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ITPOTUBOJIYYEBBIE CPEJICTBA: KTACCUDPUKALIUA
N MEXAHWU3MbI

Llenb ctatbn — aHanu3 un 0606LEeHMe JAHHbIX IUTEPATYPbl OTHOCUTENbHO MEXaHM3MOB AEMCTBUA NMPOTUBOJYYEBbIX
CPeACTB. B 3aBUCUMOCTM OT LiENI€BOTO HA3HAYEHUA UX COBPEMEHHas KnaccubuKauua BKIOYAET PafiMonpoTeKTOpSl,
pagMoOMUTMraToOPbl U PAAMOMOAYNATOPbI. AKLEHTUPYETCA BHUMAHME HA TOM, YTO MHOTUE TPAAULMOHHbIE PAAUONPOTEK-
TOPbI U3-3a BbICOKOI TOKCUYHOCTU HEI(MEKTUBHBI B YCIOBUAX ATUTENLHOMO 06YYEHMUS C HU3KOI MOLLHOCTbIO 03,
B KayecTBe NepcnekTUBHbIX NPOMUIAKTUYECKUX CPEACTB PacCMaTPUBAIOT NYPUHOBLIE U CENIEHOOPraHNYecKue Coefm-
HeHuA. Anpo6aumio NpoTMBOYYEBLIX NPENapaToB, aKTUBM3NUPYIOLLMX PabOTy penapaLumnoHHbIX CUCTEM, Ha OCHOBE MO-
Aenu nuMGoLMTOB NeputepruyecKoil KpOBM YeN0BEKA M aHann3a abeppauuil XpoOMOCOoM, ABAAWMXCA GUoMapKepamu
PaiMaLNOHHOTO NOPAXEHMs OpraHM3Ma, PeKOMeHL0BaHO PaccMaTpuBaTh Kak IKCnepuMeHTanbHoe 060CHOBaHME UX
L|eNIeBOr0 Ha3HayeHus ANs NpefcTaBuTeNeil OTAeNbHbIX NMPUOPUTETHBIX TPYNN HAceNeHUs YKPauHbl C NOBbIWEHHbIM
PUCKOM Pa3BUTUSA ONyXoeil PaanaLnoHHOro reHesa.
KnioueBble c/I0Ba: pagnMonpoTeKTOPbI, MHO3MH, TUMANNH, TMMMOLUTLI KPOBM, abeppaium XpoMoOCoM.
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Anty-radiation means: classification and mechanisms

The objective of the article is to analyze and summarize the literature regarding the mechanisms of action of anti-
radiation agents. Depending on their purpose, the modern classification includes radioprotectors, radiomitigators
and radio modulators. Attention is drawn to the fact that many traditional radioprotectors, due to the high toxic-
ity, are ineffective under the conditions of prolonged radiological exposure with low dose rate. We look at the
purine and organoselenium connections as perspective preventative measures. We study the radioprotective drugs
that activate repair systems, based on the model of human peripheral blood lymphocytes and analysis of chromo-
some aberrations, which are biomarkers of radiation damage to the body. These drugs are recommended to be used
for the representatives of certain priority groups of the Ukrainian population that has an increased risk of radia-
tion-induced tumors.
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PesynLTaTH MHOTOYUCJIEHHBIX 3KCIIEPUMEHTATbHBIX
W 3MUAJEMUOJIOTAYECKUX UCCIEIOBAHUN YOEXKIa0T
B TOM, UTO BO3/I€IICTBUE MyTareHHBIX 1 KaHIIEPOT€HHBIX
(bakTOpPOB, B TOM 4YHUCJIEe, MOHU3UPYIOIIUX MU3TYyYECHUI
(M) Ha opraHu3M YesloBeKa B COBPEMEHHOM MUPE
npakTuiyecku HeusbexHo. ITouck s(p@eKTUBHBIX Be-
IIECTB, KOTOpbIe ObI CHIKAIM YPOBEHb paaualliOHHO-
WHAYLUMPOBAHHBIX TOBPEXIECHUI, Hadajacsa cBbiie 60
Jet Hazan (1951), korma ObUTO MPEIIOKEHO UCITOIb30-
BaTh B KaUeCTBE PaJMO3alIMTHOTO Tperapara mpu OCT-
poOM OOJIy4eHHH OpraHM3Ma LIMCTeaMUH U €TO JTUCYJIb-
¢un — umcramuH. B cepennHe MHpoIUIOro CTOJETUS
BUAHBIM paauoouonoroM H. B. JIlyaunukoM Obl10 0OHa-
pyxeHo, yto npernapatel PHK 3amuinaior odaydyeHHbIe
OpraHU3Mbl OT MHAYLIMPOBAHHBIX ITOBPEXICHUIN U yBe-
JIMYMBAIOT BBKMBAEMOCTh XKMBOTHBIX TIPY BBEAEHUN MX
Kak 10, TaK 1 IocJie O0JTydeHHUS.

[IpuBnedeHue ¢ LeIbl0 TMKBUIALIMY ITOCICACTBII aBa-
pnu Ha YepHOoOBITbCKOM ADC 3HAUNTENIHPHBIX KOHTHH-
TEeHTOB HaceJeHMSI, B OCHOBHOM PEINpPOIYKTUBHOIO BO3-
pacTa, MOABEPraroIIMXCsl MPOJOHITMPOBAaHHOMY U (paK-
LIMOHUPOBAHHOMY OOJIy4eHHUIO, CITOCOOCTBOBAIO aAKTH-
BU3allMM HAyYHOTO 1 IIPaKTUIECKOro MHTepeca K IMOUCKY
CpeACTB KOppeKUMN (MUHUMU3ALMN) paglalluOHHO-NH-
QyLUHMPOBaHHBIX HapyuieHuil. [ToaTomy 3aimra reHoma,
TKaHel, OpraHoOB ¥ OpraHru3Ma B 1IeJIOM JIU1I, TTOIBEePraio-
IIMXCS B CUIY Pa3IUUYHBIX OOCTOSITELCTB OOJYUYEHUIO,
OCTaeTCs OJHOM U3 aKTyaIbHbIX MPOOJIEM KIMHUYECKON
PanroOMOIOTUH U PAAMallMOHHON METULIMHBI.

Paznmuaior Xumu4yeckne CoenMHEeHNsI, KOTOPHIE CITO-
COOHBI YCUIUBATH Jy4eBOe MopaxkeHue (CeHCHUOMIM3a-
TOpBI), U PaguOIPOTEKTOPhI, BBOAMMbICE B OpPraHU3M
MPEUMYIIECTBEHHO 10 OOTyYEHUS TSI OCTA0JIeHUS TTOB-
pPeXIarolIero AeMcTBUSI MOHU3UPYIOIIUX U3TydeHUI [1].
HanHast knaccuduKamys HOCUT YCJIOBHBIM XapakTep,
MOCKOJIbBKY B 3aBUCUMOCTU OT YCJIOBUI BO3HACUCTBUS
MperapaThl MOTYT MPOSBIISITL Pa3IMYHbIC MOTUMDULINPY-
IOIIMe CBOIMCTBA, YTO CYIIECTBEHHO YCIIOXKHSIET aHAIU3
MX MHOTOKOMITOHEHTHOT'O IeHCTBUSI.

