessary to clarify the devel-
opment of binocular vision disorder and the methods of their correction. These studies would be especially impor-

tant to populations that were exposed to radiation.

Key words: irradiated in utero, ionizing radiation, strabismus, eyeball muscles, immunohistochemical studies,

pathogenesis.
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BCTVYII

Y nmaHoMy UMKI poOiT, MPUCBIYEHUX OMTAIBMO-
JIOTIYHUM i LlepeOpalbHUM e(eKTaM BILUIMBY iOHi3yI0-
YOro BUITPOMiHIOBaHHSI, HE MOXXHA OMUHYTH MOXJIMBI
npobieMu OIHOKYJISIPHOIO 30py B 0cCi0, SIKi 3a3Halu
pamialiifHOTO BIUIMBY. 3a0e3IMeYeHHS CIiBAPYKHBOTO
pyXy oyeil — omHa 3 BaXJIMBUX (PYHKIIiHA HEPBOBOL
CHCTEMM, a CITIBAPYXHil pyXx ouyeil € mepemyMoOBOIO
HasIBHOCTI OiHOKyJsipHOTO 30py. KOoCcookicTh — Baro-
Ma MpUYMHA 3HUKEHHS (PYHKLIIOHAJIBHUX MOXIUBOC-
Tell opraHa 30py i MOTipIIEHHS SIKOCTi XXWUTTS Malli-
€HTiB [1].

IToBinomaeHHSs Mpo NopyLIeHHsT 0iHOKYJISIPHOTO 30-
Py Y pamialiifHo OIIpOMiHEHMX OCi0 HeunceHHi [2—4],
He3BaxkalouMu Ha Te, 1110 OIPOMIHEHHS CIIpUSIE I0sIBi
SIK O(PTaTbMOJOTIYHUX, TaK i HEBPOJOTLIYHUX TOPY-
LeHsb [5, 6]. Jas BUBYEHHS pO3JamiB CHiBIPYXXHBOTO
pyXy oueii B 0ci0, sIKi 3a3Ha/IM il i0HI3yH04OI padialiii,
BaXXJIMBO HE TiJIbKM MPOBECTHU €IiAeMiOIOTiUHi JOCITi/-
JKE€HHsI, ajie 1 BU3HAYUTH MOXJIMBI MEXaHi3MU PO3BUT-
Ky TakMx posjiaaiB. BimoMo, 1110 pO3BUTOK KOCOOKOCTi
BUBYEHO HEIOCTAaTHHO, 110 YCKIATHIOE BIOCKOHAJICHHS
METO[IiB 10oro NpodiTaKTUKK Ta JiKyBaHHS [1].

ITosiBa micns pagialiifHOro BIIMBY 3MiH KOOpAMHALIil
MiIKOPKOBUX HEPBOBUX CTPYKTYP i MOPYIICHHSI MeTa-
001i3My MOXKYTb 3MiHUTU HEOOXiTHUI OajlaHC 30BHill-
HiX M’s13iB oka [1] i, SIK HacHimOK, MOPYIIUTH (DYHKIIii
30BHIIIIHIX M’$13iB OYHOTO s1071yKa. [ BU3HAYeHHS
HaIpsMKiB MOLIYKY MOXJIMBUX MEXaHi3MiB pPO3BUTKY
3MiH OiHOKYJISIPHOIO 30py Y pafialliiHO OIMpOMiHEHUX
0ci0 HeoOXigHI peTebHI JOCTiIKeHH. BuBunT 3MiHu
CITIBAPY>KHBOTO PyXy O4Yeil, Ha BiAMiHy Big Oararbox
IHIIMX pi3HOBMIB MaToorii oka [4, 7—9], 3 O4eBUITHUX
npuauH [ 10] MOXKIJIMBO TiJTLKA B TPYIIax ocid, OormpoMiHe-
HUX iHTpaBiTpeanbHo [11, 12], abo y MeIIKaHIIiB
pagiauiiiHO 3a0pyaHEHUX TEPUTOPil, 11O 3a3Halu
Halioiaporo pagiauiiHoro BrmBy [13—15]. I1pu 1po-
My, TIONPU MEHILY YMCEJbHICTh IPYIl OMNPOMIHEHUX in
utero B OPiBHSIHHI 3 MEIIKAHIIIMU padialliiiHo 3a0pya-
HeHux Tepurtopiii [16—20], iMOBipHiCTb BUSIBJICHHS
Oy/Ib-SIKMX MATOJIOTIYHMX 3MiH B LIili TpyIli BU1lIA, 3BaXKa-
I0UM Ha IMiJBUILEHY YyTJIMBICTb eMOpioHa i 1oLy 10 Ail
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INTRODUCTION

