PAITHALIMOHHAA BHOJIOTHA. PATHODKOJIOTHA, 2023, mom 63, Ne 4, c. 341—-354

YIK 617.741-004.1:57.084.1:539.1.047

OBIIIAA PAIMOBUOJIOTUA

KATAPAKTOTEHHBIE DOP®EKTbBI MAJIBIX 103 PAIUAIIUN
C HU3KOM JITID: CKOPEE HET, YEM ECTh. COOBIIEHUE 1.
IIOCTAHOBKA ITPOBJIEMbI 1 DKCIIEPUMEHTBI HA )KUBOTHBIX"

© 2023 1.

A. H. Korepos!, JI. H. Ymenkosa'

ITHI] PD — ®edepanvhuiii meduyunckuii Guopusuyeckuii yenmp um. A. M. Bypnazana ®MBA Poccuu, Mockea, Poccus
*E-mail: govorilga @inbox.ru

[Mocrynuna B pegakuuio 23.01.2023 1.
IMocne mopa6otku 20.03.2023 1.
IMpunsra k nyonaukamuu 21.06.2023 1.

JlyyeBble HapylIeHUsI B XpyCTAIMKE pacCMaTPUBAIOTCS KaK TPEThU 10 3HAUMMOCTH 3P EeKThI 00IyueHMs,
BCJIEZ 32 CMEPTHOCTBIO OT paka 1 0oJie3Heil cucteMbl KpoBooOpamneHus (MKP3-118). B acrrekre ripo6ie-
MBI 3(pheKTOB MaTbIX 103 U3ydeHus: ¢ Hu3kou JIIID (mo 100 mIp) nHTEpEC K 1030BOI 3aBUCUMOCTH JJIsI
WHIYKIUY HAPYIIEHUI B XPYCTAJIMKE IIOCJIe OOIy4eHUsI HApacTaeT B IMHEMHOM IIPOTPECCUU, O YEM CBUIE-
TEJBbCTBYET B TOM YMCJIE TIOKa3aHHAasl 31eCh XpOHO-IMHAMUKA YBEJIMYEHUS YMCJIa TEeMAaTUYECKUX 0030POB
o rogam (c 2007 r.; = 0.650; p = 0.006). OnHaKo NpOsICHEHKE BOIPOCa O JOKAa3aHHOCTU 3 (PeKTa MaJIbIX
J103 Ha XpyCTaJIMK IT0Ka OTCYTCTBYeT. B HacTosIieM rcciaeqoBaHUU U3 ABYX COOOIIECHUIA caelaHa ITOMbITKa
3aMOJIHUTL YKa3aHHBIA npoGei. [ToCKoNMbKY 3MUAEMHUONIOTUYECKHUE 3aBUCUMOCTU IJisl TTOATBEPXKICHUS
MPUYUHHOM CBSI3U JOJIKHBI, 10 BO3MOXXHOCTH, COOTBETCTBOBATh KPUTEPUIO OGUOJIOTHUUECKOTO MPaBIOITO-
nmobust, B HactostieM CooO1reHny 1 ObUT BEITIOJIHEH 0030p paccMaTpuBaeMbIX B TeMaTUUECKMX ITyOJIMKa-
LUSIX pabOoT MO KaTapaKTOreHHbIM 3¢ deKTaM HauMeHbIINX 103 paguauuu ¢ Hu3koi JITID B akcriepyuMeH-
Tax in vitro U Ha XUBOTHBIX. Upe3BbluaiiHast paglouYyBCTBUTEIBHOCTh KJIETOK XPYCTAIMKA, IIPEBBIILIAIOLIAS
10 MoKa3aTeJIlo MHAYKLMU IBYyHUTeBbIX pa3pbiBoB JIHK naxke mapamMeTpbl IMM@OLUTOB, ITOATBEPKIAETCS
B psife paboT (YBeInm4YeHNE YPOBHS pa3pbIBOB MOKa3aHo gaxe mist mo3bl 20 MIp). Ho mpu nepenecenun no-
30BbIX 3aKOHOMEPHOCTEM Ha 00JIydeHUE MBILIEH U KPbIC in vivo BRIBOABI 00 3 deKTax MalbIX 103 HE I10/I-
TBepxknatoTcs. Beioopka pabort 3a 6oitee yeM 70 j1eT TakoBBIX 3¢ (EKTOB He BhIsIBIIIA. IMetommecs Tpu uc-
KJiroueHus (He Bouueninas B PubMed craThsi, LuTUpyeMasl B eIMHCTBEHHOM MCTOYHMKE, IIpe3eHTallus Ha
paboueM COBelIaHUU U TPOU3BOJILHOE YIIOMUHAHYE B yYeOHOM ITOCOOUHU O€3 CCHIJIKM) HE CIY>KAT BECOMBI-
MU HayYHBIMM MCTOYHUKAMU. EMMHUYHOCTb 3TMX HaHHBIX HEe moananaet roa Kpurepuit “ITocTossHCTBO
accoumanmu’”. Camble MaJjible IIOPOTOBbIE J03bl PAAUALIMM IJIsI UHIYKIIMY KaTapaKTOT€HHBIX MTOCIEICTBUIA
IIJISI MBIIIIE COCTaBJISIIOT, COMIACHO ucciienoBaHusM eie 1950-x romax, ~114 u ~140 mI'p 11st peHTreHOB-
ckoro m3nydeHus. HaspiBaercs u BenmmunHa 150 mIp (Illadupkun A.B., I'puropees 0.1, 2009). Tem He
MEHee CJIeyeT MPUACPXKUBAThCSI Pe3yJIbTATOB 0oJjice MO3MHUX MCCIEeIOBaHUM, COIJIAaCHO KOTOPBIM MpU
BO3IEMCTBUU U3JIyYeHMsSI HA MBIIIEil TEHACHLIMS K IIOMYTHEHUIO B XPYCTAJIMKE MOXKET HAOIONAThCS IS
o3l 0.2 I'p, co ctaTucTyeckKy 3HaUYnMMoO dukcanueit apdexra aj1s1 1036l ToJIbKO B 0.4 I'p. B 6oJbimH-
CTBE MUCTOYHMKOB B OIIbITAX HA IPhI3yHAaX COOOIIAETCS O ITOPOTOBBIX A03aX B €AUHULIbI Ipeil, MUHUMYM — B
0.5 I'p. Takum o6pa3zoM, B aKkcnepuMeHTe 3pHEKThl MAJIbIX J03 I HapylLIeHUI B XpyCTaJIMKe HE OOHapy-

2KCHDBI.
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HapyiieHust B XpycTajquke pacleHMBAIOTCS Kak
TpeTuii Mo 3HaunMocTu 3¢p@PEeKT, BCen 3a 3J10Kadye-
CTBEHHBIMU HOBOOOPA30BaHUSIMU U OOJIE3HSIMU CU-
CTeMBI KpOBOOOpallleHUS, Y IPAKTUYECKH BCEX 00Ty~
YEeHHBIX TpYIN, KaK pagudallMOHHBIX pPaOOTHUKOB

# [1y6amKyeTcs B aBTOPCKOI peJaKIvn.
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(“Radiation workers”; cyMMapHBIiI TEPMUH IJISI ME-
JULIMHCKUX PEHTTEHOJIOTOB U paIuoI0roB, CTOMATO-
JIOTOB, TTPOMBINIJICHHBIX pagnorpaducToB 1 padoT-
HUKOB siAepHOM uHaycTpuu [1, 2]), Tak ¥ mallMeHTOB
MpU AMaTHOCTUYECKOM U TeparieBTUYECKOM 00Iyye-
HUM, TIOCTPagaBIINX OT aTOMHBIX OOMOApAUPOBOK,
MAJIOTOB U1 KOCMOHABTOB (aCTPOHABTOB), JIMKBUIA-
TOPOB paguallMOHHBIX aBapUii, pe3UICHTOB PEruo-
HOB C TTOBBIIIEHHBIM paguallMOHHBIM (POHOM U Ap.
[3—6]. Ha puc. 1 orobpaxeH CIIMCOK MEXIyHApO.I-
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Organizations: problems of low doses
and dose limits in lens irradiation

). 01_UNSCEAR

). 02_ICRP

. 03_IAEA

). 04_Europe_Union

). 05_European_Society_Radiology_ESR_EURATOM
. 06_Internat_Radiation_Protection_Association_IRPA
. 07_BEIR_NAS_USA

). 08_NCRP_USA

I 09_Nuclear_Radiation_Studies_Board_NAS_USA

). 10_Health_Phys_Society_USA

). 11 _Electric Power_Research_Institute_EPRI_USA

L. 12_Canadian_Nuclear_Safety_Commission_CNSC
). 13_Health_Protection_Agency UK

). 14 Society_Radiological_Protection_SRP_UK

). 15_Radiation_Safety_Standards_CanlMuH_Russia

Puc. 1. MexnyHapogHbie 1 00J1agaionie MexKayHapoI-
HBIM aBTOPUTETOM OpTaHU3alIMU, UMEIOIIINE IO C JIyde-
BbIM (DaKTOPOM, B JOKYMEHTAX U PEIIEHUSIX KOTOPBIX 3a-
TparuBajJKiCh U OUCKYTUPOBAIUCH MIPOOIEMBI HAUMEHb-
VX 103 MIPU OOJIyUeHUM XPYCTalnKa, a TaAKKe JTUMUTHI
JIOMYCTUMBIX 3KCMO3MLIMI Ha 3TOT opraH. IIpencrasieH
CIMCOK KaTaJ0roB C JOKYMEHTAMU U MyOIUKALUSIMU Op-
raHu3anuii Ha Ttemy. Hymepamus 1o 3HaYMMOCTH: OT
MEXIyHapOIHBIX K HAIIMOHAJTBHBIM OPraHU3aIysIM.

Fig. 1. International and internationally reputable organi-
zations dealing with radiation factors, whose documents
and decisions touched upon and discussed the problems of
the lowest doses during irradiation of the lens, as well as
the limits of permissible exposures to this organ. A list of
directories with documents and publications of organiza-
tions on the theme is presented. Numbering by impor-
tance: from international to national organizations.

HBIX U 00JIafaloIIMX MEXAYHAPOTHBIM aBTOPUTETOM
OpraHm3aiuii, UMEKIIUX AeJIO0 C JIy4eBbIM (haKTo-
pOM, B TIOKYMEHTAaX U PEIIeHUSIX KOTOPhIX paccMar-
puBanach npobjeMa obIyYeHUsI XpycTaauka B Hau-
MEHBIINX J03aX W TUCKYTUPOBAIIUCH (ITOPOiT BeCbMa
XkuBo [7]), ocobenno HaunHas ¢ 2012 r. (c MKP3-118
[3]), mpenenbl JOMYCTUMBIX 3KCITO3UIIUN Ha 3TOT
OopraH.

OIHaKO paBHOBEJIMKOE OTHOIIEHUE K UMEIOLIMM
PUCK CMEPTHU JIYYEBBIM NATOJIOTMSIM M K IIOMYTHEHU -
SIM B XpYyCTaJIMKe, YacTO He KapAWMHAaJIbHO OTpaXkaro-
IIUMCSI Ha OCTPOTE 3PEHUS, WM, KaK KaTapakThl,
MOABEPraloUMCcId KOPPEKLIMU XUPYPIUUSCKUM My-
TeM, He TIPeICTaBIIsieTCs OpaBIaHHbIM. Tak, B TeMa-
tnaeckoM ngokymeHTte Electric Power Research Insti-
tute (CIIA) [7] nmpuBOOMTCS CIEAYIOLIMI BOIIPOC
crieianucToB u3 International Radiation Protection

PAAVUAITMOHHASA BUOJIOTUA. PAAMOBKOJIOI'UA

Association (IRPA) 6e3 orBeTa: “Ilouemy dbaranbHbie
u HedaTaJlbHBIE IIOCICACTBUS PacCMaTPUBAIOTCS
paBHBIM obOpa3om?” (“Why fatal and non-fatal effects
are being considered in similar fashion?”).

OTOT UHTEPEC K JTy4YeBbIM HApYIIIEHUSIM B XpycTa-
JIMKEe B 00JacTsIX pagvallMOHHON O0e30TTacHOCTU U
panualvoOHHONW 3MUAEMUOJOTUU TIPUXOAUTCS MPHU-
HUMAaTh KaK JAaHHOCTL. 11 pagualimoHHBIX padoT-
HUKOB HEOOXOIMMO YUYUTHIBATh TaKXKe, YTO BAXKHYIO
poOJIb Urpaet, Mo BCEil BUAMMOCTU, CHUXKEHUE TTPO-
¢deccuoHaIbHON MPUTOMHOCTH, TOCKOJbKY HCKYC-
CTBEHHBI XpYCTAIMK — 3TO HE HaTypaJbHbIii, U OH,
Kak IIpaBmIIo, CJIabo cIoCcoOEeH K akKkoMoganuu [8].