OnHoO¥i M3 OCHOBHBIX MUIIEHEH MOBpPEXIAroIIero
nevictBusi M Ha opraHusm 4yejoBeKka SIBJISIETCSI TEHOM
yesaoBeka. C mo3uumii MOIU(GUILIMPYIONIETO BIMSHUS Ha
WHAYLMPOBAHHBINM, B TOM YMCIIe pallallMOHHBIN, MyTa-
reHe3 XMMUYECKMe COeIMHEHUS MOXHO pa3fe/iuTh Ha
aHTUMYTareHbl 1 KO-MyTareHnl. B cBoto ouepenb, aHTH-
MYTareHbl, CHMKAIOIIWE YacTOTy MYTallWii, YCIOBHO
pas3nessioT Ha TPU TPYIIIbL:
> COEIMHEHMS, OJIOKUPYIOLLINE NEeCTBUE aBTOMYyTare-
HOB, BO3HMKAIOIINX B KJIETKaX B IIPOLIECCe METaOOJIM3-
Ma; HammpuMep, PepMEHT KaTajasa pa3pyllaeT IepeKuch
BOIOPOJa, 00JIaIAI0IIYI0 MyTareHHBIM JEHCTBUEM;

he results of numerous experimental and

epidemiological studies convince us that the
effects of mutagenic and carcinogenic factors,
including ionizing radiation (IR) on the human
body in the world of today are almost inevitable.
The search for effective substances that could
reduce the level of radiation-induced damage
has begun over 60 years ago when Bacq Z. et al.
(1951) proposed to use cysteamine and its disul-
phide — cystamine, and later — biogenic amines
as a radioprotective drug for acute irradiation of
the body. In the middle of the last century,
N.V. Luchnik found that the RNA preparations
protect irradiated organisms from the induced
damage and increase the survival of the animals
when administered both before and after irradi-
ation.

The call for significant amount of citizens, most-
ly of reproductive age, to eliminate the conse-
quences of the Chernobyl accident meant that
they were affected by the long-term and fractio-
nated irradiation. It has, therefore, contributed to
the scientific and practical interest in finding the
means of correction (minimization) of radiation-
induced damage. Thus, the protection of the
genome, tissues, organs and the whole body of
people exposed to the radiation for various rea-
sons, is one of the urgent problems of clinical
radiobiology and radiation medicine.

There is the distinction between the chemical
compounds that can enhance radiation damage
(sensitizers), and radioprotectors that are intro-
duced into the body mainly before the exposure to
minimize the damaging effects of ionizing radia-
tion [1]. This classification is conditional, because
depending on the environment, these drugs may
exhibit different modifying properties, which sig-
nificantly complicates the analysis of their multi-
component action.

Human genome is a primary target of detrimen-
tal impact of IR on human orgamism. From the
point of the modifying effect on induced, inclu-
ding radiation mutagenesis, chemical compounds
can be divided into antimutagens and co-muta-
gens. In turn, antimutagens that reduce the fre-
quency of mutations, are conventionally divided
into three groups:
> connections that block the action of automuta-
gens, which occur in the cells during metabolism,
for example, the enzyme catalase destroys hydro-
gen peroxide, that has mutagenic properties;
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> COCAMHEHMSI, OCIAOJISIONNe AeHCTBUE Pa3IMIHBIX
MYTareHoB, B TOM YMCJIC, MOHM3UPYIOIIEH pagualiud —
CyAb(GIUAPUIbHBIE COSAUHEHMSI, BOCCTAHOBUTEIN, HE-
KOTOpPBI€ CIIUPTHI, YIJIEKUCIIbIE COJIN;

> (bepMEHTBI, HEITOCPEICTBEHHO YUYaCcTBYIOIIME B perna-
paluy paavallMOHHO-MHIYIUPOBAHHBIX ITOBPEXICHUIA
T€HETUIECKUX CTPYKTYP.

Ko-MyTtareHbsl — coequHeHUsI, KOTOPbIe MOTYT CYIIe-
CTBEHHO MOIUGULIMPOBATh (ITOTEHIIUPOBATh) JCUCTBUE
MYTareHOB OKPYKaIOIIeii Cpeabl, B TOM YKCJIe, MOHU3M-
pytomeit pamnanuu [2]. CKpbITasg OMacHOCTh KO-MyTa-
TEHOB 3aKJII0YaeTCs B TOM, YTO, HE IPOSIBJISISI COOCTBEH-
HOIT MyTareHHOM aKTUBHOCTH, OHU HE BBISIBIISTFOTCS TIPU
T€HOTOKCHYECKOM CKpUHUHTE.

B ycnoBusIx panrosKoa0rn4eckoro Kpu3rca B IocTIep-
HOOBITECKUI TIeproA, 0c000e BHUMaHKE YIEsIeTCs TTOMC-
KY CPEICTB 3allMThI YeJOBeKa OT XPOHUYECKOTO BO3/IEH-
CTBUS M3TYYeHUI HU3KOM MHTEHCUBHOCTH. Hampumep,
JIeiicTBre 3((GEKTUBHBIX WHIOMWIANIKIIAMUHOB (B TOM
yucje, CepOTOHMHA) CPaBHUTEIbHO KPAaTKOBPEMEHHOE
(okojo 20—30 muH). Hanbosnee BbicoKast akTUBHOCTb MH-
TOJIJIATKWIAMIHOB OTMEYaeTCsl IIPU UCTIOJIb30BaHUN MX
B OTHOCHUTEJIbHO HEOOJIbILIMX J03aX. Panuo3aluTHbI Me-
XaHU3M 3TUX IPOTEKTOPOB 3aKJII0YAETCSI B COCYIOCYKM-
BarolIeM JeHCTBUN 1 pa3BUTUM Ha 3TOM OCHOBE TMITOKCH -
YECKOTO COCTOSTHUSI palriOYyBCTBUTEILHBIX TKaHei. B yc-
JIOBUSIX THITOKCUH 3aMEUISIETCSI MEeTa0O0IM3M U OCYIIleC-
TBJISIETCSI 3alllUTa TKaHeH 0 MeXaHWU3MY KUCJIOPOIHOIO
addekra. UnnoMerodeH — a3h(peKTUBHBIN HHIYKTOP OU-
ocuHTe3a 6enkoB 1 JIHK, KoTtopslit ociadasier nocTpaau-
alMOHHOEe MHIMOUpoBaHue ouocuHTe3a oenkoB u JHK,
CITOCOOCTBYET OBLICTPOMY BOCCTAHOBJIEHUIO CKOPOCTH O~
OCHMHTETUYECKHX ITPOLIECCOB, 00eCTIeUnBast ONITUMAaJIbHBIC
YCIIOBUS IUISI Pa3BUTHS KOMIIEHCATOPHO-BOCCTAHOBU-
TeJIbHOUM peakuuu opraHusma. [loBbliasi OMOCUHTETU-
YeCKUid MOTeHLMaJl KJIETOK, IIperapaT IOJ0XUTEIbHO
BIIMSICT HA UMMYHHBIE peakilMd OpraHu3Ma B YCJIOBHSIX
00JTydeHH s U TIPOSIBIISIET PaIMO3allUTHBIE CBOWCTBA B Te-
YeHME IJIATEIbHOTO BpeMeHH. IlpemapaT mpakTUdecKu
MOJIHOCTBIO BBIBOAMUTCS M3 OpraHM3Ma 4epe3 JBOE CYTOK
rocJie MOCTYIJICHUsI, a Paauo3alluTHBIN 3 deKT coxpa-
HSIETCSI IO IBYX Hezellb. DTO CBUAETEIBCTBYET O TOM, UYTO
nHAoMeToheH sBiseTcs 3(PPEKTUBHBIM CPEACTBOM IT0O-
BBILLIEHMST OOIE Pe3rCTEHTHOCTH opraHusma. MHapa-
JIMH — paJguoOIpPOTEKTOP 3KCTPEHHOTO JCHCTBUS, TIpE-
Ha3HAUYEHHBIN MJIST 3allUThl IIepCOHAa OT BO3ICHCTBUS
BBICOKOMHTEHCHBHOTO MOHU3UPYIOIIETO U3Iy4YeHUS TIpU
panvallMOHHBIX MHIMAEGHTaX. MeXaHu3M €ro paauosa-
IIMTHOTO JEHCTBUSI CBSI3aH C Pa3BUTUEM OCTPOI TMIIOK-
CHM B pairOYyBCTBUTEILHBIX TKaHsX. [1permapaT obaama-
€T BaXKHBIM B 3KCTPEMaJIbHBIX aBAPMITHBIX CUTYaIIUSIX Ka-

> connections that weaken the effects of different
mutagens, including ionizing radiation — sulf-
hydryl compounds, reducing agents, some alco-
hols and carbonates;

> the enzymes directly involved in the repair
pathways of radiation-induced damage of genetic
structures.

Co-mutagens are the compounds that can signif-
icantly modify (potentiate) the effect of the envi-
ronmental mutagens, including ionizing radiation
[2]. The hidden danger of co-mutagens is that
without showing the mutagenic activity of their
own, they are not identified during the genotoxic
screening.