In this cycle of works devoted to the ophthalmological
and cerebral effects of ionizing radiation exposure,
one cannot ignore the increased risks and possible
complications of binocular vision disorders in persons
radiation exposed in utero. One of the most important
functions of the nervous system is to ensure proper
joint movement of the eyes, which is a prerequisite for
binocular vision. Strabismus can cause a significant
decrease in the organ of vision functional capabilities
and worsened quality of life in patients [1].

There are few reports on binocular vision disorders
in radiation-exposed persons [2—4]. Exposure to
radiation influences both — ophthalmological and
neurological disorders [5, 6]. To study eye movement
disorders in people exposed to ionizing radiation, it is
important not only to conduct epidemiological stud-
ies but also to determine the possible mechanisms of
the development of such disorders, for instance,
immunohistochemical changes in eyeball muscles.
The complete pathogenesis of strabismus has not
been studied enough that complicates the improve-
ment of prevention and treatment techniques [1].

The necessary balance of external eye muscle reg-
ulation [1] may be disturbed after radiation expo-
sure. Functions of the external eyeball muscles may
be disturbed based on the changed coordination
process of subcortical nerve structures and due to
altered metabolism. Therefore, carefully conducted
research is needed to clarify the direction of possible
pathogenesis of binocular vision disorders in radia-
tion-exposed persons. It is possible to study changes
in joint movements of eyes in groups irradiated in
utero [11, 12] and/or in residents of radiation-con-
taminated areas that have experienced the greatest
radiation exposure [13—15]. Due to the increased
sensitivity of the embryo and fetus to the action of
ionizing radiation [21] the possibility to detect any
pathological eye changes is higher in persons
exposed to fetal radiation compared to residents of
radiation-contaminated territories [16—20]. Im-
portantly a large dose load difference and the diverse
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iOHi3y104Oro BUIIPOMiHIOBaHHS [21], BEJIMKY Pi3HUIIIO B
JI030BOMY HaBaHTa>K€HHi Yy MEILKAHIIIB 3a0pyIHEHUX Te-
pUTOPiit i HA MOXJIMBY JIit0 XiMiYHMX (paKTOPiB HA PO3BU-
TOK MEILIKAHIIIB LIMX TepuTopiii [13—15, 22].

Bigmomo, 1o pagialiiiHuii BIJIMB MOPYLIyE (YHKIIiIO
BHYTPILIHbOOYHUX M’s3iB [23], cripuunHsI€E NUCHYHK-
Lil0 emmiTeslilo i BiAMOBIAHI IOPYILIEHHSI MeTaboai3My
TKaHWH y JiTel, $Ki 3a3HAIOTh pamialliiiHOro BIUIMBY
[24]. Kpim Toro, 1T MOYaTKy BaxKJIWBO TOCTiIUTHA MOP-
¢oJ10riyHI Ta iIMyHOTICTOXiMiYHi 3MiHM B HEOMPOMiHe-
HUX M’s13aX OYHOTO SI0JTyKa, YpaskeHNX KOCOOKICTIO, SIKi
MOXYTh AOIIOMOITH YTOYHUTU MOp(oIiaToreHe3 Koco-
OoKOCTi. Mio3uH i IUCTpodiH € OITKOBUMHU BOJOKHAMMU,
SKi TO3BOJISIIOTHh OLIHIOBATH SIKiCTb MOIEPEYHOCMYTac-
TUX BOJIOKOH ckeseTa. KonareH IV € BaxknBoIo cKiiano-
BOIO 0a3ajibHOI MeMOpaHU i MoxXe OyTHM BUKOPUCTAHUM
JUTST OLLIHKM MOXJIMBMX 3MiH y Lili CTPYKTYpi [25—27].