HecMmoTpst Ha TO UTO UCTOPUS JIyUeBBIX KaTapakT
HACYUTHIBAET IIOYTU CTOJBKO Xe JIeT, CKOJIBKO W3-
BECTHO MOHU3UPYIOIllee U3aydyeHue (pagrualluoHHbIE
KaTapakThl ¥ XXMBOTHBIX ObLIM OOHApy>KEHBI YK€ B
1897 1. [9—11], a B 1906 r. KarapakTa ObLIa 3aperv-
CTpUpOBaHa y peHTreHosora [12, 13]), 1o HacTosIIIETO
BpPEMEHU HET OKOHYATEeJbHOTO BBIBOJA O HAJIM-
Y11/BeJIMIMHE BO3MOXKHOTO IOPOra 03 IJIs HapyIe-
Huif B Xxpyctanmke [3—7]. HeckoibKo aXKMOTaXKHBIM
MpencTaBisieTcs UHTEpeC K BOIMPOCY O TOM, MOTYT JIU
MaJible J03bl paguanuu (Ijis peIKOMOHU3UPYIOIIETO
uznydyeHus — go 100 mIp [14]) nuHayuupoBaTh yka-
3aHHble HapylieHus. [lombiTka “obocHOBaTh” 3dh-
(eKTBl MalbIX 103, KaK MNPOAeMOHCTPUPOBAJI HaIIl
crucTeMaTuyecKunii 00630p 0030poB (overview) 3apy-
O0exxHbIX aBTOpoB u3 11 crpaH (54 MCTOYHUKA IS
CMEPTHOCTH OT OOJIe3HEil CUCTEMBI KpOBOOOpaIlle-
HUS 1 U1 HApYILIEHUI B XpyCTaIMKe ITocje ooayye-
HUS), TIPUBOJIUT K TOMY, UTO K “MajibiM” mo3aM, Kak
M IBa JecsATKa JIET Hazal, 3alladHble MCCIea0BaTeIn
Hepenko oTHocAaT no3bl 1 B 0.5, u B 1 1 maxe B 5 Ip.
JIn6o (uaie) BooOIlle HE Ha3bIBAIOT BEJIMYMHY Ma-
JIBIX 103, OOMJIBHO ONepupysl HJAaHHBIM IOHSTUEM U
COOTBETCTBYIOIIMM “addexkTomM” [15]. DT HaMBHBIC
XUTPOCTHU BBINJISIASAT CTPAHHO JaxXe ¢ KOHBbIOHKTYP-
HBIX TTO3UILUI, YYUTHIBAsI BECOMOCTh UCTOYHUKOB U
COOTBETCTBYIOIIMX 3apyOEKHbBIX aBTOPOB.

HHuTtepec K mpobiaeMe MalbIX 103 TPU MHAYKIIAT
MOMYTHEHHUII B XpyCTaJMKe OTpaXkaeTcsl Takke Ha
NepMaHEHTHOM YBEJIMYEHUH YKclia 0030pOB, IIOCBSI-
IIEHHBIX JAHHOK IpoObJieMe, BeChMa CITOPHOI, KakK
CKa3aHo, I10 ee 3HaYuMoCTH (puc. 2 u 3).

ITon6opka NICTOYHUKOB, IpeCcTaBIeHHAs HA pUC. 2,
SIBJISIETCSI JOCTATOYHO IOJHOM, BO BCSIKOM CIydae
IIST OCHOBHBIX 0030p0B. BumHO, 4TO MX 4mciio, Ha-
yuHast oT 2007 ., HEyKJIOHHO BO3pacTaeT B CTaTU-
CTUYECKM 3HAYMMOM JIMHEeitHOiT mporpeccun (puc. 3).
M Bcrony, mpakTudecky o Beex nctoyHmkax (¢ 2007 r.) —
“mpobsiemMbl 3¢ deKTa MaJbIX 103" M, HEPEIKO, BO3-
MOXKHOCTh OTCYTCTBUSI IIOPOTa AO3bI IJISI paIiOTeHHBIX
HapyleHusIX B xpycranuke. [locaemHee mpuBOmIUT K
MPETIOJOXKEHUSIM O TOM, YTO AaHHbIE 3(hhHEKThl UMe-
FOT CTOXaCTUYECKYIO, a HE AETePMUHUPOBAHHYIO IIPU-
pony [3, 16—18]. DToMy HaxOIAT YETHIPE CJIEAYIOLINX
Kak Obl OATBEPKIACHUSI:

Ne 4
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Puc. 2. Baza 0630poB, TTOCBSIIIIEHHBIX PATUOTEHHBIM HapyIIEHUSIM B XpyCTaTUKe. BOJTBIIMHCTBO paccMaTpUBaIOT TOIBKO 3Ty
npo06seMy; B HEKOTOPbIX UMEIOTCSI COOTBETCTBYIOLIME MOAPOOHBIE pa3nesbl. B 19 ucrounukax us 47 (c 2007 r.) repMuH “low
dose” HaxomMTCs B Ha3BaHUU U/WiK B pe3iome (40%); mMouTH BO BCeX OCTAIbHBIX — IIIMPOKO MPENCTaBlieH B TekcTe. O6palaeT
Ha ce0s1 BHUMaHUe BOCTIPOU3BEICHNE HEKOTOPBIMU aBTOpPaMH U3 TOfia B TOJI HE CJIMIITKOM U3MEHSIIONIETOCS MaTepuara.

Fig. 2. Reviews database on radiogenic disorders in the lens. Most consider only this problem; some have relevant detailed sec-
tions. In 19 out of 47 sources (since 2007) the term “low dose” is in the title and/or summary (40%); in almost all the rest, it is
widely represented in the text. Attention is drawn to the reproduction by some authors of little-changing material that does not

change much from year to year.

* OtcyrcTBUe 3¢ deKTa MOIUIHOCTU J03bI Ha pa-
IUALIMOHHBIN KaTtapakToreHes [9, 18] (xoTd 3To Mo-
JKET CBUAETEIbCTBOBATH TOJILKO 00 OTCYTCTBUY peria-
pauuu, Haripumep, JJHK [14]).

* [lpu pacuemnoit MOIEeTBHOI OIIEHKE TTOPOTOBOIA
TTO3BI JUTSI paTMOTEHHBIX KaTapaKT B KOTOPTE ITOCTpa-
JaBIIMX OT aTOMHON OOMOapAMPOBKM BeJIWYMHA
HixkHero 90% moBeputenbHoro wuHTepBana (CI)
menbie 1.0 [19, 20].

* B oTaenbHBIX 3NUIEMUOIOTUYECKUX UCCIEn0-
BaHMSIX OTIMCAHbI HAPYIIICHUS B XPyCTaJIMKE ST Ma-
Jabeix (mo 100 mIp [21—24]) 1 maxke, BO3ZMOXHO, IJisI
oyeHb Masbix (1o 10 mIp [14]) [25] mo3 usnydeHus c
Huskoi JIIID (mogpobHee Takue maHHBIE 3aIIaHM-
poBaHo TipencTaBuTh B CoodiieHuu 2).

* EcTb MOJIEKYJISIDHBIE MEXaHU3MbI, KOTOpBIE, 10
aHAJIOTUM CO CTOXaCTUYECKUMU MPUINHAMM KaHIle-
poreHe3a, MOTYT WHIYLMPOBaTh KaTapaKTOTCHHbIE
n3MeHeHus1. Tak, SKCIIepUMEHTHI ITOKAa3bIBAIOT aK-
THBALIMIO B KJIETKAX XpyCTaJluKa psiga MOJICKYIsIp-

PAJVUALIMOHHASA BUOJIOTUA. PAAOBDKOJIOI'UA

HBIX IPOIIECCOB, CBI3aHHBIX C CUCTEMOI TpaHCAYK-
1IUY CUTHAaJa, C HEMUILIEHHBIMU 3@ deKTaMu, C aHO-
MaJIbHOM mponudeparnueii u T.4. [26]. DTo Hanbonee
CHIEKY/JSITUBHBIE TIOATBEPXKIEHUSI, KOTOPHIC IIpU
OIIeHKE PMCKOB Ha ypOBHE OpraHm3Ma 4ejoBeKa U
MOITYJISILIAM MOTYT IIPMHMMAThCS TOJBKO B ClIydae
OTCYTCTBUSI afeKBaTHBIX SITMIEMHUOJIOTMICCKIX TaH-
HbIX [27—29]. TTockonbKy “OMOJOTrMYecKU MpaBaO-
MNOJOOHBIIN MEXaHU3M JIETKO HaWTH IJIsl “O0bsiCHE-
HUs” n0boii accounauuu” (“...easy to find a bio-
logically plausible mechanism to “explain” each
association”) [30].

Ilenvio TipenCcTaBIEHHOIO UCCJIENOBAHUS U3 IBYX
COOOILIEHNI SABASETCS aHAIU3 dKCIIEPUMEHTATbHBIX
A SIUIEMHUOJOTMYECKMX KMCTOYHUKOB Ha IIpEeIMET
HaJIU4UsI KaTapaKTOTeHHBIX 3(P(HeKTOB MalbiX 103
paguanum ¢ Hu3koit JITID. CoobuieHne 1 mocssiie-
HO W3JIOXKCHHOM BBIIIE ITOCTAHOBKE HPOOJIEMBI,
OIIbITAM In Vitro 1 Ha XKUBOTHBIX.

TOM 63 Ne 4 2023
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Puc. 3. XpoHo-nuHaMWKa M3MEHEHUI1 yncia o0630pOoB,
MOCBSIILIEHHBIX PAIMOTeHHBIM HAPYIICHUSIM XPYCTaJINKa,
no rogam. [TouTu Bo Bcex paboTax MMEIOTCS aKLIEHThI Ha
“apdext ManbIx 103”. 30ech U Jajiee — IIOCTPOSCHHUE Tpa-
¢uKoB U ormpeneneHrne Kod3(hOOUIUEHTOB KOPPEISLINNI
ITupcona — nporpamma Statistica, ver. 10.

Fig. 3. Chrono-dynamics of changes in the number of re-
views devoted to radiogenic disorders of the lens, by years.
Almost in all works there are accents on the “effect of low
doses”. Hereinafter — plotting and determination of the
Pearson correlation coefficients — program Statistica, ver. 10.

KIIETKU XPYCTAJIMKA — OAHU
N3 CAMBIX PAAIMOYYBCTBUTEJIbHBIX
B OPTAHU3ME: OIIBITHI /N VITRO

Kierkun xpycrajiumka 4pe3BbIYallHO pagvovyB-
CTBUTEJIbHBI, KakoBoe mnosioxxeHue MKP3 (ICRP)
nMeeT MecTo yxe 6osiee 60 et [3, 10, 31]. [TokasaTe-
JIM JTy9€BOM ITOPaKaeMOCTH KJIETOK XPyCTaIlKa MbI-
ILIIE€H in Vitro TIPEBHIIAIOT TAKOBBIE Jaxke IS TMMPOo-
LIATOB, YTO ITOKAa3aHO B YaCTO LIMTUPYEMBIX paboTax
[32, 33] mna ypoBHS nBYHHMTEBBEIX pa3peiBoB JHK
(DSB) metonom IHK-koMmeT 1 olieHKoI yrcia ¢ho-
KycoB ructoHa YH2AX cooTBeTCTBEHHO (puc. 4 u 5).