Taking into account the radio-ecological crisis
in the post-Chornobyl period, it is important to
focus on the search for ways to protect people
from chronic exposure to low-intensity radiation.
For example, the action of effective indolylalky-
lamines (including serotonin) is relatively short
(20—30 minutes). The highest activity of indoly-
lalkylamines is observed when it is used in rela-
tively small doses. Radioprotective mechanism of
these protectors consists in vasoconstrictor activi-
ty and on this basis,the development of the hypox-
ic condition of radiosensitive tissues. During the
hypoxic conditions the metabolism slows down
and tissues are protected by the mechanism of the
oxygen effect. Indometofen — a potent inducer of
the biosynthesis of proteins and DNA, which
reduces the post-radiation inhibition of the
biosynthesis of proteins and DNA. It promotes a
rapid recovery rate of biosynthetic processes, pro-
viding optimal conditions for the development of
compensatory-recreational reaction of the organ-
ism. By boosting the biosynthetic potential of
cells, the drug has a positive effect on the immune
response of the body to the radiation and exhibits
radioprotective properties for a long time. The
drug is almost completely eliminated from the
body two days after receipt, and radioprotective
effect lasts up to two weeks. This indicates that
indometofen is an effective means to improve the
overall resistance of the organism. Indralin, a
radioprotector with emergency action, is designed
to protect workers from exposure to high-intensi-
ty ionizing radiation during radiation incidents.
Its mechanism of radioprotective effect is associ-
ated with the development of acute hypoxia in
radiosensitive tissues. The drug possesses a quality
that is important in extreme emergencies — form-
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4yecTBOM — (hOPMUPOBAHUEM PaIMO3aLLIUTHOIO 3hdeKTa
MPUMEPHO Yepe3 5 MUH IOCJIe ero MepopaibHOTO Mpuema.

OCHOBHBIMM MeXaHU3MaM¥1 (hOPMUPOBAHUS PATNOIT-
POTEKTOPHBIX 3(P(PEKTOB SBISAIOTCS IOJABJICHUE IPO-
116CCOB CBOOOTHOPAANKATBLHOTO OKMCAECHUS U CTUMYJIS -
LIS TTIOCTITY9E€BOTO BOCCTAHOBIEHUS [3—6].

OgHako MHOTHME TpagWLIMOHHBIE PagrONpPOTEKTOPHI
M3-3a BBICOKOW TOKCUYHOCTHU OKa3aluch Hea(HEeKTUB-
HbI B YCIOBUSIX IJTUTEILHOTO O0Jy4eHMS ¢ HU3KOM MOIII -
HOCTBIO 103bI [7—9]. B Takoii cutyaluuu ueaecoodpasHo
HCIIOJIb30BaTh aallTOreHbI, IIOBBIIIAIONINE OOIIYIO HeC-
neurdUIEcKy0 YCTOMUMBOCTh U CTUMYJIUPYIOIIME 3a-
IIUTHBIC, AaHTUOKWCIMUTEbHBIE PE3epPBhI OpraHMU3Ma.
DTO OMOJIOTUYECKH aKTUBHbBIC BEILIECTBA, CTUMYJISITOPBI
KPOBETBOPEHUSI, SCTPOTEHbI, UMMYHOMOIYJIITOPHI 1 1Ip.

CorjlacHO BpEeMEHHOMY KPMUTEPHUIO MCII0JIb30BaHUS
MPOTUBOJIYYEBBIX MEIMKAMEHTO3HBIX CPEACTB UX IOJI-
paznessiioT Ha ABe OOJbIIue TPYIINbI: Mpernaparthbl, BBO-
IUMBIEe TIPOMPUITAKTUYSCKH IO OOJIyIeHUS U C JIe4eOHO-
BOCCTAaHOBUTEJILHOM 1ieNbl0 — Tociae oomydyeHus [10].
ITepBas rpynmna (mpoguiakTuyecKre cpecTBa) moapas-
IIeJISIeTCsT Ha IBE TTOATPYIIIIHL:
> paIuOIpPOTEKTOPHI, KOTOPBIE BBOMSTCS 32 KOPOTKUI
CPOK 10 OO0Jy4YeHMs], NEHCTBYIOT KPaTKOBPEMEHHO U
MPEeUMYIIECTBEHHO Ha paguallMOHHO-XMMHWUYECKOM cTa-
IUY mpolecca (MHAPaJIuH, IUCTAMUH, aMU(MOCTUH);
> pPamruoMOIN(MUKATOPhI (CTUMYISITOPLI Paglope3nCcTe-
HTHOCTH, YCKOPSIIOIIE BOCCTAHOBUTEIbHBIE IPOLIECCHI);
3 heKTUBHBI MPU BBEIEHUU 32 HECKOJIBKO YaCOB-CYTOK
110 06srydeHust. OHU AEHCTBYIOT B TeUEHUE 00JIee ITUTEIb-
HOTO BPEMEHU, YeM PaauOIIPOTEKTOPHI, YTO OOYCIOBIIU-
BaeT BO3MOXXHOCTb MX IIPUMEHEHUSI ITPY MPOJOHTHPOBaH-
HOM O0JTy4eHUH ¢ HU3KOM MOIIIHOCTHIO 103b1. [Ipenaparbt
JAHHOTO Ha3HAYEHMSI B HACTOSIIES BPeMsI HAXOMSITCS Ha
CTaIUM SKCIIEPMMEHTAJIbHON pa3pabOTKM, M3 KOTOPBIX
OoJiee TIepCIeKTUBHBIMU TPEICTABIISIIOTCS OeTaleiKH 1
CBL502 (nepuBat MukpoOHoro ¢JareyinHa) [5, 11—13].

B 3aBucHMMOCTH OT 1LI€JIEBOrO Ha3HAUYEHMSI IIPOTUBOITyYE-
BBIX ITpeTapaToB K HUM MPEIbSIBIISIOTCS pa3InIHbIe TPeOOo-
BaHUs, YYUTHIBaIOIe 3(PMEKTUBHOCTD, MPOIOJIKUTEIb-
HOCTb 3allIUTHOTO JEMCTBUSI, TOKCUUYHOCTb M TIEPEHOCH-
MOCTb ITPY OMTHOKPATHOM 1 IIOBTOPHOM ITIPYMEHEHUH, BO3-
MOXKHOCTb MCIOJIb30BaHUsI pu BosaeiicTBun MU paznuy-
HOT'O KauecTBa B IIMPOKOM AMaIia3oHe 103, yCTOMYMBOCTh
npu xpaHeHuu. Ha aToii ocHOBe pa3paboTaHa U Mpeaio-
JKeHa HOBasI KilacCUMUKAIIsI IIPOTUBOJIYIEBBIX CPEIICTB C
“MopepHuM3aliell COOTBETCTBYIOIIEH TEPMUHOJOTMU U
nuddepeHaleit OCHOBHBIX Ae(UHULIMI 10 MEXaHU3-
My peaJiM3aliui TPOTUBOJYYEBBIX MperapaToB” [14]:
> paduonpomexmopul (chemical protections) — TPOTUBO-
JlydeBbIE€ TIpenapaTrbl, OCYLIECTBISIOIINE 3alIUTHOE

ing radioprotective effect in about 5 min after its
oral administration.

The main mechanisms for the formation of
radioprotective effects are the suppression of free
radical oxidation and the stimulation of post-radi-
ation recovery [3—6].

However, due to the high toxicity, many tradi-
tional radioprotectors have proved to be ineffective
under the conditions of prolonged exposure to low
dose rate [7—9]. In such situation it is advisable to
use adaptogens that increase the overall non-spe-
cific resistance and stimulate the protective,
antioxidant reserves. This includes the biologically
active substances, stimulants of hematopoiesis,
estrogens and immunomodulators etc.