OCKiIbKM OKO Ta AOJATKU € HAMOUIbII YyTJIMBUMU 10
JIil 10HI3yI0UOr0 BUIMIPOMiIHIOBAHHSI Y BHYTPILLIHLOYTPOO-
HOMY IIepiofi, IIs1 AOCIIiIKEHHS OY/IM BUKOPUCTaHI TaHi
o(pTasbMOJIOTIYHOTO OOCTEXXEHHSI Tpynu ocib, om-
POMiHEHMX BHYTPilIHbOYTPOOHO B nepiuuii mepion Yop-
HOOMITbCHKOI KaTacTpodu. JocmimkeHHS OyJ10 TIpoBeIe-
HO 3 METOIO OLIiHKM TepPCIIeKTUBHOCTI BUBUEHHST MTPOO-
JIeMH i BUBHAUYEHHSI HAMpsIMiB MOAAIbIIOI POOOTHU.

META

OLiHUTU OCOOJIMBOCTI PO3BUTKY KOCOOKOCTI Ta IMOPY-
IIeHb OiHOKYJISIPHOIO 30py B 0OCi0, SKi 3a3HAJIM BILJIUBY
iOHi3yI04OT0 BUITPOMiHIOBAaHHS Y BHYTPiLLIHBOYTPOOHO-
My IIepiofi; JOCTIAUTUA 3MiHM Y PO3MNOAiJi Ta NOsIBi Mio-
31HY, TUCTpodiHy Ta KojareHy IV MixX HeorpoMiHeHH-
MU ocobaMu 3 OiHOKYJSIPHUM 30pOM Ta 0cobaMM, 110
CTPaXIAI0Th Ha KOCOOKICTb.

MATEPIAJIN 1 METOJIN
OO6cTexxeHo 583 ocobu, sKi OTpUMaiay BHYTPIIIHbOYT-
poOHe onpoMiHeHHSsT BHACIimoK YopHOOMIbCHKOT KaTa-
cTpodu; iXHIN cepemHiil BiK Ha MOMEHT OOCTEKEHHS
cranoBuB (11,3 £ 0,1) pokiB. ¥ rpymny BigiopaHo oci0,
HapomkeHux Mix 26.04.1986 p. i 26.02.1987 p., Bix
JKiHOK, BariTHMX Ha MOMEHT YOpHOOUIbCHKOI KaTacT-
podu. ITig yac nmomanplioi BariTHOCTI MaTepi MpOXKK1Ba-
JIN B paflioaKTUBHO «UMCTUX» PETiOHAX Ta B 30Hi MOCUJIE-
HOT'0 PaJioeKOoJOTIYHOro KOHTpo0 (4-i 30Hi). Tpyny
nopiBHgIHHS ckJtanu 808 ocio, xxuteni Kuesa.
OdranpMoIoriuHe 00CTeKeHHST ITPOBOAVIIN 3a YHi(i-
KOBaHUM IIPOTOKOJIOM 3 BUKOPMCTaHHSIM OCHOBHUX CY-
YaCHUX METO/iB JOCiIXKEHHs CTaHy OpraHa 30py Ta 30-
poBux yHKLIi. [TpoBoanin 30ip aHaMHE3y, 30BHIIIHIA
OIJIsI OKa 1 oIS 3a JOIOMOIOI0 OiYHOTO OCBITJIEHHS,

possible effect of chemical factors have been
noticed in residents of radiation-polluted territo-
ries [13—15, 22].

Radiation exposure is widely known to disrupt the
function of intraocular muscles [23], to cause
epithelial dysfunction, and to alter corresponding
tissue metabolism leading to disorders, especially in
children who have been exposed to radiation [24].
Additionally, it is essential to investigate morpho-
logical and immunohistochemical changes, at first,
in non-irradiated strabismus-affected eyeball mus-
cles, which could reveal strabismus morphopatoge-
nesis. Myosin and dystrophin are protein filaments
that can be used for the quality evaluation of skele-
tal striated muscle fibers. Collagen IV is a significant
part of the basement membrane and may be used to
estimate possible changes in this structure [25—27].

The ophthalmological examination of data of
persons irradiated in utero during the first period
of the Chornobyl disaster were used for the study
since the eye and its appendages are the most sen-
sitive to the ionizing radiation action in the fetal
period. This research was conducted to assess the
prospects for studying the problem and to deter-
mine directions for further work.