MoxHO BUIETh (pHUC. 5), 4TO, B OTJIMYUE OT JIUM-
¢douuTOB, WIs1 KIETOK nepudeprun XpycTaiuKa ypo-
BeHb DSB mnoBbIlIaeTcst mocjie BO3AeiCTBUS U3JTyde-
Hus gaxe B 1o3e 20 MIp, He TOBOpPS yXXe O rpaHULIe
Maibix 103 B 100 mIp [33]. UMmeeTcs psn uccinenoBa-
HUIi, TeMOHCTPUPYIOIIUX yBelndeHne yuciaa DSB
10 YUCIy (POKYCOB pa3IUIHBIX OEJIKOB U U3MEHEHNE
JIJIMHBL TeJIOMEP B KJIETKaX XpyCTallKa IoCje 00Iyde-
HUSI B MaJTbIX J03ax (cM. B o63opax [11, 17, 26]). Takum
00pa3oM, MPUMEHUTENIHHO K 3aJa4e HACTOSIIIETO MC-
CJIeAOBAaHUS JOCTUTAETCS ABA YPOBHS OMOJIOTMYECKOTO
MPaBIOIIOA00MSI TIPU 10Ka3aTeIbCTBE IIPUYMHHOCTU 13
Tpex, npemioxeHHbIx D.L. Weed: pa3zymHbIii Mexa-
HU3M + (pakThl U3 00JaCTU MOJIEKYJISIPHON OUOJIO-
ruu, Bkitoyas “cypporatHeie EndPoints”, T.e. 6uo-
mapkepbl (DSB) [27, 28]. Ho aToro, Kak u B ciiydyae
WHIYKLWW KaHLIEPOTr€HHbIX UBMEHEHUM in Vivo IOCJIe
00JIy4yeHUsI B MaJIbIX 103ax [34], HemOCTaTOYHO IS

PAAVUAITMOHHASA BUOJIOTUA. PAAMOBKOJIOI'UA
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Puc. 4. 3aBUCHMMOCTh PalMOYyBCTBUTEIBHOCTU KJIETOK
XpyCTaJlMKa (CBETJIble KOJIOHKW) U JuMMOuUTOB (3a-
IITPUXOBAHHBIE KOJIOHKK) Mbiiieit nunuun C57BL/6 me-
tonoMm JIHK-komer. Ilo ocu abcuuce — nosa y-usiyue-
HMS TOocjie Bo3neiicTBus in vitro, I'p; mo ocn opauHaAT —
npoueHT JIHK B xBocte koMeThl. I'pacduk moctpoeH Ha-
MU Ttocsie ouudpoBKU (3aeck U nanee — GetData Graph
Digitizer, ver. 2.26.0.20) opuruHanbHbIX KpuBbIX ¢ Fig. 3
u3 Bannik K. et al., 2013 [32]. B opurunane [32] npuse-
IeHBbl JaHHBIE elle U 11 no3bl 2 [p; 3mech aTMMUHU-
poBaHo. [lpencrasineHsl (cormacHo opuruHany [32])
Mean = SEM (cranaapTHasi olIMOKa CPEeIHEro).

Fig. 4. Dependence of the radiosensitivity of lens cells
(light columns) and lymphocytes (hatched columns) of
C57BL/6 mice by the DNA comet method. The abscissa
shows the y-radiation dose after in vitro exposure, Gy; the
ordinate shows the percentage of DNA in the comet’s tail.
The graph was made by us after digitizing (hereinafter —
GetData Graph Digitizer, ver. 2.26.0.20) the original
curves from Fig. 3 from Bannik K. et al., 2013 [32]. In the
original [32] also data for a dose of 2 Gy are presented;
eliminated here. Represented are (according to the original
[32]) Mean = SEM (standard error of the mean).

JloKa3aTeJIbCTBA MPUYMHHOCTU HapyLIeHUH B XpYy-
CTaJIMKe Ha YpoBHe opranmusMma [27, 28].

MHWHUMAIJIBHBIE 10O3bI .
JJIIA PAAMOTEHHBIX ITOBPEXIEHNN
XPYCTAJIMKA Y XKNBOTHBIX

st KaTapaKTOTeHHBIX UBMEHEHUI B XpyCTaJluKe
JTaGOPaTOPHBIX KUBOTHBIX MOCJE OOJIYYEHUS in Vivo
3(pPeKTB MaNbIX H03 OJSI PEeIKOMOHU3UPYIONIIECH
paavanyu Ham, 32 EIMHUYHBIMU COMHUTEIbHBIMU UC-
KJIIOYEHUSIMU, PACCMOTPEHHBIMU HITXE, HE NU3BECTHEI,
BKJIIOYas nociaenHee coodueHne MKP3 nmo TkaHe-
BBbIM (I€TEpMUHUPOBAHHBIM) 3hdeKTaM pagualuu
(ICRP-118 [3]). [TonoOHBIE maHHBIE HE BBISIBIISIOTCS
u deped T1ouck B PubMed (KOHCTpyKLIUM:
[lens&mGy&mice/rat], [cataract&mGy&mice/rat]).

CrenyeT OTMETUTh, YTO CTOJIb BaXKHasl IIpodJjiema,
KaK B3KCIIEPUMEHTAIIBHO WMHIYLMPYEMBIE JIyYyeBbIE
Ne 4
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Puc. 5. 3aBUCUMOCTb PaanMOYyBCTBUTEIBHOCTU KJIETOK
ueHtpa (/) u nepudepun (2) Xpycraamka CpaBHUTEJIbHO
¢ ntumdouuTamu (3) nociie BO31elCTBUSI PEHTTEHOBCKO-
ro uajydyeHust Ha Muiieit unuu C57BL/6J in vivo. Tlo
ocu abcuuce — 1032 Y-U3Jy4YeHUs Ha XpYCTaIUK, MIp; 1o
ocu opauHat — KonudectBo DSB (1o uncny ¢pokycosB ru-
croHa YH2AX) uepe3 3 u nocsne Bo3aeiicTBus. I'paduk
MOCTPOEH HaMU nociie ourubPOBKY OPUTHUHATBLHBIX AaH-
HbIx ¢ Fig. 6 u3 Markiewicz E. et al., 2015 [33]. B opuru-
HaJje [33] mpuBeaeHbl JaHHBIE ellle U IUIsI CpoKa 1 4; 31ech
3JIMMUHUPOBaHO. [1pencraBiieHbl TOJBKO CPETHUE BEIU-
yuHbl (Mean).

Fig. 5. Dependence of the radiosensitivity of the cells on
the center (/) and the periphery (2) of the lens compared
with lymphocytes (3) after exposure to X-rays in
C57BL/6J mice in vivo. The abscissa shows the dose of
v-radiation to the lens, mGy; the ordinate shows the
amount of DSB (according to the number of histone
YH2AX foci) 3 h after exposure. The graph was made by us
after digitizing the original data from Fig. 6 from Mark-
iewicz E. et al., 2015 [33]. The original [33] also provides
data for a period of 1 h; eliminated here. Only Mean are
represented.

HapylleHusl B XpyCTaJIMKe, pacCMOTpeHa B MpUBe-
JNIEHHbIX Ha puc. 2 o030pax, BKIOYas TOKYMEHTbI
MKP3, BecbMa OUCKpPETHO, MOPOI M3JI0XKEHa Kak
HEeKUil “IIOTOK CO3HAHUS”’; OTCYTCTBYET €IUHAasI
CBOJIKA WJIM JOKYMEHT I10 MOPOTroBLIM 3 deKTaM y
KMBOTHBIX, 3a UCKITI0UeHMEM 0630pa Ainsbury E.A.
et al., 2016 [26] (Tabn. 1 Ha 7 UccaeaOBaHMIT) U CTOIb
cTapbiX paboT, KaK, K IpUMepy, LiuTupyemasi B 0030-
pax [4, 26] ny6iukamus Upton A.C. et al., 1956 [35].
Eue onHUM MCKITIOYEHUEM SIBIISIETCS MOHOTpadus
Iladupkun A.B., I'puropses 10.T., 2009 [36], B KO-
TOPOI MMeeTCss 00beMHBIN pa3nes Mo MHIYKIIUY U3-
JIyY4YEHUSIMU PA3IMYHOM MPUPOJIbI KATapaKT Y )KMBOT-
HBIX, HO U B HEM He cJieJlaH aKIIeHT Ha BO3MOXHOCTb
a(pdekToB Manbix O03 paguanuu ¢ Hu3Kou JIIID.
INpasna, B npuBeaeHHBLIX B MOHOrpaduu [36] MHOTrO-
YUCJIEHHBIX OTEYECTBEHHBIX U 3apYOeKHBIX padoTax
CBEJIEHMS O TaKOBBIX 3(h(eKTax — OTCYTCTBYIOT (yKa-
3aHHass MUHUMaJbHas 1032 PEHTTEHOBCKOTO WU3Jy-
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YyeHMs, BbI3bIBaIOIlas ITOMYTHEHMS XpyCTaludKa y
MBbllIei, coctaBiseT 150 mIp).

CxomHasi KapTWHa HaOJogaeTcs OjIs MOHOTpa-
¢dun MockaneB FO.U., 1991 (1oBoAbHO OOBEMHBIN
paszaen Ha Temy) [37], mocobuit Spmonenko C.IT.,
Baiincon A.A., 2004 [38] u I'pedbeniok A.H. u np.,
2012 [39]. HaumeHbIMe 4036l COCTABISIOT €AMHUIIBI
rpeit, MunumMyM — 0.5 I'p (a B OCTalIbHBLIX OTede-
CTBEHHBIX MOCOOUSIX IO PAIUOOMOIOTMU U pagralii-
OHHOII MeIWIIMHE HEeOOXOMMMBIX ITaHHBIX U BOBCE
MOYTHU HET; CChUIKU HEe MPUBOISITCS).

B Tematuueckoii mase 8-ro uznanus (2019) “Ra-
diobiology for the Radiologists” Ha 1162 cTpaHuiax
(CIIIA) [40] yka3zaHo, yTo “Jl03a B HECKOJIBKO JIeCST-
KOB Mwurpeid (MIp) peHTreHOBCKUX JIydel WJu
1 MI'p OBICTPBIX HEUTPOHOB MPOU3BOAUT JIETKO pa3-
JIMYMMbIE U3MEHEHUsI B XpyCTaJluKe [MbIlIeit; o
KoHTeKCTy|”. CChUIKM, OOHAKO, OTCYTCTBYIOT.

OO0OHapyXeHHble MUHAMAJIbHBIC T03bl MHIYKIINN
KaTapaKTOT€HHBIX IOCICACTBUI Y MbIllIeil B 0030pe
Ainsbury E.A. et al., 2016 [26] (nepBbIit aBTOp — U3
OCHOBHBIX CHELUAINCTOB I10 paaAlallMOHHBIM KaTa-
pakTam; cM. puc. 2) coctaBsuau 0.3 I'p co cCBIIKOM Ha
yroMsiHyToe ctapoe ucciaengoBanue Upton A.C. etal.,
1956 [35] (mpuyem HenpaBuWibHO, Hago — 0.15—0.3 P
[35]; cM. HIXe), B TO BpeMsI KaK OCHOBHAsI 4acCTh M0~
JMOOHBIX paboT omnepupoBajia 103aMU B EAWHMILIBI
rpeit [26]. B my6aukauuu Dalke C. et al., 2018 [41],
LOUTUPOBAHHOI B 0030pe [17], M3y4yeHbI COOTBET-
cTBytomue 3¢hdGeKThl y MbIIei as no3 B 63 MmIp,
125 u 500 mIp; omHAaKO TakoBBIEC OBIITM OOHAPYKEHBI
TOJIBKO IJISI TOcaeaHei no3oBoii rpymibl (Table 3
B [41]). 1 Tak mpakTU4YeCKU BO BCeX IIpOaHaAIU3U-
POBaHHBIX BKCHEPUMEHTAIBHBIX  MCTOYHUKAX.
B Tabnuie HuXKe mpeacTaBieHa CBOAKA JaHHBIX MO-
MOOHBIX PaboT, COOpaHHBIX MO IBYM KPUTEPUSIM:
a) MpenycMaTpUBalOlIMX HaUMEHbIIIME 03kl 00Jy-
YeHUS WM yKa3bIBaIOIIMe Ha OPOT 103bl; 0) Hanbo-
JIee 4aCTO IUTHUPYEMBbIE WJIN JaXKe IIPOCTO LIUTUPYE-
MBI€ B IIPYBEIEHHBIX BbIllle 0030pax. MHbIMU cl10Ba-
MU, caMble MOMNYJISIPHBIE MCTOYHMKM TIIO0 TEME,
MpeACTaBIIEHHbIE aBTOPUTETAMU I10 HAIPaBJICHUIO.
ITockonmbKy cobupaTh Bce HaHHBIE MO OOIYUYEeHUIO
XpyCTajuKa JJisl JKMBOTHBIX, KOTOPBIX (IaHHBIX) 3a
bosiee yeM 70 JIET 3KCIEPUMEHTOB (C TOCTOBEPHOM
JIIO3UMETpUei) HAaKOIJICHO MHOTO, CMBICJIa HET: BCE

“MaJiple 1O3bI” yKe ObUIU BBIOPAHBI “I0 Hac”!,

BI/I)IHO, YTO 3KCIIEPUMEHTAJIbHbBIC NCCIICAOBAHUA,
IJIA KOTOPBIX €CTh HeoOXoauMBbIe JaHHDBIC, ITpEayCcMaT-

! Mowck B PubMed Ha camble 0611e KIIIOYEBbIE COYETAHHST BbI-
sl clieaylolee YMcjiIo UCTOYHUKOB: [lens&radiation&mice] —
405; [lens&radiation&rat] — 512; [lens&radiation&rabbit] —
427; [lens&radiation&dog] — 56. B BbIOOpKM BOILLIO, BIPOYEM,
MHOTO JaHHBIX 110 3(ddeKkTaM coiHeYyHOro u Y®-usinydyeHusl.
Ho yrouHeHue B KOHCTpYKLMSIX “ionizing radiation” npuBonu-
JIO K TTIOTepe YacTU YMECTHBIX paboT.
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Ta6muna 1. CBoika NaHHBIX IO HAMMEHBIIIUM J03aM paaualuu ¢ Hu3koi JITID, nHayuupyonmm HapyleHus B XpycTa-
JIMKE B BKCIIEpMMEHTe Ha rpbidyHax. Hanbosee nutupyeMbie paboThl B 0030pax, pacCMaTpUBaIOIIMX B TOM YKCie 3¢ -
(G eKTHI MaJIbIX 103 O0IydYeHHS
Table 1. Summary of data on the lowest doses of low-LET radiation inducing lens damage in rodents. The most cited works
in reviews which consider, among other things, the effects of low doses of radiation