According to the interim criteria for the use of
antiradiation medication, they are divided into
two major groups: drugs that are administered as a
prevention prior to exposure, and those with the
rehabilitative purpose — after irradiation [10]. The
first group (preventative drugs) is divided into two
subgroups:
> radioprotectors that are introduced a short time
before the irradiation, act briefly and mainly dur-
ing the step of radiation-chemical process
(indralin, cystamine, amifostine);
> radiomodifiers (radioresistance stimulants
that speed up recovery processes); they are
effective when administered within a few hours
or days before the irradiation. They operate for a
longer time than radioprotectors, which makes
possible their use with prolonged irradiation of
low dose rate. Drugs of this class are now at the
stage of research and experimental develop-
ment, of which more promising are Betaleukin
and CBL502 (a derivative of microbial flagellin)
[5, 11—-13].

Depending on the purpose of radioprotective
drugs, they fall under various requirements, taking
into account the effectiveness, the duration of the
protective effect, their toxicity and tolerability
under a single and repeated use, the ability to use
them under the effects of radiation of different qual-
ity over a wide dosage range, and the storage stabil-
ity. On this basis, we have developed and proposed a
new classification of radioprotective drugs with the
“modernization of the relevant terminology and
differentiation of key definitions of the implemen-
tation’s mechanism of radioprotective agents” [14]:
> radioprotectors (chemical protections) — antira-
diation drugs, that carry a protective effect on the
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JIeiicTBre Ha (PU3NKO-XMMHIECKOM M OMOXMMUYECKOM
YPOBHE, MPEISITCTBYS pealu3aluu “KUCIOPOIHOIro 3(-
dexTa” Kak pagmoOMoNIOTMYeCcKOro (peHOMeHa B ITIpO-
ecce noromieHus aHeprun MU nipu pagunonuze JHK.
BpeMst peanuzanuy OeiicTBUAS pagruoIIPOTEKTOPOB HAC-
TyHaeT ¢ MOMEHTA ITOCTYILJICHHS BEeIIeCTBA B TKAHU U OT-
panndyeHo 1—3 4, 4TO oImpenenseTcs OOJBIION CKO-
pocThio MX MeTabosu3Mma B opraHusMme. [Ipenmyiect-
BOM paJHOIIPOTEKTOPOB SBJISIETCSI X CITIOCOOHOCTD B Te-
YeHNEe HECKOJBbKMX MUHYT IOBBIIIATH PagruOyCTONIM-
BOCTb OpraHM3Ma, B TOM uucie, npu Bo3aeiicrsuu MU B
cBepxcMepTeNbHBIX 1o3ax (10—15 Ip). JanHoe nmpenmy-
IIECTBO XapaKTePHO TOJILKO IJISI IPOTUBOJIYYEBBIX TIpe-
napaToB 3TOM Ki1acCU(PUKALIMOHHON IPYIIbI;

> paduomumueamopsl (radiomitigators) — IPOTUBOJIYYE-
BbIE Tperaparbl, KOTOPbIE peau3yioT cBOi 3(¢eKT Ha
CHCTEMHOM YPOBHE “IIyTeM YCKOPEHMUSI ITOCTPaIralliOH -
HOTO BOCCTAaHOBJICHUSI paalOYyBCTBUTEIbHBIX TKaHEI
yepe3 aKTHUBAILMIO psiia MPOTUBOBOCIIAIUTEIBHBIX CUT-
HaJIbHBIX ITyTe U YCUJIEHUE CEKPeLMU I'eMOIT0O3TUYEeC-
KHX POCTOBBIX (DaKTOPOB, IPUMEHSIEMBIE B paHHKE CPO-
KU TI0CJIe O0JIydeHNs 10 pa3BUTHUS KIIMHUIYECKUX IIPOSIB-
JICHUI OCTPOTO JIy4eBOTO mopaxkeHus...” [14]. Dtn mipe-
napaTtbl MO MEXaHW3MYy pealu3alluyd IPOTUBOIYYEBbIX
CBOICTB OTJIMYAlOTCs OT 3((HEKTOB PaIuopOTEKTOPOB,
TIOCKOJIbKY HE CBSI3aHBI HEIIOCPEACTBEHHO C IEPBUYHbI-
MU pagyallMOHHO-XMMMYECKUMU U OMOXMMHNYECKUMU
npoleccaM B KjeTkaX. ONTUMaJIbHBIA MPOTUBOIyYE-
BOi1 3(p(PeKT oT™MeUaeTcs IIpy MX IIPUMEHEHUN B TIEPUO
OT HECKOJIbKMX YacOB 10 4 CYTOK 0 OOJIy4eHUsI B 103aX,
BBI3BIBAIOIINX KOCTHOMO3TOBOI CMHIPOM OCTPOM JTyde-
Boii Oone3Hu. Hamboubinasg akTUBHOCTH IIperapaToB
JAHHOU TPYIIIThI MIPOSIBIISIETCS ITPAKTUYECKN TOJIBKO IPU
JIy4eBOM ITOpakeHMU KPOBETBOPHOI crcTeMEbl. K pamno-
MUTHUTATOpaM OTHOCSIT TOPMOHAJIbHBIE IIpeIapaThl CTe-
POMIHOM CTPYKTYPHI U MX HECTEPOUIHbIE aHAJIOTU; alb-
FOBAaHTBI UMMYHOJIOTMYECKUX peaKInii (BaKILIMHbBI, SHIO-
TOKCUHBI, IIOJIMCaXapuabl, ITOJMHYKJICOTUIBI U T. 1.);
IUTOKUHBI ((PaKTOp HEKpO3a OMyXOJieil, pOCTOBBIE (paK-
TOpPBI, MUHTEPPEPOHBI U OpP.); UMMYHOPETYISITOPHBIS
NenTuabl (HarpuMmep, TUMaJMH, THUMOTEH, TAaKTHUBHH,
TUMOMNTHUH U Ap.). MexaHU3M MPOTUBOIYYEBOr0 3 heK-
Ta TEePEeYNCIEHHBIX COSAMHEHUI CBSI3aH C MX CIIOCO0-
HOCTBIO YCKOPSITH MPOLIECCHl TTOCTpaIuallMOHHOMN pere-
Hepaluu KJIETOK KpOBETBOPHOU cuctemsl [15—17];

> paduomodyasmopet (radiomodulators, “biological protec-
tion”) — NeKapCcTBEHHBIC CPENICTBA W TIMIIEBBIC TOOABKH,
TOBBIIIAIOIIME PE3UCTEHTHOCTh OpraHM3Ma K BO3AeH-
CTBUIO HeOJIarONpPUSITHBIX (DAKTOPOB OKPY>KAIOIIEH Cpebl,
BKJtouast T [18]. DTo MHOrouMcaeHHas rpymnna npupoa-
HBIX COeIMHEHUI, 00J1aIal0IINX aHTUOKCUIAHTHBIMU, aH-

physico-chemical and biochemical level, pre-
venting the implementation of the “oxygen
effect” as radiobiological phenomenon in the
process of absorption of energy IR in the radioly-
sis of DNA. The time of realisation of radiopro-
tective actions occurs upon receipt of substance
into the tissue and is limited to 1—3 hours as
determined by high rate of metabolism in the
body. The advantage of radioprotectors is their
ability to increase radioresistance of the organism
momentarily, including the effects of IR in super-
lethal doses (10—15 Gy). This advantage belongs
only to the radioprotective drugs in this classifi-
cation group;

> radiomitigators — antiradiation drugs that
implement their effect on the system level “by
accelerating post-radiation recovery of radiosen-
sitive tissues through the activation of a number of
antiinflammatory signaling pathways and increase
in secretion of hematopoietic growth factors,
which are used from the early period after expo-
sure until the development of clinical manifesta-
tions of acute radiation injury ... “ [14].These
drugs are different from radioprotectors by the
mechanism of radioprotective properties, because
they do not relate directly to the primary radia-
tion-chemical and biochemical processes in cells.
The optimal radioprotective effect is observed
when they are used in a period of a few hours up
to 4 days prior to irradiation at doses that cause
bone-marrow syndrome of acute radiation sick-
ness. The biggest activity of the drugs of this group
appears almost exclusively during radiation injury
of the hematopoietic system. Radiomitigators
include steroid hormones and their non-steroidal
structure analogues; adjuvants of immunological
responses (vaccine, endotoxins, polysaccharides,
polynucleotides, etc.); cytokines (tumor necrosis
factor, growth factors, interferons, etc.); immu-
noregulatory peptides (timalin, thymogen, tak-
tivin, timoptin et al.). The mechanism of radio-
protective effect of these compounds is related to
their ability to accelerate the processes of post-
radiation cell regeneration of the cells of hema-
topoietic system [15—17];