OBJECTIVE

The purpose of the study: to assess the peculiarities of
the development of strabismus and binocular vision
disorders in persons who were exposed to ionizing
radiation in utero; to investigate the changes in distri-
bution and appearance of myosin, dystrophin, and
collagen IV between non-irradiated persons with
normal binocular vision and strabismus patients.

MATERIALS AND METHODS
583 persons who received radiation in utero
because of the Chornobyl disaster were examined.
At the time of examination, their average age was
(11.3 £ 0.1) years. People born between
04/26/1986 and 02/26/1987 from women who were
pregnant during the Chornobyl disaster were select-
ed for the patient group. The next part of pregnan-
cy of their mothers took place in radioactively
«clean» regions or in the zone of enhanced radioe-
cological control (the 4" zone). The control group
consisted of 808 people who were residents of Kyiv.
Ophthalmological examination was carried out
according to a unified protocol. Main methods of
researching the condition of the organ of vision and
visual functions were used: anamnesis was collected;
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BU3HAYEHHS TOCTPOTH 30DY, 3AiCHIOBAIN AOCTIIKEH-
Hs pedpakuii (micist nBokpaTHOI iHcTusii 1,0 % pos-
4UHy TpOMiKaMiny) Ha aBTopedkepaTtomerpi. KyT ko-
COOKOCTi BU3HAYAIM 32 TTOJOXEHHSIM CBITJI0BOIrO ped-
JIEKCy Ha poriBli 3a ['ipiideprom; mopyuieHHs M’s30-
BOTO TOHYCY BMSIBIISUIM 33 YCTAHOBUMMM pyXaMU IIpU
BUKOHAHHI «Te€CTy MPUKPUTTS». JlocaimKyBaau OiHO-
KyJISIpHY Ta MOHOKYJISIDHY PYXJIMBICTh OUYHMX SIOJIYK Y 8
HampsIMKax. Xapakrep 0iHOKYJISIPHOro 30py BHM3HaYa-
Ju 3a poroMoroto npunany IIT-2. JJochimxkeHHs
BHYTPIITHBOOYHOT'O TUCKY BUKOHYBAJIX 3a TOIIOMOTOIO
aBTOMATUYHOIO IMHEBMOTOHOMeTpa. biomikpockoriio
BUKOHYBaJIM Ha IIUTMHHIN JamITi Zeiss 3a 3arajabHOI-
PUITHITOI0 METOIMKOIO, OIJISAI ITOBiK, KOH IOHKTUBH,
pPOriBKU, KpUINTaJWKa # CKJIOBUAHOIO Tijla 3[IilCHIO-
BaJIM IIPpY MaKCUMAaJIbHO PO3IIMPEHUX 3iHULISIX.

ITpoBoauau o(MTaIBMOCKOITIO B MPSIMOMY i 3BO-
POTHBOMY BUIJISIIL, (poTorpadyBaHHS OUHOIO JTHA Ha
dynayc-kamepi VISUKAM lite Digital Camera ¢ipmu
Zeiss y cTaHIapTHUX yMoBax. [1poBeaeHHS iHIINX, 10-
JMAaTKOBUX OOCTEXeHb Oy/l0 TepeadadyeHo IMPHU BUSIB-
JICHHi MaTOJIOTii.

Takox Oymo mociimkeHo 15 3pa3kiB M’g3iB OYHOTO
s10JIyKa HEOMPOMiHEHMX 0Cid — 9 XiHOK i 6 YOJIOBIKiB.
3 Hux 10 maui€eHTiB MaJdu KOCOOKICTbh i 5 3pa3KiB —
KOHTpOJbHUX. Matepianu dikcyBaau npotiarom 24 ro-
1IvH 2 % dopMmanbaerinoM i 0,2 % TMMOHHOIO KHCIIO-
toro B 0,1 M cdocharHomy Oydepi. [TapadinyBaHHsa
OyJi0 MpoBeaeHO Iicas 12-ToAMHHOIO 3aCTOCYBaHHS
oydepa Tyrode. ITicist LHBOrO 3pi3u TOBIUIMHOI YOTUPU
MIKpOMETpHY BUpi3aau Ta 3a0apBIrOBaIi reMaTOKCUIIi-
HOM-€03UHOM, IS OLIiIHKY MOP(OJIOTiUHUX CTPYKTYP.