Source and reference

Animal species,
type of radiation and
regime exposure

Minimum dose
or threshold*

Notes

Christenberry K.W.,
Furth J., 1951 [42]

Storer J.B., Harris P.S.,
1952 (USAEC, Report
LA-1455; Los Alamos
Scientific Laboratory [43]

Upton A.C. et al.,
1956 [35]

Di Paola M. et al.,
1978 [44]

I'epacumosn B.A.
u ap., 1986 (Gerasi-
mov V.1 etal., 1986) [45]

Worgul B.V. et al.,
1996 [46]
Worgul B.V. et al.,
2002 [47]

Worgul B.V. et al., 2005a
[48]. Only abstract and
cited in [49], including
graph. The work is not in
PubMed; placed only on
the journal’s website

Mice (Rf strain);
X-rays; acute

Mice (Swiss strain);
X-rays; acute

Rabbit, mice (RF strain);
X-rays; acute

Mice (C54B1xC3H);
X-rays; 0.46 Gy/h

Mice (outbred white);
X-rays; no data;
probably acute

Mice (strain not speci-
fied); X-rays; no data
Mice (Atm knockout
mice); X-rays; acute
Rats (no data);
X-rays; no data

Threshold: 32 r
(~0.28 Gy)**

Minimum: 12.5r
(~0.12 Gy)**

Threshold: Rabbit:

600 r (~0.53 Gy); mice:
32 rep (~0.3 Gy);

1530 (~0.13—0.26 Gy)**

Minimum
dose studied: 0.2 Gy

Estimated
threshold: 0.5 Gy

Minimum

dose studied: 0.5 Gy
Minimum

dose studied: 0.5 Gy
10 mGy; 50 mGy

Uccnenosan addexr 103 16, 32, 128 u
512 P. J1nst Haumenblieit no3sl (~0.14 Ip)
acddekTa He ObLIO

The effect of doses of 16, 32, 128 and 512 r
has been studied. For the lowest dose
(~0.14 Gy) there was no effect

B table I u3 Upton A.C. et al., 1956 [35]
It pa®oThI [43] oImO0YHO yKa3aH
nopor B4 P

In table IT from Upton A.C. et al., 1956
[35] for work [43] the threshold of 4 R
was erroneously indicated

32 rep 1S MBIIIENH — CO CCBUTKOM Ha
Christenberry K.W., Furth J., 1951 [42].
B texcre [35]:“...to doses as low as 15 to
30 r of x-rays”

32 rep for mice — with reference to
Christenberry K.W., Furth J., 1951 [42].
In the text [35]: “...to doses as low as 15
to 30 r of x-rays”...

JIuHeiiHbIe TO30BbIC 3aBUCUMOCTH
st 0.2—1.6 Tp (3—8 mec)

Linear dose dependencies

for 0.2—1.6 Gy (3—8 months)

JIuneliHast m030Bast 3aBUCUMOCTb JIJIST
0.05; 0.5—10 I'p. ITpu 0.05 I'p apdpexT
OTCYTCTBOBaJI, OMHAKO B [45] caenaHo
MpearoaoXeHne 06 OTCYTCTBUY ITOPOra
Linear dose dependence for 0.05;
0.5—10 Gy. At 0.05 Gy the effect was
absent; however, it was suggested in [45]
that there is no threshold

HoszoBas 3aBucumocTtb mrst 0.5—10.0 I'p
Dose dependence for 0.5—10.0 Gy

“There was a clear dose response in that
changes appeared in the irradiated lenses
earlier in the 50 mGy rats than in the

10 mGy” [48]. “The observation that
0.1-Gy x rays are cataractogenic within
one-third of the lifespan of the rat is rel-
evant in that it suggests lower doses may
also be cataractogenic given sufficient
time for observation” [49]

PAAVUAITMOHHASA BUOJIOTUA. PAAMOBKOJIOI'UA
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Ta6mma 1. OkoHuaHUe
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Animal species,
type of radiation and
regime exposure

Source and reference

Minimum dose
or threshold*

Notes

Worgul B.V. et al., Mice (Afm knockout

Minimum dose studied:

HozoBas 3aBucumocTtsh: 1.0—8.0 Gy

2005b [50] mice); X-rays; acute 1.0 Gy B noxymente ICRP-2012 [49] paGote
[50] ommmm60o4yHO Tipunucad 3 dexT mo03
10 mI'p 1 50 mIp (Bkyme c [48])
Dose dependence: 1.0—8.0 Gy
The ICRP-2012 document [49] errone-
ously attributed the effect of doses of
10 mGy and 50 mGy to [50] (together
with [48])

Kleiman N.J et al., Mice (Atm and Mrad9 0.5 Gy —

2007 [51] heterozygous and wild-

type mice); X-rays; acute

Kleiman N.J. et al., 2008 | Rodent; X-rays; no data | 100 mGy “Kleiman et al. reported that as well as

[52]. Presentation on 325 mGy °Fe ions, exposures as low as

Workshop; cited in Ains- 100 mGy X rays led to a statistically sig-

bury E.A. etal., 2009 [16], nificant increase in cataract develop-

but not in Ainsbury E.A. ment in rodents” [16]

etal., 2016—2021 [17, 26]

(see Fig. 1). And but not

in Kleiman N.J., 2012

[49]

Hlapupkun A.B., Mice (no data); 150 mGy CchUIKM Ha KOHKPETHOE UCCIeI0BaHUe

I'puropses FO.T"., 2009
(MmoHorpacwms). Shafir-
kin A.V., Grigoryev Y.G.,
2009 (monograph) [36]
Dalke C. etal., 2018 [41];
Kunze S. et al., 2021 [53]

X-rays; no data

Mice (B6C3F1);
y-rays, acute

Hall E.J., Giaccia A.J.,
2019 [40]. USA Textbook
“Radiobiology for the
Radiologists”

Mice (no data);
X-rays; no data

Threshold: 0.5 Gy

“Few tens of milligray” —
effect

HeT
There is no reference to a specific study

WUccnenosan a¢dexT 103 63 mIp,

125 mIp 1 500 mIp

The effect of doses of 63 mGy, 125 mGy
and 500 mGy was studied

“A dose of a few tens of milligray (mGy)
of x-rays... produces readily discernible
changes in the lens”. CcbIJIKM HET
There is no reference

* Bold type — low dose effect declaration.

** 1 rep (roentgen equivalent-physical) = 0.93 ergs/g = 0.93 rad. 1 r = 0.88 rad [38].

pUBAJIA OCTpoe OOJyIeHNe, B TO BpeMsl KaK BO3Ieii-
CTBUE Ha paauaIllMOHHBIX paOOTHUKOB, JINKBUIATOPOB
panraMoHHbBIX aBapHid, MJIOTOB 1 KOCMOHABTOB (acT-
POHABTOB), a TaKXXe PEe3UACHTOB TEPPUTOPHUIA C MTOBBI-
IIEHHBIM pagualluOHHBIM (DOHOM, TIpeayCMaTpUBaET
TMPOJIOHTUPOBAHHEIN M XPOHNYECKU Xapakrep. Ta-
KUM 00pa3oM, TaHHas MOJeTb Ha XKUBOTHBIX (C HAM-
MEHBIITMMU T03aMH SKCITO3UITNM) HE CITUIITKOM TIpH-
TOIHA IJIsI TIepeHeCceHNs B 00JIaCTh U3YYEHHBIX 2TTH-
JNeMUOJIOTUYECKUX TPYTIIL.

PAJUALIMOHHASA BUOJIOTUA. PAAMOSKOJIOI'UA

B Tabimiy He Boluix JaHHBIE 110 ASMCTBUIO U3ITY-
yeHuii ¢ BeICOKOI JITID; Takne 3P ekThl B 0030pe He
paccmarpuBatoTcsi. Ho Hago oTMeTUTh, YTO XpycTa-
JIMK TPHI3YHOB SBJISIETCS “Upe3BbIYATHO YYBCTBU-
TEJIbHBIM’ K HEUTpOHAM U APYTUM TUIIAM U3JIyYeHUS
¢ BeIcokoi JITID [4]. DieMeHTH MOMYTHEHMS Ha-
OIIOmAIOTCS IIPU 103aX HEUTPOHOB yke B 1—2 M3B [4,
40, 46], xoTs1 B OOJABIIMHCTBE UCCIEA0OBaHUI (DUTY-
PHYPYIOT 1036l MUHUMYM Ha ITOpSIAOK OoJblie [4, 35,
42, 44]. OgHako MoHsATUE “MaJible J03bl” HE pacIipo-
Ne 4
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CTpaHsIeTCsT Ha pamranuio ¢ Beicokoi JIIID B mpak-
THUYECKOM ITu1aHe [14].

Haubomnpimii mHTEpecC, MTOHSITHO, MPENCTaBISIOT
“adexTh ManbiX 103”. V13 TaOaMLIBI BUTHBI TPU UC-
TOYHMKA, B KOTOPHIX TAaKOBBIE SIKOOBI IIPOJAEMOH-
CTpUpoOBaHbl. BeCOMOCTBH 3TUX UCTOUHMUKOB, UCXOIS
13 COBOKYITHOCTHU (DaKTOB JJIsI HUX, HEBEJIMKA.

1. B 0630pe MKP3 [49] uuTtupyercs B IjlaHe Ka-
TapaKTOTreHHBIX 3 dEKTOB IJISI KPBIC MOCJIe 00Iyde-
aug B o3ax 10 u 50 mI'p HemocTyITHAsE HaM B TIOJTHOM
Buae ctathst Worgul B.V. et al., 2005a [48], koTopas
He TmipeacrtaBiieHa B PubMed, He uMmeeT mMHOEKca
DOI, u ipu moucke yepe3 Google BEISIBISICTCS TOIb-
KO Ha caiiTe caMoro >XypHaJia, a TaKXXe, CO CCbUIKOM
Ha HETo, Ha IMOMCKOBOM pecypce “OA.mg”. Ho — He
rae-mbo emie. B.V. Worgul — m3BecTHBIN crienina-
JIUCT HA MHTEPECYIOIIYI0 TeMYy, UMEETCSI €r0 CTaThs
(c coaBTOopamu) eiie ot 1977 1. Mo paauanMOHHBIM
addexTaM Ha XpyCTaInK y Kpoanukos [54]. B uccie-
JMIOBAaHWM KaTapakT y JUKBUAATOPOB aBapuu Ha Yep-
HOOBUIbCKOM ADC, mpoBeaeHHOM B.V. Worgul ¢ co-
TpyaHukaMu B 2007 1. [55], meKIapupyOTCs OTHU U3
HaMMEHBIINX 103 I MHAYKLIWMU HapylIeHUM Xpy-
CTaJIMKa B paAalliOHHON’ SIIMAEMHUOJIOT M. DTa CTa-
ThSI IUTUPYETCS B UICTOYHMKAX, OTPaKeHHBIX Ha PHC. 2,
KakK TUIIa “KOHILIENTyaJlbHas1” B [IJJaHe MUHUMAaJIbHOM
mo3el [4, 9, 13, 16—18, 49, 56, 57] nau maxe oTCyT-
ctBUs opora [ 10] katapakToreHHbIX 3¢ HeKTOB, Ha-
psiAy ¢ KOTOPTOM MOCTPAagaBIIMX OT aTOMHBIX OOM-
O6apaupoBoK. Ho cchuiky Ha Ha3BaHHYIO 3KCIIEpHU-
MeHTaJbHyI0 cTtaThbio oT 2005 1. [48] ¢ “addekramn
MaJibIX 103", KpoMe ucTouHuka [49], 6ojee He oOHa-
PYXEHBI HAMU HUILJE; BO BCEX IIPEAbIAYIINX ITyOIn-
kanusx B.V. Worgul ¢ coaBTopamn B onibITax Ha XXU-
BOTHBIX JaHHBIEe 1Jis1 103 MeHee 100 mIp He mpen-
craBlieHHI [46, 47, 50, 54].