> radiomodulators (“biological protection”) — are
pharmaceutic substances and food additives,
which increase the body’s resistance to adverse
environmental factors, including IR [18]. Thisis a
large group of natural compounds with antioxi-
dant, antimutagenic, and anti-inflammatory prop-
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TUMYyTareHHLIMH, ITPOTUBOBOCITAIMTEILHBIMI CBOMCTBA-
mu [19]. [Ins MexaHU3Ma MX AEUCTBUS XapaKTepHO MOBbI-
IIeHue odIIei (Hecremn@UIecKoit) pe3uCTeHTHOCTA Op-
raHM3Ma CO CHIDKeHMEeM KaHlieporeHHoro pucka [20]. K
PATMOMOIYJISITOPAM OTHOCSIT ITPUPOIHBIC aHTUOKCUIIAHTHI
¥ BaxKHEUIIIMEe KOMITIOHEHTHI aHTUOKCUIAHTHOM CHCTEMBbI
kyeTok (ButamMuubl C, E; A, 6rnopiaBoHOMIB, MUKPO3JIe-
MEHTBI 1 JIp.), IIPUPOAHBIE CTUMYJISITOPHI CUHTE3a OeJika 1
HYKJIEMHOBBIX KMCJIOT (HYKJICO3UIbl, WHO3UH), aMUHO-
KHUCJIOTHI, IUIIEBbIe 100ABKU B BUIEC OETKOBBIX TUIPOIIH-
3aTOB, aHTUTUITOKCAHTHI (METaTOHWH, MEKCUAON W ZIp.).
PanuomonynsTopbl MaJOTOKCUYHBI M B PEKOMEHTYeMbIX
J03aX HE MMEIOT MoO0OYHBIX 3(dheKToB. [IpoTrBOIYUYEBOE
JIEHCTBIE 3TUX IIPEIapaToB CBSI3aHO HEIIOCPEICTBEHHO C
aIaNTUBHBIMU PEaKLIMSIMM Ha KJIETOYHOM 1 OpPTraHU3MEH-
HOM YPOBHSIX ITyTeM MOIYJISILIMU TeHHOM 3Kcrpeccuu [ 14].
JleiicTBME PaauoOMOIY/ISITOPOB PacCMaTpHBaIOT TakKxKe IO
“ropMeTryeckoMy MexaHusmy” [21]:

> JICKapCTBEHHBIE CPEACTBA ISl 3alUTHI OT MHKOPIIO-
palMy B OpraHM3M 4YeJIOBeKa TEXHOT€HHBIX pallMOHYK-
JIUIOB. DTO, MO CYTU, MpoduIakTUKa (KyImrpOBaHUE)
MEePBUYHON peakuy Ha oOjiydeHue (IIPOTUBOPBOTHHIC
¥ IPOTUBOAMAPEITHBIC IIPEIIapaThl 1 Ap.);

> CpeICTBa 3alllThl OT BHYTPEHHEIO OOJIYYEHMS IS
CeJIeKTMBHOI amcopOuuu paauoHykKauaoB. Hampumep,
IJISI COPOLIMY pagroLIe3Usl Y PaguOCTPOHIIMS UCIIONIB3Y-
IOT IIPUPOIHBIE Y CUHTETUYECKIE NOHOOOMEHHBIE COP-
OeHTHI [22].

OTCyTCTBME  YHMBEPCAJIbHBIX  IIPOTHUBOJYYEBBIX
CpeACTB, 00SCIIEUNBAIOIINX 3aIIUTY OT HETaTUBHBIX (-
(bekTOB 00TYYEHMS B IIMPOKOM AMaa30He 103, 10 MHE-
HUIO psifa uccleaoBaresieii, oOyCIOBAEHO pa3indrueM
BEIYIINX MOJEKYJISIPHBIX MEXaHU3MOB (hOPMUPOBAHUSI
3 dEKTOB Npy ACUCTBUU U3ITYYEHUI B MalbIX U 0OJIb-
mux go3ax [23]. Ecau B cucTeMe 3alInTh OpraHn3Ma OT
OCTPOT0 00JIyYeHMSI B CyOJIeTAIbHBIX U JIETaJIbHBIX 033X
OCHOBHOE€ BHUMaHME YIEJISIeTCS CHHTETUUYECKUM COCIM -
HeHusMm [11, 24] u uuToKrHaM [25], TO Mpu O00IyYeHUHN
B MaJIbIX [103aX IIPEAINIOYTEHHE OTHaeTCsl IperapaTaM
npupoaHoro TpoucxoxaeHus [11]. Bkimag aHTHOKCH-
JAHTOB B 00OecreueHNE pagiope3CTEHTHOCTH OPraHm3-
Ma 3aBUCUT OT TSKECTH JiyyeBoro mopaxeHus u JITID
n3nydeHuii. CUHTeTMYeCKrMe aHTUOKCHIAHTHI OoJjiee
3¢ hEeKTUBHBI KaK pailoNpoTeKTOPHI IIPU 103aX, BbI3bI-
BaIOIIMX KOCTHOMO3IOBOM CUHAPOM, a TakKxKe IpU yBe-
nuuenuu JITID [23, 26]. Tak kak GOJBbIIMHCTBO PaaUAOII-
POTEKTOPOB CUHTETUYECKOTO ITPOMUCXOXKIESHNS BICOKO-
TOKCHUYHBI, TO 1IeJiecooOpa3Hee UCIO0JIb30BaTh B KaUeCT-
BE IPOTEKTOPOB MPUPOIHBIE COCIUMHEHUS JIN0O CHHTE-
3MpOBaHHBIC HA OCHOBE IIPUPOTHOTO CHIPhS, YTO MEHEe
TOKCUYHO JIJIST opraHu3Ma uejioBeka [23, 27, 28].

erties [19]. The mechanism of their action is char-
acterized by an increase in general (nonspecific)
resistance of the organism with a decrease in can-
cer risk [20]. Radiomodulators include natural
antioxidants and essential components of the cells’
antioxidant system (Vitamins C, E and A, bio-
flavonoids, microelements etc.), natural stimu-
lants of protein synthesis and nucleic acid (nucle-
osides, inosine), amino acids, food supplements in
the form of protein hydrolysates antihypoxants
(melatonin, mexidol, etc.). Radiomodulators have
a low toxicity and at recommended doses do not
have side effects. Radioprotective effect of these
drugs is associated directly with adaptive responses
at the cellular and organism levels by modulating
gene expression [14]. The action of radiomodula-
tors is also considered using “hormetic mecha-
nism” [21]:
> drugs to protect against the incorporation of
technogenic radionuclides in the human body.
This is, in fact, a prevention (relief) of primary
reaction to the irradiation (anti-vomit and anti-
diarrheal medications and others);
> substances to protection against the internal
radiation to selective adsorption of radionuclides.
For example, the natural and synthetic ion-
exchange sorbents are used for the sorption of
radioactive cesium and radiostrontium [22].
According to some researchers, the lack of
universal radioprotective substances that pro-
tect against the negative effects of radiation over
a wide dose range is due to the difference of
leading molecular mechanisms of the effects’
formation under the action of radiation in small
and large doses [23]. Whereas the system of
defense against acute irradiation to sublethal
and lethal doses focuses on the synthetic com-
pounds [11, 24] and cytokines [25], then under
the low dose irradiation the drugs of natural ori-
gin are preferred [11]. The contribution of
antioxidants in the maintenance of the orga-
nism’s radioresistance depends on the severity of
radiation injury and LET radiation. Synthetic
antioxidants are more effective as radioprotec-
tors at doses that cause medullary syndrome, as
well as with increase in LET [23, 26]. Since
most synthetic radioprotectors are highly toxic,
it is advisable to use the natural or synthetic
compounds based on natural raw materials as
protectors, which are less toxic to the human
body [23, 27, 28].
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B mocnenHee BpeMst BO3pOC MCCIEAOBATEIbCKUI MH-
Tepec paaroOMOJIOrOB K IIPOTUBOJYYECBOMY ICHCTBUIO
LUTOKMHOB, KOTOPbIE PETYJIUPYIOT POCT, AuddepeHLn-
POBKY, (PYHKIIMOHAJIbHYIO aKTUBHOCTb U paariope3ncTe-
HTHOCTbH KJIETOK [29]. 3amuTHOE neicTBUE IMTOKUHOB
OIIpeAeIsICTCS. UX TeMO- M1 UMMYHOCTUMYJIMPYIOIIEH ak-
TUBHOCTBIO, a TaKXe CIIOCOOHOCTHIO MOBHIIIATH 3HO-
TeHHBbII (POH paaruoOpPEe3UCTEeHTHOCTH, YCUIMBATh IIPOTH-
BoomyxoJjeBble 0TBeThl opraHusma [30]. K HuM oTHOCST
MHTEPJICUKNHBI, KOTOpPbIEe CIIOCOOHBI ITOOACPKUBATH
BBICOKYIO PaAMOPE3UCTEHTHOCTh OpraHn3Ma JejioBeKa B
TeYeHUe JUINTEeIbHOIO Mepuoa.