g BUSIBIEHHSI MiO3UHY, IUCTpodiHy i KonareHy IV
3aCTOCOBYBaIM  OioTWH-aBinuHOBHUI (biotin-avidin
(IMH)) imyHoricToXiMiuHMif MeTod. by BukopucraHi
aHTUTIJA 1J1s1 BU3HaueHHs kojareHy IV (520369A, dilut-
ed 1:30, Invitrogen Corporation, Carlsbad, CA, USA),
miosuHy (ab7784, diluted 1:150, Abcam Cambridge,
UK) i muctpodiny (ab15277, diluted 1:100, Abcam
Cambridge, UK). IMyHOpeakTUBHi CTPYKTypH OLIiHIOBa-
JIA B CKEJIETHIl TOMEPEYHOCMYTACTiil M’ 130Bilf TKAaHWHI
y I’SITU BUMAAKOBUX TTOJISIX 30py Ha 30iblieHHi x 400 3a
Jorromoroio cBiTioBoi Mikpockorii (Leica DC 300F
Leica Biosystems Richmond, Richmond, VA, USA).

JI1s1 OLIiHKY 30BHIIITHBOTO BUIJISIAY i TOKAJTBbHOTO pO3-
oAy iMyHOPEaKTUBHMX CTPYKTYP BHKOPHCTOBYBAJIU
HamiBKiIbKICHUI MeToa Kiiacudikarii [28, 29]. st aHa-
JIi3y 300pakeHb BUKOPUCTOBYBAIM MpOrpaMHe 3a0e3rie-
yeHHs1 Image-Pro Plus 6.0 (Media Cybernetics, Inc.,
Rockville, MD, CIITA). /11 npoBeeHHsI CTAaTUCTUYHO-
ro aHaJii3y JaHUX BUKOPUCTOBYBAJIU aHAJIi3 PUBMKIB.

external examination of the eye and examination with
the help of side lighting were conducted; visual acuity
was determined. A refraction study was carried out
(after 2-fold instillation of 1.0 % tropicamide solution)
on an autorefractometer. The angle of strabismus was
determined by the position of the light reflex on the
cornea according to Hirshberg. A violation of muscle
tone was detected by establishing movements during
the performance of the «cover test». Binocular and
monocular mobility of the eyeballs in 8 directions were
studied. The nature of binocular vision was deter-
mined using the CT-2 device. Intraocular pressure was
measured using an automatic pneumotonometer.
Biomicroscopy was performed using a slit lamp (Zeiss)
according to the generally accepted method, the eye-
lids, conjunctiva, cornea, lens, and vitreous were
examined with maximally dilated pupils.

Ophthalmoscopy was carried out in forward and
reverse view; the fundus was photographed with a
Zeiss VISUKAM lite Digital Camera using standard
conditions. Additional examinations was foreseen
when pathology was detected.

Overall, 15 non-irradiated eyeball muscle samples
were examined — 9 females and 6 males were includ-
ed. Of which 10 were from strabismus patients and 5
were controls. Tissue materials were fixed using 24h
with 2 % formaldehyde and 0.2 % citric acid in 0.1
M phosphate. Paraffin embedding was conducted
after 12h long Tyrode’s buffer application.
Afterward, four-micrometre-thick sections were cut
and stained with haematoxylin and eosin, which
were used to evaluate morphological structures.

To detect myosin, dystrophin, and collagen IV
biotin-avidin (IMH) immunohistochemistry method
was performed. More precisely, for the detection of
Collagen 1V (520369A, diluted 1:30, Invitrogen
Corporation, Carlsbad, CA, USA), Myosin (ab7784,
diluted 1 : 150, Abcam Cambridge, UK), and Dys-
trophin (ab15277, diluted 1:100, Abcam Cambridge,
UK) antibodies were used. Immunoreactive struc-
tures were evaluated in skeletal striated muscle tissue
in five random visual fields at x 400 using light
microscopy (Leica DC 300F, Leica Biosystems
Richmond, Richmond, VA, USA).

Semi-quantitative grading method was used for the
evaluation of immunoreactive structures appearance
and local distribution, which detected negative to
abundant positive immunoreactive structures [28, 29].
Image-Pro Plus 6.0 software (Media Cybernetics,
Inc., Rockville, MD, USA) was used to perform
image analysis.
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PE3VJIBTATU TA IX OBTOBOPEHHS4

VY rpymi BHYTPIilLIHLOYTPOOHO OMPOMiHEHMX BHACIIi-
JToK YopHOOMIBLCHKOT KaTacTpodu 0cid BUSBICHO TTifI-
BUIIEHY, Y 3iCTaBJIEHHI 3 TPYIIOI0 MOPIBHSIHHS, YaCTO-
Ty po30ixkHoi KocookocTti (p = 0,04190) Tta rerepo-
dopii (p = 0,002603), nus. Tadm1. 1.