2. BTopoil UCTOYHUK — TIpe3eHTall1sl Ha pabouyeM
cosemannu Kleiman N.J. et al., 2008 [52], B koTO-
poii, cyas o o63o0py Ainsbury E.A. et al., 2009 [16],
COO00IIa7IOCh O BBISIBJIGHUU [IJIsI TPHI3YHOB Hapylle-
Huii B Xpyctaiuke npu nosze 100 mIp (rpanuma ma-
JIBIX 103). OTU JaHHbIE [ajiee HE YIIOMUHAIUCH HU-
rme: HU B OoJiee mo3mHux od63opax E.A. Ainsbury u
coasT. [17, 26] (1 Op.), HU B MyOGIUKALIMKA B aHHAIaX
MKP3 ot 2012 r. mox aBTopctBoM camoro N.J. Klei-
man [49]. Bpsin 1u eqHUYHAS TIpe3eHTaLST MOXET
CUUTATHbCSI BECOMBIM HCTOUHMKOM MpU HAJIMYUU
MHOX€ECTBa HACTOSIIMX padOT 3a MHOTUE IrOJibl, B KO-
TOPBIX KaTapaKTOTeHHBbIX 3((hEKTOB B OIbITAX Ha
MBIIIax 1 Kpbicax mist 103 <100 mI'p He oGHapyXeHO.

3. Vxe paccMOTpeHHOe O0beMHOe mocodue u3
CIIIA “Radiobiology for the Radiologists” ot 2019 r.
nox aBropctBoM E.J. Hall m A.J. Giaccia [40] c yrBep-
KIEHUEM O IMOPOre KaTapaKTOreHHbIX 3deKToB 115
MBbIIIEH, PaBHBIM “HECKOJIbKUM JecsITKaM MWJUIU-
rpeit” peHTreHOBCKOTO W3Iy4YyeHUus. be3 CChUIKM.
He Bo Bcex mocobusix ecTh CChLJIKM, OTHAKO Ha TaKOe
MOJIOXKEHWE WX CJIeIOBAJIO OBl MPUBECTH, MO0, KaK

PAAVUAITMOHHASA BUOJIOTUA. PAAMOBKOJIOI'UA

BUIUM M3 TaGJIUILBI, YTBEPXKICHE HE OTBEUAET pe-
albHOCTU OonbmiuHcTBa pador. E.J. Hall, cyna no
BCeMy, HE 3psl SBJISIETCSI aBTOPOM M3IaBaBILIETOCS
yKe BOCEMb pa3 IToco0us: 3TO AeHCTBYIONINI UCCe-
JIoBaTeib, COABTOpP MyOJMKALWil C YIOMSIHYTBIMU
B.V. Worgul [47, 50] u N.J. Kleiman [52]. [1epBbiii,
KaK OTMeUaioch, OAWMH U3 BEAYIIUX UcclienoBarteieit
JIy4eBBIX KaTapaKTOTeHHBIX 3(@EeKTOB B 3KCHEpHU-
MeHTe U snugemuonoruu [46—48, 50, 54, 55], a BTo-
poii, IOCTAaTOYHO CKa3aThb, AaBTOP JTOKYMEHTA B aHHA-
Jax MKP3 no pagualinoHHOMY KaTapakTOreHe3y OT
2012 1. [49]. Bce ke HenonKperuieHHOe HUYEM Ipu-
OJIM3UTEIILHOE YTBEPKICHNE, HEKOe “CBOOOIHOE XY-
noxecTBo” B mocoouu [40], He MOXET CIIY:KUTb Ha-
JIeXKHBIM UCTOYHUKOM; OOJIee TOr0, OHO CKOpee IIpu-
HOCHUT Bpel BCICACTBUE ITUPOKOTO UCIHOIb30BAaHUS
JTaHHOTO Y4eOHOTIO IToCco0Ousl.

CrnenyeT 100aBUTh TaKXe, YTO B OpUTHUHAJIE MTOITY-
JsipHOTO cTaporo o63opa Upton A.C. et al., 1956 [35],
B CBOJHOI Tabjulie, UMEIOTCI HEBEpHble TaHHbIE
JIJISI TOPOTOBO# 103bl MHAYKIIUU KaTapaKTOT€HHBIX
U3MEHEHUUN Yy KPOJUKOB CO CChUIKOW Ha padory
McDonald J.E. et al., 1955 [58]. B [35] st B-uznyue-
HUSI yKaszaHa go3a B 60 rep (T.e. B TpaHUIAX MaIbIX
J103), B TO BpeMsI KakK B caMoii yoauKauuu [58] ume-
JIU J1eJIO C DKCITO3ULIUSIMU B ThICSIYU T€P, TaK YTO MU-
HuMaJibHast 1o3a coctaBuia 500 rep. B [35] umerorcs
U MHbIE HeBEPHbIE JO3bI 11 pAHHUX UCCIIeTOBAHUIA,
YTO 3aCTaBJSIET C OCTOPOXHOCTbIO OTHOCHUTHCS K
“apdekTaM MaJIbIX 103”7 U3 CTapbIX IyOJMKaLMA,
KOTOpPbI€ OOJIBIIMHCTBO COBPEMEHHBIX aBTOPOB BPSI/I
Jiu OyyT aHATM3UPOBATh 110 OPUTUHAJIAM.

B pesynbraTe MOXHO cAeiaTh BBIBOI, UTO Hake
JUIST TIONOOPKU padoT, B KOTOPBIX JEKJIApUPYIOTCS
3 deKkThl Ha XPYyCTATIMK HAUMEHBIINX 103 paaua-
LIMH, TaHHBIE O JCMCTBUU MAJIBIX JO3 C IoKa3aTelb-
HOI MO3UIIUN — OTCYTCTBYIOT. MIMeroluecs: oTaeab-
HBIEC “UCKIIOYEHNSI” MOTYT CIIY>KUTh TOJIBKO IIJIST He-
HAy4YHOT'0, KOHBIOHKTYPHOTO MONKPEIUIEHUS HEKUX
TeHISHIIMO3HBIX TTO3ULINI, HO He KaK BECOMbBIE HC-
TOYHUKHU. OTCYTCTBUE HACTOSIIUX MOATBEPXKICHMIA
3aCTaBisIeT TIOBEPUTh B HOOPOCOBECTHOCTH OOJIb-
IIMHCTBA aBTOPOB 3KCIIEPUMEHTABbHBIX PabOT, B OT-
CYTCTBUE CYOBEKTUBHBIX YKIOHOB. 160, KaK yKa3aHo
B 0030pe Ainsbury E.A. et al., 2009 [16], “nipennona-
raeMble MUHUMAaJIbHBIE O3l OOJIydeHUsI, HEOOXOA -
MbI€ T MHAYKIIUY KaTapaKThl, 3aBUCAT OT AU3aiiHa
u Metomonorum ucciemoBanusa”. (“The estimated
minimum doses of radiation that are required to cause
cataracts vary with study design and methodology”.)
To ectb — “KTO MIIET, TOT HaAET”, OOHAKO — HE Ha-
LN,

MuHUMAaNIbHBIE J03bl MHAYKIMKW TOBPEXICHUI
XpyCTaJliKa B 3KCIEpUMEHTEe, KaK CIeayeT M3 ITaH-
HBIX B Ta0nuIe, cocTanisdior 12.5 rep (~0.12 I'p) [43]
u 15 R (~132 mIp) [35]. Takum obpazom, Hauboee
OIM3KOM IIpENCTaBJIsIeTCs OlLlEHKAa MOpora B MOHO-
rpacdumn Illacdupkun A.B., I'puropwes 1O.I., 2009
Ne 4
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Puc. 6. 3aBUCHMOCTD 4YKCJia IOMYTHEHUI B XpyCTaIMKe
OT [103bl paauallMy B pa3Hble CPOKU TOCIEe BO3AEHCTBUS
Ha Mbireit tuanu C54B1 X C3H peHTreHOBCKOTO M3IIy-
yeHus. ['paduk moctpoeH HaMM IO maHHBIM u3 Table 1
pa6otsl Di Paola M. et al., 1978 [44]. [1peacrasieHsl, co-
racHo opuruHany [44], Mean + G (cTaHmapTHOE OTKJIO-
HeHHUe OT cpenHero 3HadeHus1). KoadduimeHTsl Koppe-
s [Tupcona: » = 0.976—0.992 wist pa3HbIX CPOKOB
mociie ooydeHust; p < 0.001 mist Bcex cpokoB.

Fig. 6. Dependence of the opacity number in the lens on
the dose of radiation at different times after exposure of
C54B1 x C3H mice to X-rays. The graph was made by us
according to the data from Table I of Di Paola M. et al.,
1978 [44]. Mean *+ o (standard deviation from the mean)
are presented according to the original [44]. Pearson cor-
relation coefficients: » = 0.976—0.992 for different periods
after exposure; p < 0.001 for all periods.

[36] — 150 mIDp, xoTs1 B pabote 1951 1. [42] mo3aB 16 R
(~0.14 I'p) addekra He umena. CiaeayeT y9uThIBaTh,
yTto Imyoaukauuu [35, 42, 43] yBunenu cBet 1o 1957 r.,
Korga OwlIa pas3paboTaHa IiepBasl COBpeMeHHas

cTaHaapTu3anuvsa CTCIICHU ITOMYTHEHUA XpyCTaIMKa
[18, 49, 56].

AIleKBaTHOI MJUTIOCTpAaIMeil TO30BOI 3aBUCHUMO-
CTHU IJI1 IOMYTHEHUI XpYyCTaIMKa MOCJIE BO3ACHUCTBUS
PEHTTEHOBCKOTIO U3 TyYeHUSI Ha MBI SIBJISIETCS, MIC-
Xonsl M3 M3JIOXKEHHOro BhIIIe, pabora Di Paola M.
et al., 1978 [44], pe3yJbTaThl KOTOPOIi OTOOpaKEHBI
Ha puc. 6.

3aBUCUMOCTU, BUAVMEIE Ha pUC. 6, B OpUTUHAJE
[44] cTaTcTUEeCcKOIT 00pabOTKe HE ITOIBEPTaINCh,
OIIHAKO TIpeaAcTaBJIcHHbIe TaM Mean, G U BEJTMYUHBI
BBIOOPKU (#1) TIO3BOJIMJIM IPOBECTHU TAKOBYIO C TIOMO-
IbI0 TIporpaMMEI Statistica, ver 10. CpaBHUTEIBHO C
koHTpoJieM (0 I'p) HU Ha OOMH CPOK IIOCJIe BO3ACH-
ctBus 111 0o3bl 0.2 I['p 3HAUMMBIX OT/IMYMIL HE UMe-
JIOCh, TOJIBKO 1151 cpoka 8 mec. p = 0.052, 1.e. 61U3KO
K 3HaYMMOCTH. 3ato yxe 1js 1o3bl 0.4 I'p oTnuuus
IUIST BCeX MEPUOAOB BpEeMEHM OBbUIM CTaTUCTUYECKU
yoenutenpHbIMU: p = 0.001—0.02. Takum oOpa3zom, B
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IIPOTUBOBEC yKa3zaHHOMY Bhile 1opory B 0.15 Ip,
MO>KHO TOBOPUTH TOJILKO O BO3MOXHOM TeHACHIIMU K
acddexry mis no3wl 0.2 ['p Ha MO3AHKE CPOKU, C YBE-
peHHOI dukcanneit appexra HaunmHas ot 0.4 Ip.

BosHukaeT BoIpoc o 1030BOii 3aBUCMMOCTU HeE
JUIST pEHTTEHOBCKOTO, a ISl Y-U3JIy4eHUsI, KAaKOBBIX
JIaHHBIX IBHO MeHbIe (cM. B Tabiuie). Ho onenka
OTHOCUTENBbHON OMOJIOTUYECKON 3PPEKTUBHOCTH
MPUMEHUTEJILHO K 3TaJOHHBIM PEHTIEHOBCKOMY
(250 x3B) ¥ y-U3TYy4YeHUIO OOBIYHO TEMOHCTPUPYET
OOJIBIIYIO KECTKOCTH TIepBoro. Tak, mas MHIYKIUU
abeppauuii XpoMOCOM HEUTpoHaAMM B JUMOLIUTaxX
COOTBETCTBYIOIIWI OKa3aTelb IIPU UCIIOJIb30BaHUN
B KadecTBe 3TajoHa °°Co Bbllle MPUOIU3UTENIBHO B
YeThIpe pa3a CpaBHUTEJIBHO C MOKa3aTeJIeM IS ITa-
JIOHHOTO PEHTIeHOBCKOTO M3ydeHus [59].

U BeIBOO 13 Coo6uieHusa 1 — TOJIbKO OOUH: He-
cMOTpsI Ha Ooiiee yeMm 70-JeTHee yIIIyOJeHHOE HC-
cJieloBaHMEe KaTapaKTOTeHHOIO NeMCTBUS pagualiui
B ONBITaX HA XWBOTHBIX, TOKa3aHHbIE 3 (HEKThI Ma-
JIBIX 003 U3TydeHus1 ¢ Hu3koi JIIID B akcriepumenTe
He OOHapyxXeHBI. To ecTb He umeemcs SKCIEPUMEH-
TaabHOU ©0a3bl (OMOJOTMYECKOTO IIPaBAOIIOAO0OMS
9TOI0 TUMA) IS AMMUASMUOIOTMYECKUX IPEAosIo-
XKEHHUIN O COOTBeTCTByIOIINX 3¢@deKkTax Ha ypOBHE
NONYJISIIUIA YeJIOBEeKa.