IlepcrieKTUBHBIMU CpeACTBaMM MPOGWIAKTUKHA JIyde-
BBIX TTOpaXKEHUI IMPU3HAHBI OpTaHMYECKIE COSTMHEHUS
cejieHa (HaAIpUMep, CEJECHOTeTPallMCTeNH), M3-3a Ma-
noit TokenyHocTu [30, 31]. AHTUOKCHMIAHTHBINA Mexa-
HU3M HUX OCUCTBUS XapaKTepeH IsT (DOpMUpPOBAHUSI
Bcex OuoJiornuyeckux 3(P@eKToB ceeHa U OCyIEeCTBIIsI-
eTcd cejaeHocoaepxkammMu oenkamu [32, 33]. B akcme-
PUMEHTAIBHBIX MCCIEIOBAaHUSIX YCTAaHOBJIEHO, YTO pa-
nro3amnuTHass 3G GEeKTUBHOCTh CEJICHOOPTaHUYECKUX
COCAMHEHMI 3aBUCHUT OT CTEIICHW OKWUCJICHUs CeJIeHA.
OnTUManabHBI CPOK MPO(PUIAKTUUECKOTO BBEICHUS
[IPEnaparoB CO CTENEHbI0 OKucaeHusa Se* cocrasiser
cyTkH, a Se™? — 1 yac [31]. Pe3yabraThl 31U MUOIOTH -
YeCKMX MCCIIeJOBaHMUI ITOKa3ajnd, YTO B CeleHomedu-
LIMTHBIX perMOHAaX 9acTOTa OHKOJIOTMYECKMX 3a00JeBa-
HUI CyIlIeCTBEHHO BhbIIIe. Bemercs: mouck v armpooarius
CeJICHOCOIEpKAIINX COeIMHEHUI C ITPOTUBOOITYXOJIC-
BOW aKTMBHOCTBIO B HETOKCHYecKux ao3ax [30, 33].

JleiicTBMe MPOTUBOJIYYEBbIX IIperapaToB MO CBOEH Hall-
PaBJICHHOCTH SIBJISIETCSI KOHKYPEHTHBIM T10 OTHOIIEHUIO K
¢opmupoBaHuIO paguoduoiornyeckoro aggekra. OTcro-
Jla MTHTETPaJIbHBIM MOKa3areneM 3(PGEeKTUBHOCTH IIpUMe-
HEHUS PaaOIIPOTEKTOPOB SIBISIETCS (PAKTOP YMEHBIIICHYSI
noryomieHHoM 103bl (PY]]), KOTOPBI MOKAa3bIBaeT, BO
CKOJIBKO pa3 M3MEHSIETCS 3HaueHHe paBHOA(M(MEKTUBHBIX
o3 obinyueHnst. HekoTtopoe yBenmueHue 3HaueHuss Y]
JTOCTUTAIOT MyTeM IPUMEHEHHUsI CMECH M3 JIBYX WJIA Hec-
KOJIBKMX PaarOIPOTEKTOPOB € Pa3IMYHBIMU MeXaHU3Ma-
MM 3a1uTHOro aeiictBust. [1pyn ncnonb3oBaHnM HanboJsIee
3¢pGEeKTUBHBIX pagronpoTeKTopoB OY]I MoXKeT JOCTUTATh
3HavyeHmit 1,8—2,0. JlanHbIi moKa3aTeb Hanbdosee nH(op-
MaTUBEH I CPABHUTEIBHON KOJUYECTBEHHOW OLIEHKU
MPOTUBOJIYYEBOTO ITOTEHIIMAIA PA3IMYHbBIX ITPEIapaToB.

B Hacrosiee BpeMst B KaueCcTBe MEPCIIEKTUBHBIX IIPO-
(pUIAKTUYIECKUX CPEACTB C LIEJbI0 CHIDKCHUS JIy4eBBIX
PUCKOB paccMaTpUBalOT IIyPUHOBbIE COEAMHEHUS (KCaH-
TO3UH, KoeuH, nHo3uH) [34]. ITokazaHo, 4To 3ddeK-
TUBHOCTb pellapalliOHHBIX IIPOLECCOB ITYPUHOBBIMU CO-
eIMHEHUSIMU CBSI3aHA C aKTHUBALMEH ITOJMMepasbl I10-

Recently, there has been an increase in the
research interest of radiobiologists in radioprotec-
tive action of cytokines that regulate the growth,
differentiation, functional activity and radioresis-
tance of cells [29]. The protective effect of
cytokines is determined by their hemodynamic
and immune stimulatory activity, as well as their
ability to increase the endogenous background of
radioresistance, enhancing antitumor response of
the body [30]. These include interleukins, which
are able to maintain a high radioresistance of
human organism for an extended period of time.

The organic selenium compounds (for example,
selenotetratsistein) are recognised as prospective
means of prevention of radiation injuries, due to
the low toxicity [30, 31]. The antioxidant mecha-
nism of their action is a common characteristic to
the formation of all biological effects of selenium
and is carried out by selenium-containing proteins
[32, 33]. Experimental studies have shown that the
radioprotective effectiveness of organoselenium
compounds depends on the oxidation state of sele-
nium. The optimal period of time for preventative
administration of drugs with the oxidation state of
Se** is 24-hour period, and of Se*? is 1 hour [31].
Epidemiological studies have shown that in areas
with the selenium deficiency the frequency of can-
cer is much higher. There is a search and testing of
selenium compounds with anti-tumor activity in
non-toxic doses [30, 33].

The nature of the action of radioprotective
drugs is competitive in relation to the formation
of the radiobiological effect. Hence the integral
indicator of the effectiveness of radioprotectors
is a reduction factor of the absorbed dose
(RFAD), which shows how many times the value
of equally effective doses is changed. Some
increase in the values of RFAD is achieved by
applying a mixture of two or more radioprotec-
tors with different mechanisms of the protective
action. RFAD may reach 1.8—2.0 if the most
effective radioprotectors are used. This indicator
is most informative for comparative quantitative
assessment of radioprotective potential of vari-
ous drugs.