BimnocHuit pusmk rerepodopii ckimaB 5,08 (1,42—
18,13). BugBneni 3MiHM cBig4yaTb TPO 30iJbIIECHHS
MMOBIpHOCTI PO3BUTKY LIMX THUITiB IMTOPYIIEHHS OiHOKY-
JIIPHOTO 30py B 0OCi0, sIKi 3a3HaJIM BHYTPIillIHLOYTPOO-
HOTO OIIPOMiHEHHS. Y HaHUli 4yac maToreHe3 LUX
CTaHiB CKJIaIHWI i HEIOCTaTHHO BMBYEHMI. TUM He
MEHIII, K OpOiTaJibHi, TaK i HEBPOJOTIYHI 3MiHU MO-
KYTb OYTU BaXKJIMBUMMU U151 IX PO3BUTKY.

IIpu pgocnigXeHHi TKAaHUH CKeJIETHUX I10IepeyHO-
CMYTaCTMX M’sI3iB y HEONTPOMiHEHMX MALiEHTIB 3 KOCO-
OKICTIO OyJIM TTOMideHi pi3HOro po3Mipy Ta HOBOYTBO-
pPeHi BOJIOKHA CKEJICTHMX ITOIIEPEYHO-CMYTaCTUX M SI-
3iB. Kpim Toro, criocTepiramgocs 30iMbIIeHHS TIpoJtide-
paii cmoayyHoi TKaHuHU (puc. 1, Ai B).

st BU3HAYEHHST MOXJIMBOIO 3HAYEHHS 3MiH JUCT-
podiHy, Mio3uHy i KosareHy I'V B po3BUTKY KOCOOKOCTi
MPOBEACHO ITOPIBHSIHHS iMyHOPEAKTUBHUX CTPYKTYP
M’s13iB OYHOTO 510JTyKa HEOITPOMiHEHMX TAIli€EHTIB 3 KO-
COOKICTIO i TTaIlieHTiB KOHTPOJBHOI ITpyHu. YCi JOCTiI-
JKyBaHi MapKepM ITOKa3aJii 3MEHIIEHHS ITO3UTHUBHUX
CTPYKTYp y TpyIli HaLli€EHTIB, MOPiBHSIHO 3 KOHTPOJIb-
Hoto rpynoto (puc. 2, C, D, Eta F).

MopdooriyHi Ta iMyHOTiCTOXiMiYHi 3MiHU M’sI3iB
OYHOro s10J1yKa, ypaxXeHMX KOCOOKICTIO, CBiuaTh Ha
KOPUCTH TOTO, IIO CTPYKTYPHIi 3MiHUA M’I3iB OUHOTO 10~
JIyKa MaloTh 3HAYE€HHS JUISl PO3BUTKY PO3JIaliB OiHOKY-
JsipHoro 3opy. OTpumaHi AaHi MiATBEPIXYIOTh KOH-
LIEMLiI0 PO Te, 10 HASIBHICTb TMCTPO(MIYHUX MPOLECiB
y M’sg3aX OYHOro sI0JlyKa MOXe BimirpaBaTym 3HAYHY
poJib y MopgoreHe3i KOCOOKOCTi. M1 MOKeMO KOHCTa-
TyBaTU HEOOXiTHICTh MOAAIBIINX MOP(hOIOTIYHUX A0-
CJTiIKEHb.

Ta6namusa 1

RESULTS AND DISCUSSION

An increased frequency of divergent strabismus
(p = 0.04190) and heterophoria (p = 0.002603) was
found in the group exposed to fetal radiation
because of the Chornobyl disaster, compared to the
control group, see Table 1.

The relative risk of heterophoria was 5.08
(1.42—18.13). Thus, detected changes indicate an
increased probability of divergent strabismus and
heterophoria development in persons who were
irradiated in utero. Currently, the pathogenesis of
these conditions is complex and poorly understood.
Nevertheless, both orbital and neurological changes
may be important for their development.