SAKJIIOYEHHME

B Hacros1emM pasniene CChUIKU, KOTOPBIE MOXHO
HaWTU BBIIIE, 32 HEKOTOPBIMU WCKIIOUCHUSIMU HeE
MIPUBOASITCSI.

CornacHo uMeronIeiics peaJbHOCTH B 0O0JIacTH
panuanoHHOM 6€30ITaCHOCTH, JTyuyeBble HApYIIEHUS
B XpyCTajJlMKe W paJuallMOHHbIC KaTapaKThl paccMar-
PUBAIOTCS KaK TPEThU T10 3HAUUMOCTU (P PEKThI 00ITY-
YeHUsI MOMyJISILIUI YeloBeKa, BCIIe 32 CMEPTHOCTBIO OT
paka u 60ye3Heil cucTeMbl KpoBoobpaleHus. Y xots
COIOCTaBJIEHUE MOTEHLMAIbHO (haTaIbHBIX TOCe-
CTBUI1 ¢ HeaTaTbHBIMU (MTPUYEM MOABEPTAIOIIIUMU -
Csl XUPYPruuecKoil KOppEeKLMU) He TIPeaCTaBIsIeTCs
oIpaBIAaHHBLIM, TeM He MeHee B TeueHue 0omee 70 et
panauoreHHbIe TTOBPEXIASHUS XPYyCTAIMKA MPUBJICKa-
JIU BHUMaHUE B OOJIACTSX paavallMOHHON BIuje-
MUOJIOTUM U paavallMOHHON MeaullMHbI. B acriekre
npobaeMbl 3(PpPeKTOB MaJbIX 103 U3JTYUYEHUST C HU3-
kot JITID (mo 100 mIp), cTaBiieit 0cOOEHHO aKTyallb-
HOI B MocjeqHUe MopsiiKa YeTBepTU Beka [34], uH-
Tepec K 1030BOM 3aBUCUMOCTH IS UHAYKIIMU Hapy-
IIIEHUI B XpycTajuke U (hOPMUPOBAHUIO KaTapakT
rnocjie oOJydyeHusl HapacTaeT B JUHeHO mporpec-
CHUH, O YEM CBUIETEIBbCTBYET B TOM UMCJIE XPOHO-A1-
HaMUKa YBEJIMYEHUS] YUCJIa COOTBETCTBYIOIIUX OO-
30pHBIX HccaenoBanuii mo rogaM (¢ 2007 r.; » = 0.650;
p=0.006; cm. puc. 3).

Juvckyccus 0 TOM, YTO HapylIeHUsI B XpyCTaIMKe
MOTYT WHIYLIMPOBAThCS “Iaxke MaJlbIMU J03aMU pa-
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IVanyun’”, BIUIOTh IO MPEANOI0KEeHMS O IIOJTHOM OT-
CYTCTBUU ITOPOTra U CTOXaCTUYHOCTU YKa3aHHBIX 10~
CJIENCTBMIA, BCErJa CUYMTABIIMXCS TKAaHEBBIMM (Ie-
TEPMUHUPOBAHHLIMM) pPEAKLUSIMH, IIPOMOJIKACTCS
yxe oosiee 10 ner (¢ MKP3-118 [3]). ITpuyem, Kak
MMOKa3bIBaeT MaTepral MacChl 0030pPOB Ha TeMy (HaM
u3BecTHHI 47 HaunHas ¢ 2007 r.), obcyXXaeHue ¢ Teue-
HUEM BpPEeMEHHM B paMKaxX YKa3aHHOTO HOeCSTUJICTHUS
BPSI JIM JAaeT HEYTO HOBOE B KOHILIETITYaJIbHOM U JIO-
Ka3zaTeJbHOM IUIaHe, MO0 HOBBIE 3KCIIEPUMEHTAIb-
HEIC 1 3NUIEMHUOJIOTUYECKIE JaHHBIE 110 3 deKTaMm
MAaJIBIX 103 MpaKTUUYeCKU He npudapisiorcs. dekia-
palyy 0 BO3MOXHOCTHU TaK1X 3(PpPEKTOB BCTPEUAIOT-
cs1 B OOJIBIIMHCTBE ITyOInKaluii, HO 03HaKOMJICHUE C
mpoO0JIeMOil TTOKAa3bIBAET, YTO PEaIbHO ITOJO0OHBIX
CBeJICHUI1 HEMHOTO WJIY XK€ OHU COMHUTEILHEL. [1po-
SICHEHME TaHHOTO BOIIPOCa IT0Ka OTCYTCTBYET J1aXe B
JOKYMEHTaX MEXIYHapOMHBIX OpraHM3anuii, TaKuX
kak MKP3 [3], HKJAP OOH [60], MATATD [61] u
np. B HacTosIeM McciemoBaHUM U3 IBYX COOOIIe-
HUIi ObLJIa cliejlaHa TMOTIBITKA 3alI0OJHUTh YKa3aHHbBIH
pooet.

ITockonbKy 3nMMAEMUOIOTNYECKHIE 3aBUCUMOCTU
U accollMalluM I TIOATBEPXKIEHUS NPUYMHHON
CBSI3U JOJDKHBI, 110 BO3MOXHOCTH, COOTBETCTBOBATh
KPUTEPUIO OMOJIOTMYECKOro mpasaoronodous [27, 28],
B HactosreM CoobmeHnn 1 ObUT BBITIOJTHEH 0030p
HamboJiee “monyasspHbIX” (T.e. paccMaTpUBaeMBbIX
B TeMaTuW4yecKux Nybyiumkaiusix) padoT mo Karapak-
TOTeHHBIM 3 (PeKTaM HAaUMEHBIIMX 103 pagualu C
Hu3koi JIIID B skcnepuMeHTax in vitro U Ha XH-
BOTHBIX.

UpesBblyaitHas paguoOdyBCTBUTEIBHOCTh KJIETOK
XpycTajuKa, IpeBbIIIaiolias 1o MoKa3aTe 10 UHIYK-
muu DSB maxe mapameTpbl TMM@OIUTOB, ITOATBEP-
XnaeTcs B psae pador; yBeamdeHue ypoBHsT DSB
MIPOIEMOHCTPUPOBaHO gaxe Wi mo3bl 20 mIp. On-
HaKO TIpU MepEeHEeCeHUU TO030BbIX 3aKOHOMEPHOCTEM
Ha 9KCIEPUMEHTHI in vivo, Ha OOJIydeHHe MBIIICH 1
KpbIC, BEIBOABI 00 3heKTax MaIbIX 103 HE TTOATBEP-
Xnarorcs. Bertoopka padot 3a 6oiiee yem 70 jeT, Ko-
TOPLIMU ONEPUPYIOT B COOTBETCTBYIOIIMX pa3leiax
0030pHBIX M MHBIX MYyOJMKALM M0 pagyvoTreHHbIM
HapylIeHUsSIM B XpyCTaJMKe, TAKOBBIX 3((DEKTOB HE
BeIssBMIIa. MMeroluecss TpU UCKIIIOYeHUs (He BO-
menmas B PubMed crares, nutupyemass B equH-
CTBEHHOM HCTOUHMKe [48], mpe3eHTauus Ha pabo-
YyeM COBeIIaHuM [52] n Mpon3BONbHOE YITOMUHAHUE
B y4eOHOM I10cobmu 0e3 cchliku [40]) He clryXaTt Be-
COMBIMM HayYHBIMU UCTOYHUKAMU, XOTS U MOT'YT UC-
IIOIb30BaThCSI C KOHBIOHKTYPHBIMM 1LIEISIMU IIpU
TEHJIEHLIMO3HOM M3JIOKEHUU TeMbl Maibix 103. Kpo-
M€ TOTO, EAMHWYHOCTh 3TUX JAHHBIX HE MOAIIagacT
MOoJ, KpUTEPUIl SMUAEMUOJOTUUESCKOTO MOATBEPKIe-
Hus “IlocTtostHCTBO accoumanyu’” (T.€. BOCIIPOU3BO-
auMocTH 3ddexra) [62].

PAAVUAITMOHHASA BUOJIOTUA. PAAMOBKOJIOI'UA

Camble MaJjible IIOPOroBbi€ AO3BI pagualldv JJIst
VHIYKIINY KaTapaKTOT€HHBIX ITOCACACTBUIA TSI MBI~
IIEid COCTaBIISIIOT, COIVIACHO WCCJIEHOBAHUSIM €IIe
1950-x romos, 12.5 rep (~0.12 Ip) [43] u 15 R
(~0.13Ip) [35] must peHTTeHOBCKOTO W3IyYeHUS.
K manHpIM BelrmumHaM HamOoJiee OJIM3KOM IIpel-
cTaBJIsIeTcs olleHKa rmopora B MoHorpadun Hladup-
kuH A.B., I'puropses FO.T., 2009 [36] — 150 mID, x0-
T B pa6ore 1951 r. [42] no3a B 16 P (~0.14 I'p) ad-
dekTa He umesa. CieayeT YYUTHIBaThb, OMHAKO, UTO
nyonukauuu [35, 43] yBungenau cset g0 1957 r., xorma
ObLTa pa3paboTaHa repBasi CTaHAAPTU3aLMs CTEIIEHU
IMIOMYTHEHMSI XpyCTajuka M (opMHUpOBAHUSI KaTa-
pakTt. I[TloaTOMy, BEpOSITHO, ClIeAyeT HPUACPKNBATh-
csl pe3yJIbTaToB 0oJjiee MO3MHUX UccienoBanuii. Kak
OBLJIO MOKAa3aHO 31ech st padboTel [44] (1978), ipu
BO3ACUCTBUM PEHTTEHOBCKOTO M3JIy4YeHHsS Ha MbI-
1Ieii HeKoTopasi TeHASHIIUSI K IIOMYTHEHUIO B Xpy-
CTaJIMKEe MOKET HaOJIIoJaThCsl HA MO3IHUE CPOKU (8
Mec.) mjst 7o3bl 0.2 I'p, ¢ yBepeHHOM, CTaTUCTUUECKU
3HaYMMOI pukcauueit apdekra yepe3 3—8 mec. Ajs
nmo3el B 0.4 Ip.

CoOGCTBEHHO TOBOPSI, B OOJILIIMHCTBE UCTOYHU-
KOB IJISI yKa3aHHOTO 3¢ deKTa B ONbITaX HAa IPhI3yHaX
M COOOIIIAaeTCs O MIOPOTOBBIX 103aX B €AMHUIIBI TPEii,
MuHUMYM — B 0.5 Ip [3] (u np.). Takum oOpazom,
B 9KcIepuMeHTe 3¢(hEKThI MaJibIX 103 IJIST Hapylle-
HUI B XpyCTaJIMKe He 0OHAPY>KEHBI.

B Coob6meHnun 2 niaHupyeTcss pacCMOTPETh DITH -
JIEMUOJIOTUYECKYIO COCTABJISIONIYIO ITIPOOIEMBI: 10-
30BBI€ 3aBUCUMOCTU IJIsI Pa3IMYHBIX OOJTYyYEeHHBIX
KOTOPT/TPYIIII C MpoheCCUOHATBHBIMU U UHBIMU TH-
rmaMu OO0JIydeHUs B acIlieKTe NEeMCTBUS MaIbIX J03.
Bxyne ¢ ucTopueil 3BOIIOLIMU ITOPOrOBBIX A03 CO-
rmacHo MKP3.

KOH®JIMKT MHTEPECOB

KoHpuukT nHTepecoB orcytcTByer. [IpeacraBieHHOe
HCClIeOBaHNe, BHITIOJTHEHHOE B paMKax OIOMKETHOM Te-
Mbl HUP ®MBA Poccumn, He noaaepXuBaaioch HUKaK1-
MU UHBIMU UCTOYHUKAMU (DUHAHCUPOBAHUSI.

CIIMCOK JIMTEPATYPbI

1. Ashmore J.P., Krewski D., Zielinski J.M. et al. First ana-
lysis of mortality and occupational radiation exposure
based on the National Dose Registry of Canada // Am.
J. Epidemiol. 1998. V. 148. Ne 6. P. 564—574.
https://doi.org/10.1093/oxfordjournals.aje.a009682

2. UNSCEAR 1972. Report to the General Assembly,
with Scientific Annex. V. I. “Level”. Annex C. Doses
from occupational exposure. United Nations. New
York, 1972. P. 173—186.

3. ICRP Publication 118. ICRP Statement on tissue reac-
tions and early and late effects of radiation in normal
tissues and organs — threshold doses for tissue reactions
in a radiation protection context. Annals of the ICRP.