Currently, the purine compounds (xanthosine,
caffeine, inosine) are considered as prospective
preventive agents to reduce the risk of radia-
tion[34]. It is showed that the efficiency of repair
processes by purine compounds is associated with
the activation of the polymerase poly (ADP-
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T(AJ1®-pnbO36l) — OTHOTO M3 KJIIOUYEBBIX (DepMEHTOB
penapauuu JIHK [35]. IlypuHOBbBIe cCOeAUHEHUS] MOTYT
BIUATH Ha cucteMbl penapauuun JJHK onocpenoBaHHO
yepe3 CUTHaJbHBIC MYTH, a TAKXKe Ha MO3T UeJlIoBeKa Ipu
TUIIOKCHUY 3a CYET BIMSHMS Ha CUTHAJIBHBIN ITyTh aKTH-
BUPYEMBIX MUTOIeHaMU MpoTenHkuHa3 [36, 37]. Caena-
HO 3aKJII0YEHME, YTO B OCHOBE PaIMO3aIUTHBIX CBOMCTB
IYPUHOBBIX COCIUHEHUMN, C OMHON CTOPOHBDI, JIEKUT UX
CITOCOOHOCTH K HEMTpan3allii aKTUBHBIX (POPM KHCJTO-
poIa M JOJITOXMBYIIMX PaguKajaoB OCJIKOB, a C IPYroi
CTOPOHBI — CIIOCOOHOCTD K aKTUBAIINK KJIETOYHBIX MeXa-
HU3MOB MOCTPaAUallMOHHOIO BOCCTAHOBJIEHUS U perla-
pauroHHbIX mpoueccoB JAHK [34]. ABTopnsl npeanonara-
0T, UTO ellle 0oJjiee BhIpaXKeHHbIC PaIrO3allNTHEIC CBO-
CTBa MOTYT OBITh JOCTUTHYTHI IIPY HEOTHOKPATHOM BBE-
JEeHUM 3TUX COSAMHEHUN B 00Jy4eHHBIN OpraHu3M.

AHaM3 JAaHHBIX JIUTEPATYpPbl CBUIETEILCTBYET O TOM,
YTO HamOosee ageKBaTHO COOTBETCTBYeT TpeOOBaHUSIM,
NPeabSIBISIEMBbIM K COBPEMEHHBIM DPaauOIIPOTEKTOpPaM,
HYKJIEO3U1]1 IyprMHAa — MHO3UH (KOMMEepYeCcKoe Ha3BaHUe
PUOOKCHH). DTO Mpenapar NpUPOIHOTO MPOUCXOKACHUS,
HCTIOJIb3YeMbIll B KApIMOJIOTMIECKOI MPAKTUKE KaK CTH-
MYJIITOP METa0OJMYECKMX ITPOLIECCOB, MPEAIIeCTBEHHUK
cuHTte3a AT® 1 HYKJICOTUIOB, ITOAAEPKMBAIOLLMI SHepre-
TUYECKMI1 OaIaHC B PA3IMYHbBIX TKAHIX, CTUMYJIUPYIOLINIA
(bepMeHTATUBHBIC MPOLIECCHl Perapaliy PaguallliOHHBIX
noBpexaeHuit JTHK, mpensitctByromuii odpa3zoBaHUIO
BHYTPH- U MEXKXPOMOCOMHBIX 0OOMeHOB U T. 1. [38—40]. B
HacTosIIee BpeMsT MTHO3MH OLICHUBAIOT KakK 3(p(heKTUBHOE
CPEICTBO IINTEIFHOTO TTOBHIIICHUS PATUOPE3UCTEHTHOC-
TH oprann3mMa desoBeka [40]. ITonmBapuaHTHEIN XapaKTep
MeXaHu3Ma JeHCTBUSI JaHHOTO Iperapara 00yCIOBIMBaeT
IIMPOKUIA CIEKTP OMOJIOTMYECKON aKTUBHOCTH, B TOM
quicie, TOBBIIICHUE OOIIEH paguope3UCTEHTHOCT M MO-
OMIM3ALIMIO 3AIIUTHBIX PECYPCOB OPraHM3Ma.

I1pu uccnepoBaHuM BIMSIHUS MHO3WHA HA OOJydeHHBbIE
JMMGOLUTHI TeprudepUUeCcKOoil KPOBU YeJIOBEKA B KYJIETY-
pe MoIydYeHHbIe HAMU Pe3YJIBTAaThI Jal0T BOSMOXHOCTD I10-
HOBOMY B3IJISTHYTh Ha METOIOJIOTMIO BEIOOPA CPEICTB KOP-
PEKIIMY paarallMOHHO-UHIYLIMPOBaHHBIX 3¢ ¢eKToB [41].
YCTaHOBJIEHO, YTO MHO3WH IPOSIBIISIET aHTUMYTare HHbII
M paaro3allUTHBIN 3 GEKT Mpu 00JIydeHUU HEMAJIMTHU -
3MPOBAaHHBIX PAaAMOIyBCTBUTEIbHBIX KieToK (T-mumdo-
LUTHI) B MHTepBaje Manbix 103 (0,1—0,3—0,5 Ip), cHukas
YPOBEHb paaualiMOHHO-UHIYINPOBAHHBIX TeHETHUIECKIX
MOBPEXACHUI 10 3HAUYCHUI CIIOHTAHHOTO, TeM CaMbIM
TOBBIIIAS] PE3MCTEHTHOCTh TeHoMa 4enoBeka. [1pu aTom
KO3 GULIMEHT MoauduUKauu aydeBoro aggekra coc-
taBnsiet 3,8—2,7—3,5, COOTBETCTBEHHO.

AHa3 TaHHBIX JIUTEPaTyphbl 1 COOCTBEHHBIX UCCIICIO-
BaHUI T1O3BOJISIET 00OCHOBATD 11€J1eCO00Pa3HOCTh HAa3HA-

ribose) — one of the key enzymes in DNA repair
[35]. The purine compounds can affect the DNA
repair system indirectly through the signal path, as
well as human brain during hypoxia by influencing
the signal path of protein kinase activated by mito-
gen [36, 37]. It is concluded that the radioprotec-
tive properties of purine-based compounds are
based, on the one hand, on their ability to neutral-
ize reactive oxygen radicals and long-lived pro-
teins, and on the other hand — their ability to acti-
vate cellular mechanisms of post-radiation recov-
eryand repair processes of DNA [34]. The authors
suggest that even more pronounced radioprotec-
tive properties could be achieved by repeated
administration of these compounds in the irradiat-
ed organism.

Analysis of the literature shows that purine
nucleoside — inosine (commercial Riboxinum)
meets the most adequately the requirements for
modern radioprotectors. It is a drug of natural ori-
gin, used in cardiology practice as a stimulator of
metabolic processes, the precursor of the synthe-
sis of ATP and nucleotides, which supports the
energy balance in a variety of tissues, stimulates
the enzymatic processes of repair of radiation
damage to the DNA, which prevents the forma-
tion of intra- and interchromosomal exchanges,
etc. [38—40]. Currently, inosine is estimated to be
an effective means of long-term improvement of
radioresistance of human organism [40]. The
multivariate nature of the mechanism of action of
this drug explains its wide spectrum of biological
activities, including improving overall radioresis-
tance and the mobilization of protective resources
of the body.

The study of the influence of inosine at the chro-
mosomal level of irradiated human peripheral
blood lymphocytes in culture gives us an opportu-
nity to take a fresh look at the methodology of
choice of correction means of radiation-induced
effects [41]. It is found that inosine exhibits both
radioprotective and antimutagenic effect under the
irradiation of non-malignant radiosensitive cells
(T-lymphocytes) in the range of low doses (0.1—
0.3—0.5 Gy). It reduces the level of radiation-
induced genetic damage to the values of sponta-
neous level, thereby increasing the resistance of the
human genome. The coefficient of modification of
radiation effects is 3.8—2.7—3.5, respectively.

Analysis of the literature and our own research
allow us to prove the advisability of appointing
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YeHUS MTHO3WHA B KAYeCTBE MPO(MUIAKTUYECKOTO PaIOIT-
poTekTopa JuiaM, padoTtaromuM B cepe neiicrus MU
(paOOTHMKY aTOMHBIX MPEATIPUSTUN, PEHTTC€HOJIOTH, pa-
JAOJIOTU U Jp.), YYaCTHUKAM JMKBUIALUWM TOCJIEACTBUI
aBapur Ha YepHoObLIbCKON ADC, XWUTEIsIM paiiOHOB,
3arpsI3HEHHBIX PATUOHYKIIUIAMU, a TAKXKE JIALAM C BBISIB-
JIECHHBIM TIOBBIIIEHHBIM YPOBHEM a0eppalinii XpOMOCOM-
HOro tvna B JUMGOLUTAaX KPOBU C LIEJIbIO MEPBUYHOMN
NpOo(PUIAKTUKNA BO3HMKHOBEHUSI PaTMOT€HHBIX OITyXO-
JIeli, TTOCKOJIbKY TIPEICTABUTENN 3TUX KaTeTOPUIl Hacese-
HUSI OTHOCSITCSL K TPYIIIIE MOBBIIIEHHOT'O KAHIIEPOI€HHOTO
pucka (nateHT Ykpaunbl Ne 61604 ot 25.07.2011 ) [41].