Having examined the skeletal striated muscle tis-
sues from non-irradiated patients with strabismus,
differently sized and newly formed skeletal striated
muscle fibers were noticed. Additionally, an in-
crease in proliferation of connective tissue was
observed (Fig. 1, A and B).

The comparison of immunoreactive structures
between non-irradiated patient strabismus-affected
eyeball muscles and the control group was per-
formed to determine the possible involvement of
dystrophin, myosin, and collagen IV in the devel-
opment of strabismus. All examined markers
showed a decrease in positive structures in the
patient group compared to the controls (Figure 2C,
D, E, and F).

Theoretically, morphological and immunohisto-
chemical changes in strabismus-affected eyeball
muscles are in favour of an argument that structural
changes in eyeball muscles can lead to binocular
vision disorders. This research supports the concept
that the presence of dystrophic processes in the eye-
ball muscles may play a significant role in the mor-
phogenesis of strabismus. Further morphological
studies are needed.

MowwupeHicTb 0KpeMux NopyleHb CNiBAPYXKHLOrO PyxXy o4eil NpuU NepBMHHOMY 06CTEKEHHi

Table 1

Results of the association of polymorphic variants of cytokine genes with PCM risk (logistic regression method)

MopyLweHHs cniBAPYXHbOIO Kop 3a MowwmpeHicTb 3axBoptoBaHb, Ha 1 000 ocib
pyxy oueii MKX-X Prevalence of diseases

Violation of joint movement Code according rpyna pocnimxeHHs' rpyna nopiBHAHHS
of the eyes to ICD-X study group' comparison group
PosbixHa kocookicTs / Divergent strabismus H 50.1 6,9 + 3,43? 1,24 £ 1,242
letepocopis / Heterophoria H 50.5 18,9 + 5,642 3,71 +£2,142

Mpumitku. TMpyna BHYTPILUHBOYTPOGHO ONPOMIHEHNX BHACTILOK YOPHOOMILCHKOT KaTacTpodH 0CI0; 2pi3HMLSA CTATCTYHO 3Hauywwa, p < 0,05.
Notes. 'Group radiation exposed in utero because of the Chornobyl disaster; 2statistically significant values were considered p values < 0.05.
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PucyHok 1. A - KoHTponb, B - nauieHr.

A — x0aHUX MOPDONOTiYHMX 3MiH Yy CKENETHI MONEePEYHOCMYracTiii M’30Bil TKAHWHI KOHTPOJBLHOI FPYMN HE BUSIBAIEHO.

[emaTokcuniH-eo3uH, x 250.

B — ckeneTHi cmyracTi M’130Bi BOSIOKHA Pi3HOrO PO3Mipy, HOBOYTBOPEHi BONTOKHA. [eMaToKCuniH-e03uH, x 250.

Figure 1. A - control, B - patient.

A — no morphological changes were found in skeletal striated muscle tissue of the control group. Haematoxylin and eosin,

x 250.

B - note differently sized and newly formed skeletal striated muscle fibers. Haematoxylin and eosin, x 250.

BUCHOBKU

YacToTa po30ixKHOI KOCOOKOCTiI Ta rerepocdopii Oyia
BUILOI B 0Ci0, $IKi 3a3Haid BHYTPilIHbOYTPOOHOIO
OINPOMiHEHHSI BHACAiAOK YOPHOOMIBCHKOI KaTacTpo-
¢, TTIOPiBHSIHO 3 KOHTPOJIBHOIO rpymnoio. [1pu mpomy
BiTHOCHMI pU3MK HasIBHOCTI reTepodopii ckias 5,082
(1,424—18,13). BusBieHi 3MiHM BKa3ylOTb Ha MiIBU-
1IEHY MMOBIpHICTh PO3BUTKY KOCOOKOCTiI B OCiO, sIKi
3a3HaJIM BHYTPILLIHbOYTPOOHOI'O OIPOMiHEHHSI.

M’s131 0uHOTrO 10JIyKa, ypaKeHi KOCOOKICTIO B HEO -
POMiHEHUX 0Ci0, XapaKTepU3YIOThCS 3HUXKEHHSIM iMy-
HOTICTOXIMIYHUX CTPYKTYp MiO3UHY, OUCTpO(diHy Ta
komareny IV. KpiMm Toro, BmsiBIeHO SKicHI Mopdo-
JIOTiYHi 3MiHM B CKEJIETHUX IOMEePEeYHOCMYTracTUX
M’SI30BUX BOJIOKHAX, 3MiHM CTPYKTYPHOI OpraHi3arlii,
1110 BKa3y€ Ha MOXKJIUBY M’SI30BY AUCTPOdilo.