Ne 4

TOM 63 2023



10.

11.

12.

13.

14.

KATAPAKTOTEHHBIE D®PEKTBI MAJIbIX 103 PAINALIN

Ed. by C. H. Clement. Amsterdam—New York: Elsevier,
2012. 325 p.

Hamada N., Sato T. Cataractogenesis following high-
LET radiation exposure // Mutat. Res. Rev. Mutat.
Res. 2016; 770 (Pt B): 262—291.
https://doi.org/10.1016/j.mrrev.2016.08.005

. Little M.P., Azizova T.V., Hamada N. Low- and mode-

rate-dose non-cancer effects of ionizing radiation in di-
rectly exposed individuals, especially circulatory and
ocular diseases: a review of the epidemiology // Int. J.
Radiat. Biol. 2021.V. 97. Ne 6. P. 782—803.
https://doi.org/10.1080/09553002.2021.1876955

Leveraging Advances in Modern Science to Revitalize
Low-Dose Radiation Research in the United States.
National Academies of Sciences, Engineering, and
Medicine; Division on Earth and Life Studies; Nuclear
and Radiation Studies Board; Committee on Develo-
ping a Long-Term Strategy for Low-Dose Radiation
Research in the United States. Washington (DC): Na-
tional Academies Press (US). 2022. 342 p.
https://doi.org/10.17226/26434

Dauer L., Blakely E., Brooks A., Hoel D. Epidemiology
and mechanistic effects of radiation on the lens of the
eye: review and scientific appraisal of the literature.
Electric Power Research Institute (EPRI). Technical
Report. 3002003162. Final Report. Newburgh: NY,
2014. 142 p.

. Ong H.S., Evans J.R., Allan B.D.S. Accommodative in-

traocular lens versus standard monofocal intraocular
lens implantation in cataract surgery // Cochrane Da-
tabase Syst. Rev. 2014. V. 5. Art. CD009667.
https://doi.org/10.1002/14651858.CD009667.pub2

Hamada N. lonizing radiation sensitivity of the ocular
lens and its dose rate dependence // Int. J. Radiat. Biol.
2017. V. 93. Ne 10.P. 1024—1034.
https://doi.org/10.1080/09553002.2016.1266407

Hamada N., Azizova T.V., Little M.P. An update on ef-
fects of ionizing radiation exposure on the eye // Br. J.
Radiol. 2020. V. 93. Ne 1115. Art. 20190829. 26 p.
https://doi.org/10.1259/bjr.20190829

Averbeck D., Salomaa S., Bouffler S. et al. Progress in
low dose health risk research: Novel effects and new
concepts in low dose radiobiology // Mutat. Res. 2018.
V. 776. P. 46—69.
https://doi.org/10.1016/j.mrrev.2018.04.001

Rehani M.M., Vano E., Ciraj-Bjelac O., Kleiman N.J.
Radiation and cataract // Radiat. Prot. Dosimet. 2011.
V. 147. Ne 1-2. P. 300—304.
https://doi.org/10.1093/rpd/ncr299

Shore R.E., Neriishi K., Nakashima E. Epidemiological
studies of cataract risk at low to moderate radiation do-
ses: (not) seeing is believing // Radiat. Res. 2010. V. 174.
Ne 6. P. 889—894.

https://doi.org/10.1667/RR1884.1

Komepog A. H. OT oueHb MaJIbIX 10 OYEHb OOJTBIITNX 103
panuanuu: HOBbIE TaHHBIC TI0 YCTAHOBJICHUIO AUAara-
30HOB M MX 3KCIEPUMEHTAIbHO-3MUACMUOIOTHYC-
ckue obocHoBaHuUs // Men. paguoiorust U paauall.

PAJUALIMOHHASA BUOJIOTUA. PAAMOSKOJIOI'UA

15.

16.

17.

18.

19.

20.

21.

22.

23.

TOM 63

351

6e3omacHocTb. 2013. T. 58. Ne 2. C. 5-21. [Koterov A.N.
From very low to very large doses of radiation: new data
on ranges definitions and its experimental and epidemi-
ological basing // Medits. Radiologiyia Radiat. Bezo-
pasnost (Medical Radiology and Radiation Safety;
Moscow). 2013. V. 58. Ne 2. P. 5—21.] (In Russ. Engl.
abstract.)

Komepoe A.H., Baiincon A.A. KOHBIOHKTYPHBII 11O~
XOJI K TIOHSITMIO O TMara30oHe MaJbIX J03 paaualiu ¢
Hu3koit JIIID B 3apyOGekHBIX 0030pHBIX UCTOYHUKAX:
HeT u3MeHeHuit 3a 18 et // Men. pannosiorust 1 pagu-
air. 6esonacHoctb. 2022. T. 67. Ne 5. C. 33—40. [Ko-
terov A.N., Wainson A.A. Conjunctural approach to the
concept of low dose radiation range with low LET in
foreign review sources: no changes for 18 years // Me-
dits. Radiologiya Radiat. Bezopasnost (Medical Ra-
diology and Radiation Safety; Moscow). 2022. V. 67.
Ne 5. P. 33—40. (In Russ.)]

https://doi.org/10.33266,/1024-6177-2022-67-5-33-40

Ainsbury E.A., Bouffler S.D., Dorr W., Graw J., Muir-
head C.R., Edwards A.A., Cooper J. Radiation catarac-
togenesis: a review of recent studies // Radiat. Res.
2009. V. 172. Ne 1. P. 1-9.
https://doi.org/10.1667/RR1688.1

Ainsbury E.A., Dalke C., Hamada N., Benadjaoud M.A.,
Chumak V., Ginjaume M. et al. Radiation-induced lens
opacities: epidemiological, clinical and experimental
evidence, methodological issues, research gaps and
strategy // Environ. Int. 2021. V. 146. Art. 106213. 14 p.
https://doi.org/10.1016/j.envint.2020.106213

Hamada N., Fujimichi Y., Iwasaki T., Fujii N., Furu-
hashi M., Kubo E. et al. Emerging issues in radiogenic
cataracts and cardiovascular disease // J. Radiat. Res.
2014. V. 55. Ne 5. P. 831—846.

https://doi.org/10.1093 /jrr/rru036

Nakashima E., Neriishi K., Minamoto A. A reanalysis of
atomic-bomb cataract data, 2000—2002: a threshold
analysis // Health Phys. 2006. V. 90. Ne 2. P. 154—160.

https://doi.org/10.1097/01.hp.0000175442.03596.63

Neriishi K., Nakashima E., Minamoto A., Fujiwara S.,
Akahoshi M., Mishima H.K. et al. Postoperative cataract
cases among atomic bomb survivors: radiation dose re-
sponse and threshold // Radiat. Res. 2007. V. 168. Ne 4.
P. 404—408.

https://doi.org/10.1667/RR0928.1

Rajabi A.B., Noohi F.,, Hashemi H. et al. lonizing radia-
tion-induced cataract in interventional cardiology
staff // Res. Cardiovasc. Med. 2015. V. 4. No 1.
Art. €25148. 6 p.
https://doi.org/10.5812/cardiovascmed.25148

Andreassi M.G., Piccaluga E., Guagliumi G., Del Greco M.,
Gaita F., Picano E. Occupational health risks in cardiac
catheterization laboratory workers // Circ. Cardiovasc.
Int. 2016. V. 9. Art. e003273. 9 p.

https://doi.org/10.1161 /circinterventions.115.003273

Klein B.E., Klein R.E., Moss S.E. Exposure to diagnos-
tic x-rays and incident age-related eye disease //
Ophthalmic Epidemiol. 2000. V. 7. Ne 1. P. 61—65.

Ne 4 2023



352

24.

25.

26.

27.

28.

29.

30.

31.

32.

KOTEPOB, YIIEHKOBA

https://doi.org/10.1076/0928-6586(200003)711-
2FT061

Yuan M.-K., Tsai D.-C., Chang S.-C., Yuan M.-C.,
Chang S.-J., Chen H.-W., Leu H.-B. The risk of cataract
associated with repeated head and neck CT studies:
a nationwide population-based study // AJR Am. J.
Roentgenol. 2013. V. 201. Ne 3. P. 626—630.
https://doi.org/10.2214/AJR.12.9652

Weinstein O., Sade M.Y., Shelef I. et al. The association
between exposure to radiation and the incidence of ca-
taract // Int. Ophthalmol. 2021. V. 41. Ne 1. P. 237—-242.
https://doi.org/10.1007/s10792-020-01572-5

Ainsbury E.A., Barnard S., Bright S. et al. lonizing radi-
ation induced cataracts: Recent biological and mecha-
nistic developments and perspectives for future re-
search // Mutat. Res. Rev. Mutat. Res. 2016. V. 770.
Pt. B. P. 238—261.
https://doi.org/10.1016/j.mrrev.2016.07.010

Komepoes A.H., Ywenkosa JI. H., bupiokos A.1I. Kpure-
puii Xumia “buonornueckoe nmpasmononooue”. MH-
Terpauusi JTaHHBIX U3 Pa3IUYHBIX JUCIUIUIUH B 3TU-
JEMUOJIOTUA W pagualliOHHOW SMUIEMUOJIOTUU //
Panuari. 6uosorus. Paguoskonorus. 2020. T. 60. Ne 5.
C. 453—480. [ Koterov A.N., Ushenkova L.N., Biryu-
kov A.P. Hill’s criteria “Biological plausibility”. The
data integration from different disciplines in Epidemi-
ology and Radiation Epidemiology // Radiats. Biol.
Radioecol. (“Radiation biology. Radioecology”, Mos-
cow). 2020. V. 60. Ne 5. P. 453—480.] (In Russ. Engl.
abstract.)
https://doi.org/10.31857/S0869803120050069

Koterov A.N., Ushenkova L.N., Biryukov A.P. Hill’s
“Biological Plausibility” criterion: integration of data
from various disciplines for epidemiology and radiation
epidemiology // Biol. Bull. 2021. V. 48. Ne 11. P. 1991—
2014.

https://doi.org/10.1134/S1062359021110054

Komepoe A.H., Baiincon A.A. PannalluoHHBIIA ropMe-
3UC U SIIUIEMUOJIOTUS KaHLIEporeHes3a: “BMecTe UM He
coiitucy” // Men. paguoJiordst U panmail. 6e3ornac-
HocTb. 2021. T 66. Ne 2. C. 36—52. [ Koterov A.N., Wain-
son A.A. Radiation hormesis and epidemiology of car-
cinogenesis: “Never the twain shall meet” // Medits.
Radiologiya Radiat. Bezopasnost (“Medical Radiology
and Radiation Safety”; Moscow). 2021. V. 66. Ne 2.
P. 36—52.] https://doi.org/. (In Russ. Engl. abstract.)

https://doi.org/10.12737/1024-6177-2021-66-2-36-52

Davey Smith G. Data dredging, bias, or confounding.
They can all get you into the BMJ and the Friday papers //
Brit. Med. J. 2002. V. 325. Ne 7378. P. 1437—1438.
https://doi.org/10.1136/bmj.325.7378.1437

ICRP Publication 103. The 2007 Recommendations of
the International Commission on Radiological Protec-
tion. Annals of the ICRP. Ed. by J. Valentin. Amster-
dam— New York: Elsevier, 2007. 329 p.

Bannik K., Rossler U., Faus-Kessler T. et al. Are mouse
lens epithelial cells more sensitive to y-irradiation than
lymphocytes? // Radiat. Environ. Biophys. 2013. V. 52.

PAAVUAITMOHHASA BUOJIOTUA. PAAMOBKOJIOI'UA

33.

34.

35.

36.

37.

38.

39.

40.

41.

Ne 2. P. 279-286.
https://doi.org/10.1007/s00411-012-0451-8

Markiewicz E., Barnard S., Haines J. et al. Nonlinear
ionizing radiationinduced changes in eye lens cell pro-
liferation, cyclin D1 expression and lens shape // Open
Biol. 2015. V. 5. Ne 4. Art. 150011. 14 p.
https://doi.org/10.1098 /rsob.150011

Komepoe A.H., Ywenkosa JI.H., buprokos A.Il., Ca-
moiinos A.C. Boripoc o HactyruieHuu “HoBoii apbl” B
SMUIIEMUOJIOTUM MaJIbIX 103 panuaiuu (o63op) // Ca-
paToBcKuWif Hayd.-Mexd. XypH. 2016. T. 12. No 4.
C. 654—662. [Koterov A.N., Ushenkova L.N., Biryu-
kov A.P., Samoilov A.S. The question of a “New Era in
the low Dose Radiation Epidemiology” approach (re-
view) // Saratovskiy nauchno-meditsinskiy zhurnal
(Saratov Journal of Medical Scientific Research). 2016.
V. 12. Ne 4. P. 654—662.] (In Russ. Engl. abstract.)