ITouck mpemapaToB ¢ pagrONpPOTEKTOPHBIMU CBOM-
CTBaMU MOKa3asl, 4TO 3P (HEKTUBHBIMU IJIST 3TUX e
MOTYT OBITh TAKXKe IIpernapaThl TUMUYECKOTO ITPOMCXOXK-
JIeHUsI, MUILEHbIO NEHCTBUS MJI KOTOPBIX SIBJISIOTCS
WMEHHO JIUM(POLMTHI. DTU MperapaTbl B COOTBETCTBUU C
HOBOW KjaccudUKaIMei MpOTUBOIYYEBBIX CPEACTB OT-
HOCSITCS K paguoMUATUTaTOpaM [14].

PesynbraThl M MHTepHpeTalvs BBITOJIHEHHBIX HaMU
IIUTOTEHETUYECKUX MCCIEeTOBAHUMN C 1I€JIbI0 OLIEHKU
BJIMSTHUS TIpernapaTa TAMaJIMHA Ha BBIXOJ paIualliOHHO-
VHAYLMPOBAaHHBIX a0eppalnii XpOMOCOM B KYJIBTYpe
JIUM@OLIUTOB KPOBU YeJIOBEKa NeTalbHO IpeACTaBICHbI
B paboTax [42, 43]. KpaTKo OTMETHM, YTO LIUTOT€HETHU-
YecKre JaHHbBIE, MOIydeHHBIe TIPY AeCTBUM TUMAaJIMHA
B PO MIaKTUIECKON TO3MPOBKE 3a OOMH Yac J0 00JIy-
YeHMsI KyJIBTYPhI KJIETOK B IMAaIla30He MaJIbIX 103, CBUIE-
TEJBCTBYIOT O PaaMO3alIUTHOM BIMSHMU IIperapara —
CHIDKEHMH YacTOTHI abeppaluii XpOMOCOM IIPUMEPHO B
2 pasa (10 3HaYeHMI CTOHTaHHOTO ypoBH). Habmomae-
MbIi1 3¢ (eKT TUMaIMHa Mbl CBSI3bIBA€M C €TI0 CTUMYJIH-
PYIOIIMM BJIMSTHUEM Ha pernapainyio MepBAYHBIX pagua-
LMOHHO-VMHIYLMPOBAHHBIX ITOBPEXKICHUIA.

CornacHO COBPEMEHHBIM IIpeACTaBAeHUSIM, HaKOILIe-
HUE COMaTUYEeCKUX MyTalliii, B IIepBYIO0 O4yepelb, B pa-
JMMOYYBCTBUTEIBHBIX KJIETKAX, SIBJIIETCS TMTOTEHIUATBHO
OHKOI€HHBIM [44—46], a Maible O3bl paguallii — IIPO-
MOTOpPaMM pagrlallMOHHOTro KaHIleporeHesa [47].

B cBsa3u ¢ HebnmaronpusTHON pagro3KOJIOrnYecKoi
CUTyallMell B MOCTYEPHOOBITIBCKUI MEPUOA TTPOIOSIKa-
eTcsI ITOMCK (D (HEKTUBHBIX HETOKCUYHBIX PaIOIIPOTEK-
TOPOB IJIsI MOBBIIIEHUS PE3UCTEHTHOCTU 1 3alllUTHI Te-
HOMa, a TakKe OpraHM3Ma 4yeJoBeKa B LIeJIOM MPU JUTU -
TeJIbHOM OOJIydeHUM B AMana3oHe Majbix (HaadoHO-
BBIX) 103 [10, 48].

PagnanoHHO-MHAYLMpPOBaHHbBIE abeppalid XpOMO-
COM B COMaTUYECKMX KJIETKaX B COYETAaHUU C INTyOOKUMU
W3MEHEHUSIMU (IucOalaHCOM) B MMMYHHOI CHUCTEME
BCJIEICTBUE OOJIYICHMS Y C N30MpaTeIbHBIM ITOBPEXIe-
HUeM TMMQPOINTOB (abeppaliiy XpOMOCOM) OOYCIIOBIIH-

inosine as a preventative radioprotector for peo-
ple working within the scope of the IR (nuclear
workers, radiologists, radiologists and others),
participants of liquidation of consequences of
Chornobyl accident, residents of contaminated
areas. It is also advised to be given to people, who
exhibit an increased level of chromosomal aber-
rations in peripheral blood lymphocytes, for pri-
mary prevention of radiogenic cancer, since the
representatives of these groups are at increased
cancer risk (patent of Ukraine Ne 61604 from
25.07.2011) [41].

The search for drugs with radioprotective prop-
erties has shown that we may consider as effective
for these purposes the drugs of thymic origin, the
target of action for which are the lymphocytes.
These drugs, in accordance with the new classifi-
cation of radioprotective agents, are radiomitiga-
tors [14].

Results and interpretation of the cytogenetic
studies that we have performed in order to assess
the impact of the drug thymalin on the output of
radiation-induced chromosomal aberrations in
human lymphocyte cultures are presented in
detail in [42, 43]. Briefly, we note that cytogenet-
ic data obtained by the action of thymalin in pre-
ventative dosage one hour before irradiation of
cell culture at low doses, show the radioprotec-
tive effect of the product — reducing the frequen-
cy of chromosome aberrations in ~ 2 times (to a
value of the spontaneous level). The observed
effect of thymalin is attributed to its stimulating
effect on the repair of primary radiation-induced
damage.

According to modern concepts, the accumula-
tion of somatic mutations in the first place, in
radiosensitive cells, is potentially oncogenic [44—
46], and small doses of radiation — radiation car-
cinogenesis promoters [47].

Due to unfavorable radioecological situation in
the post-Chornobyl period, there is a continuous
search for effective non-toxic radioprotectors to
increase the resistance and protection of the
genome and the human body as a whole in the
long-term exposure to low range (above back-
ground) doses [10, 48].

Radiation-induced chromosome aberrations in
somatic cells in combination with profound
changes (imbalance) in the immune system as a
result of irradiation and with selective damage of
lymphocytes (chromosome aberrations) deter-
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BAlOT HE3allIMIIEHHOCTh OpraHM3Ma 4YejloBeKa OT BO3-
HUKHOBEHUS PagUOreHHBIX OIYXOJeil U COKpalleHUE
JIATEHTHOTO Mnepuoaa ux passutus [43, 49].

Anpobaluio TpenapaTroB, aKTUBU3UPYIOIIUX padOTy
penapaluroOHHBIX CUCTEM, Ha OCHOBE MOJIEIN JTUMPOII-
TOB TepudepruIecKoii KpOBU YeJIOBEKA 1 aHalli3a abep-
palnii XpOMOCOM, SIBJISIIOLIMXCS OMoMapKepaMy paaua-
LIMOHHOTO TOpaXXeH!sI OpraHu3Ma, MOXHO paccMaTpu-
BaTh KaK 3KCIepUMEHTaIbHOE 000CHOBAHUE UX 11€JI€BO-
ro Ha3HauYeHUs s MpeACTaBUTENe OTAEIbHBIX IIPUO-
PUTETHBIX TPYIIIT HACEJICHUS! YKPauHbI C ITOBBIICHHBIM
PUCKOM Pa3BUTHUSI paAUOTeHHBIX OITYXOJIEC.
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mine vulnerability of the human body from the
occurrence of radiogenic cancer and reduce the
latent period of their development [43, 49].

The testing and approval of the drugs, which
activate repair systems, based on the model of
human peripheral blood lymphocytes and analysis
of chromosome aberrations, which are biomarkers
of radiation damage to the body, can be regarded as
an experimental justification of their intended use
for the representatives of certain priority groups of
the Ukrainian population with increased risk of
radiogenic cancer.
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