TakMm yMHOM, HASIBHICTb TUCTPO(MIYHNX ITPOLIECIB Y
M’s13aX OYHOTO SI0JTyKa MOXe BifirpaBaT iCTOTHY pOJib
y MopdonaToreHesi KocookocTi. 11 yTOUHeHHS po3-
BUTKY MOpPYLIEHb OiHOKYJSIPHOTO 30py Ta METOMIIB iX
KOpeKllii HeoOXimHI momanbIili MOp@OIOTiuHI JOCTiI-
KeHHs. i mochimkeHHsS OymyTb OCOOJMBO BaXKJIMBIi
IUISI HACEJIEHHSI, sIKe 3a3HaJIO BILJIMBY paiallii.

KoHdnikT iHTepecis

ABTOpPM HE pO3rOJIOIIYIOTh KOHQiIeHIiliHy iH(Op-
Mallilo Ta He MaloTh >XOAHOI MPUHAJIEXHOCTI a00 i-
HAHCOBOI 3alliKaBJIEHOCTI B OyAb-sIKili opraHizaliii,
sKa MorIa O CTBOPpUTH KOHMJIIKT iHTEpeCiB.

CONCLUSIONS

The frequency of divergent strabismus and heteropho-
ria was found higher in persons who were radiation
exposed in utero because of the Chornobyl disaster,
compared to the control group. Notably, the relative
risk of the presence of heterophoria was 5.082
(1.424—18.13). Detected changes indicate an
increased probability in the development of strabismus
in persons who had been exposed to fetal radiation.

Non-irradiated strabismus-affected eyeball mus-
cles are characterized by diminished myosin, dys-
trophin, and collagen IV immunohistochemical
structures. Additionally, determined qualitative
morphological changes in skeletal striated muscle
fibers lead to the changed structural organization,
indicating possible muscular dystrophy.

Thereby, the presence of dystrophic processes in the
eyeball muscles may play a significant role in the mor-
phopatogenesis of strabismus. Further morphological
studies are necessary to clarify the development of
binocular vision disorder and the methods of their
correction. These studies would be especially impor-
tant to populations that were exposed to radiation.
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PucyHok 2. A, C, E - KoHTpons, B, D, F — nauieHr.

A — cunbHo 3ab6apeneHi AMCTPOdIHMNO3UTUBHI CTPYKTYpU. AnctpodiH, x 250.

B — y rpyni nauieHTiB 6yn0 BUSBAEHO 3HUXKEHHS KiSIbKOCTi MO3UTUBHUX CTPYKTYP ANCTPOdIiHY. JncTpodiH, x 250.
C — Yy KOHTPOJIbHI rpyni MiO3VH CUIIbHO 3a6apBIIOE IMYHOMCTOXIMIYHI MO3UTUBHI CTPYKTYPU. Mio3uH; x 250.

D — 3MEeHLUEeHHS MO3UTUBHUX CTPYKTYP MIO3MHY B rpyni NauieHTiB. Mio3uH; x 250.

E - konareH IV no3uT1BHI CTPYKTYpPU B KOHTPOJLHIN rpyni. KonareH IV, x 250.

F — y M’a3ax o4HOro s16nyka, ypaxeHux KOCOOKICTIO, Malixe He Oyno BUSIBNEHO MO3UTUBHUX CTPYKTYP konarery IV.
KonareH IV, x 250.

Figure 2. A, C, E - control, B, D, F - patient.

A — pay attention to highly stained dystrophin positive structures. Dystrophin, x 250.

B - in the patient group decreased amount of dystrophin positive structures were found. Dystrophin, x 250.

C - in the control group myosin highly stains immunohistochemical positive structures. Myosin, x 250.

D - note diminished myosin positive structures in the patient group. Myosin; x 250.

E - note the collagen IV positive structures in the control group. Collagen IV, x 250.

F — almost no positive collagen IV structures were found in the strabismus-affected eyeball muscles. Collagen IV, x 250.
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