Upton A.C., Christenberry K.W., Furth J., Hurst G.S.,
Melville G.S. The relative biological effectiveness of
neutrons, X-rays, and gamma rays for the production of
lens opacities: observations on mice, rats, guinea-pigs,
and rabbits // Radiology. 1956. V. 67. Ne 5. P. 686—696.
https://doi.org/10.1148/67.5.686

Hlagupxkun A.B., Ipucopvese FO.I. MexnnaHeTHbIE U
opOuTaJIbHbIE KOCMUYECKHE MOoJIeThl. PagnalimoHHbIN
puCK s acTpoHaBTOB. Pagnobuosiornyeckoe oboc-
HoBaHue. M.: 3AO0 “Usn-Bo “DkonHomuka”, 2009.
640 c. [Shafirkin A.V., Grigoryev Y.G. Interplanetary
and Orbital Space Flights: the Radiation Risk to Astro-
nauts (Radiobiological Basis). Moscow: Publishing
house “Economica”, 2009. 639 p.] (In Russ. Engl. ab-
stract.)

Mockanes F0.H. OtnaneHHble MOCIENCTBUS BO3IEH-
CTBUSI MOHU3MPYIOIIUX U3IydeHuit. M.: MenuimHa,
1991. 464 c. [ Moskalev Yu.l. Long-term effects of expo-
sure to ionizing radiation. Moscow: Medicine, 1991.
464 p.] (In Russ.)

Apmonenxo C.I1., Baiincon A.A. Pamno6noaorus 4eao-
BeKa M XMBOTHBIX. M.: Bricmi. mkomna, 2004. 549 c.
| Yarmonenko S.P., Wainson A.A. Radiobiology of Hu-
mans and Animals. Moscow: Visshaya Shkola, 2004.
549 p.] (In Russ.)

Ipebentox A.H., Cmpenosa O.10., Jleceza B.U., Cmena-
noga E.H. OCHOBBI pamnoOMOIOTMN U pagualliOHHOK
MeauluHbl: YuebHoe nocobue. CI16.: OO0 “U3n-Bo
DOJIMAHT?”, 2012. 232 c. [ Grebenyuk A.N., Strelo-
va O.Yu., Legeza V.I., Stepanova E.N. Fundamentals of
Radiobiology and Rradiation Medicine: Textbook.
St. Petersburg: “FOLIANT Publishing House” LLC,
2012. 232 p.] (In Russ.)

Hall E.J., Giaccia A.J. Radiobiology for the Radiolo-
gists. 8th Ed. Philadelphia etc.: Wolter Kluwer, Lippin-
cott Williams & Wilkins, 2019. 1161 p.

Dalke C., Ne FE, Bains S.K., Bright S. et al. Lifetime
study in mice after acute low-dose ionizing radiation:
a multifactorial study with special focus on cataract
risk // Radiat. Environ. Biophys. 2018. V. 57. Ne 2.
P. 99—113.

https://doi.org/10.1007 /s00411-017-0728-z
Ne 4

TOM 63 2023



42.

43.

44.

45.

46.

47.

48.

49.

50.

S1.

52.

53.

KATAPAKTOTEHHBIE D®PEKTbI

Christenberry K.W., Furth J. Induction of cataracts in
mice by slow neutrons and X-rays // Proc. Soc. Exper.
Biol. & Med. 1951. V. 77. Ne 3. P.559—-560.
https://doi.org/10.3181/00379727-77-18849

Storer J.B., Harris P.S. Incidence of lens opacities in
mice exposed to X-rays and thermal neutrons // U.S.
Atomic Energy Commission (USAEC). Unclassified
Report LA-1455. Los Alamos Scientific Laboratory of
the University of California, 1952. 27 p.
https://www.osti.gov/servlets/purl /4377516
data 07.01.2023; only for non-Russia IP.)

Di Paola M., Bianchi M., Baarli J. Lens opacification in
mice exposed to 14-MeV neutrons // Radiat. Res. 1978.
V. 73. Ne 2. P. 340—350.
https://doi.org/10.2307/3574825

lepacumos B.U., Epmonsaesa-Makosckasn A.1l., Pamsa-
es I1.B. 3aBucuMocCTb n03a—3(ddeKT, OCHOBaHHAasI Ha
YacToTe BO3HUKHOBEHUS PaIUAllMOHHBIX KaTapakT //
Men. pannonorus. 1986. T. 31. Ne 4. C. 52—55. [Gera-
simov V1., Ermolaeva-Makovskaia A.P., Ramzaev P.V.
Dose-effect relationship based on frequency of occur-
rence of radiation cataracts // Medical Radiology;
Moscow. 1986. V. 31. Ne 4. P. 52—55.] (In Russ. Engl.
Abstr.)

Worgul B.V., Medvedovsky C., Huang Y. et al. Quantita-
tive assessment of the cataractogenic potential of very
low doses of neutrons // Radiat. Res. 1996. V. 145. Ne 3.
P. 343-349.

https://doi.org/10.2307/3578991

Worgul B.V., Smilenov L., Brenner D.J. et al. Atm hete-
rozygous mice are more sensitive to radiation-induced
cataracts than are their wild-type counterparts // Proc.
Natl. Acad. Sci. USA. 2002. V. 99. Ne 15. P. 9836—
9839.

https://doi.org/10.1073/pnas.162349699

Worgul B.V., Kleiman N.J., David J.D. A positive and
a negative bystander effect influences cataract outcome
in the irradiated lens // Invest. Ophthalmol. Vis. Sci.
2005a. V. 46. Ne 13. Suppl. P. 832.

Kleiman N.J. Radiation cataract // Ann. ICRP. 2012.
V. 41. Ne 3—4. P. 80—97.
https://doi.org/10.1016/j.icrp.2012.06.018

Worgul B.V., Smilenov L., Brenner D.J. et al. Mice hete-
rozygous for the ATM gene are more sensitive to both
X-ray and heavy ion exposure than are wildtypes //
Adv. Space Res. 2005b. V. 35. Ne 2. P. 254-259.
https://doi.org/10.1016/j.asr.2005.01.030

Kleiman N.J, David J., Elliston C.D. et al. Mrad9 and
atm haploinsufficiency enhance spontaneous and
X-ray-induced cataractogenesis in mice // Radiat. Res.
2007. V. 168. Ne 5. P. 567—573.
https://doi.org/10.1667/rr1122.1

Kleiman N.J., Smilenov L.B., Brenner D.J., Hall E.J.
Low dose radiation cataract // Presented at the
DOE/BER Low Dose Radiation Research Investiga-
tors Workshop VII, Washington, DC, January 21, 2008.
Kunze S., Cecil A., Prehn C. et al. Posterior subcapsular
cataracts are a late effect after acute exposure to 0.5 Gy

(address

PAJUALIMOHHASA BUOJIOTUA. PAAMOSKOJIOI'UA

54.

55.

56.

57.

58.

59.

60.

61.

62.

TOM 63

MAJIBIX 103 PAAUALINU 353
ionizing radiation in mice // Int. J. Radiat. Biol. 2021.
V.97. Ne 4. P. 529—540.
https://doi.org/10.1080/09553002.2021.1876951

Worgul B.V., Bito L.Z., Merriam G.R. Jr. Intraocular in-
flammation produced by X-irradiation of the rabbit
eye. Exp. Eye. Res. 1977. V. 25. Ne 1. P. 53—61.
https://doi.org/10.1016/0014-4835(77)90246-9

Worgul B.V., Kundiyev Y.1., Sergiyenko N.M. et al. Cata-
racts among Chernobyl clean-up workers: implications
regarding permissible eye exposure // Radiat. Res.
2007. V. 167. Ne 2. P. 233—243.
https://doi.org/10.1667/rr0298.1

Hammer G.P.,, Scheidemann-Wesp U., Samkange-Zeeb F.
et al. Occupational exposure to low doses of ionizing ra-
diation and cataract development: a systematic litera-
ture review and perspectives on future studies // Radiat.
Environ. Biophys.2013. V. 52. Ne 3. P. 303—319.
https://doi.org/10.1007 /s00411-013-0477-6

Shore R.E. Radiation and cataract risk: impact of recent
epidemiologic studies on ICRP judgments // Mutat.
Res. Rev. Mutat. Res. 2016. V. 770. Pt. B. P. 231-237.
https://doi.org/10.1016/j.mrrev.2016.06.006

McDonald J.E., Hughes W.E, Jr., Peiffer V.G. Beta radi-
ation cataracts // Arch. Ophth. 1955. V. 53. Ne 2.
P. 248-259.

https://doi.org/10.1001/ar-
chopht.1955.00930010250012

Schmid E., Schlegel D., Guldbakke S., Kapsch R.-P,
Regulla D. RBE of nearly monoenergetic neutrons at
energies of 36 keV-14.6 MeV for induction of dicentrics
in human lymphocytes // Radiat. Environ. Biophys.
2003. V. 42. Ne 2. P. 87-94.
https://doi.org/10.1007/s00411-003-0200-0

UNSCEAR 2017. Report to the General Assembly,
with Scientific Annexes. Annex B. Epidemiological
studies of cancer risk due to low-dose-rate radiation
from environmental sources. United Nations. New
York, 2018. P. 65—176.

International Atomic Energy Agency. Radiation pro-
tection and safety of radiation sources: International
basic safety standards.; Safety Standards. Series No GSR
Part 3. Vienna: IAEA, 2014. 437 p.

Komepose A.H. Kputepunm NpUIMHHOCTA B MEIUKO-
OUOJOTUYECKNX TUCIUTUIMHAX: UCTOPUSI, CYIITHOCTD 1
paavauoHHbIN acriekT. Coobienue 3. Yacts 1: [lep-
BBIE MSITh KpUTepUeB XUJLJIAa: UCTIOJIb30BaHUE U Orpa-
HuyeHust // Paauwau. Ouosorusi. Panuoskosnorusi.
2021. T. 61. Ne 3. C. 300—332. [ Koterov A. N. Causal cri-
teria in medical and biological disciplines: history, es-
sence and radiation aspect. Report 3, Part 1: first five
Hill’s criteria: use and limitations // Radiats. Biol. Ra-
dioecol. (“Radiation biology. Radioecology”, Mos-
cow). 2021. V. 61. Ne 3. P. 300—332.] https://doi.org/.
(In Russ. Engl. abstr.)
https://doi.org/10.31857/S0869803121030085

Ne 4 2023



354 KOTEPOB, YIIEHKOBA

Cataractogenic Effects of Low-Dose Radiation with Low LET: More not Than There.
Report 1. Statement of The Problem and Experiments on Animals
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Radiation disturbances in the lens are considered as the third most important effects of radiation, after mor-
tality from cancer and diseases of the circulatory system (ICRP-118). In terms of the problem of the effects of
low doses radiation with low LET (up to 100 mGy), interest in the dose relationship for the induction of dis-
turbances in the lens after irradiation increases in a linear progression, as evidenced, among other things, by
the chrono-dynamics of the increase in the number of relevant reviews by years shown here (since 2007; r =
0.650; p = 0.006). However, there is still no clarification of the question of the evidence of the effect of low
doses on the lens. This study, consisting of two reports, attempts to fill this gap. Since epidemiological asso-
ciations to confirm causality should, if possible, meet the criterion of “Biological plausibility”, this Report 1
reviewed the work considered in thematic publications on the cataractogenic effects of the lowest doses of ra-
diation with low LET in experiments in vitro and in animals. The extreme radiosensitivity of the lens cells,
exceeding even the parameters of lymphocytes in terms of induction of DNA double-strand breaks, is con-
firmed in a number of works (an increase in the level of breaks is shown even for a dose of 20 mGy). However,
when the dose regularities are transferred to the irradiation of mice and rats in vivo, the conclusions about the
effects of low doses are not confirmed. A sample of works over more than 70 years did not reveal such effects.
The three exceptions (not included in PubMed paper cited in a single source, a workshop presentation, and
an arbitrary textbook mention without citation) do not serve as valid scientific sources. The singularity of
these data does not fall under the criterion “Consistency of association”. The smallest threshold doses of ra-
diation for the induction of cataractogenic effects in mice are, according to studies as early as the 1950s,
~114 mGy and ~140 mGy for X-rays. The value of 150 mGy is also called (Shafirkin A.V., Grigoriev Yu.G.,
2009). However, one should adhere to the results of more recent studies, according to which, when exposed
to radiation in mice, a tendency to opacity in the lens can be observed for a dose of 0.2 Gy, with a statistically
significant fixation of the effect for a dose of only 0.4 Gy. Most sources in experiments on rodents report
threshold doses in units of gray, with a minimum of 0.5 Gy. Thus, the effects of low doses on the lens opacity
were not found in the experiment.

Key words: lens disorders, cataracts, low LET ionizing radiation, low doses, experiment, mice, rats
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