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OcHOBHbIE MOMEHTBI

Kommexcuple coepunens kobanbra(ll) u sxenesa(ll) ¢ Butamunamu Bs, B2 u C obnafaror pagmualloHHO 3alATHO
AKTUBHOCTBIO I HETOKCUYHBI.

Takue coefyHEHNA MOTYT UCIIONIb30BAThCA B KadeCTBE Pa/iMallIOHHO 3aIUTHBIX IIPeIIapaToB IIpM yTPo3e A/1epHOTO
B3PbIBa, II€Pe]] BBIXOIOM Ha MECTHOCTD, 3apa’keHHYIO PO/ yKTaMM AJ€PHOTO B3pbIBa MJIN B XOfle TMKBU/Jal Y AJI€PHON
aBapun.

Axmyanvrnocmv. MHOTMe M3 CYLIeCTBYIOMIMX pafiMallMOHHO 3aIIMTHBIX MpeNapaToB MPOABIAIT HeXelaTeTbHoe
HOOOYHOE JelICTBIE TIPM UX II/IeBOM VCIIONIb30BAHUIL, 11 He BCErfja AOCTYHHbL Pa3paboTKa HOBBIX XMMUYECKUX
COEIVIHEHNII, IPOAB/IAIIINX paSyalliOHHO 3aLIUTHOE JIeJICTBIE, PACHIIMPsET BO3MOXKXHOCTHU IPOTUBOPASUALMIOHHOI
3aIIUTBI BOJCK U HacesneHus Poccuiickoit Qenepannm.

Llenv pabomvi — u3ydeHye pagualiOHHO 3allUTHOTO JEICTBUSA KOMITIEKCHBIX coemuuennit sxenesa(ll) u xobanp-
ta(ll) ¢ Butamunamu Bs, B2 u C B yCIOBMAX OCTPOTo Ty4eBOr0O MOPaXKeHNUA.

Mamepuanvt u memoovt. DKCIIepUMEHTATbHOE U3y4eHe PaAMallIOHHO 3alIMTHBIX CBOICTB KOMIUICKCHBIX COEMIU-
Henuit >xenesa(Il) u kob6anpra(Il) B yc/IoBMUAX OCTPOro 1y4eBOro NOpaXKeH)s Ha 1JA0O0PAaTOPHBIX )KUBOTHBIX (MBbIIIIN).
O6rny4eHe 9KCIIepyMeHTANTbHBIX )KMBOTHBIX OCYIECTBIIANN APOOHO B 3 3Talla, C MHTEPBAIOM MeXAY Humu 30 cy-
TOK, B flose 5,4, 3,0 1 6,5 Ip coorBeTcTBeHHO. [IpNn o6nyquM1/1 YYUTBHIBAZIOCh PABHOMEPHOCTD o6nyqe1—ma YL TOYHOCTD
nomydeHys mo3bl. OLEHKY pajgMalYIOHHO 3aIfUTHOI 9(PeKTMBHOCTH IIpernapaTroB IPOM3BOAIIIN Ha OCHOBAHWM
CPaBHUTE/IbHON JVHAMUKIY ITOKa3aTeneil epepaclpefenTeNbHbIX CIBUTOB B KapTVHe KPOBY, IIPU3HAKOB IIPSIMOTO
PafgyaOHHOIO MOBPEX/eHNs MMMONTHON U KPOBETBOPHOI TKAaHY, PeaKLMy COCYAUCTON U HEPBHO CUCTEM U
MICXOZ[y OCTPOII Ty4eBOlt 60/Ie3HN y KOHTPOILHOIL 11 OIIBITHBIX TPYIII MBILIIEN B TeUEHNe TPeX TAIIOB 9KCIIEPUMEHTA.
Pesynvmamul. BbpK1BaeMOCTD MbIIIEN, OMY4aBIIMX KOMIUIEKCHOE COeIHEH e XKene3a, cocTaBuia 100 %, B To Bpe-
M KaK IOJTYYaBIINX CoefyHeHue Kobanbra — 80 %, a mpenapar Beropon-E — Bcero 40 %.

3axmouenue. KommekcHble coefyHeHMs Kobanbra 1 sxenesa ¢ Butamutamu C, B2 u Bs o6magaoT cBojictBamMn pa-
AMOIPOTEKTOPOB, MOBbIIIAs HECIennPIIEeCKyI0 Pe3UCTEHTHOCTh OPraHN3Ma K MOHM3MPYIOLIeMY U3Ty4eHNIO 1 He
BBI3BIBAIOT TOKCUYECKOTO 3 dexTa.

Kniouesvle cnosa: ackopbuHo6as KUc10ma; KOMNieKCHble COeOUHEHUS JHerie3a U KoOavma; 1y4e6as 607esHb; ocmpoe
Jly4esoe nopaxcerue; NAHMOMeH0B8As KUCIOMA; paduonpomexmopHoe deticmeue; pubognasun

Hns yumuposanus: Kebey H.M., Kebey A.IL, Ilpuzopenos IA. Paduayuonno 3ausummvie cpedcmea HA OCHO-
8€ KOMNJIEKCHBbIX COeOuHeHull 3d-memannos ¢ umamuHamu u amunokuciomamu. Becmuuk sotick PXB 3aujumobl.
2024;8(4):323-333. EDN:fvdpgq.
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IIpospaunocmv unarncosoii OesmenvHOCHU: ABIOPYL He UMeIom PUHAHCOB0L 3AUHINEPECOBAHHOCIU 6 NPedcmas-
JIEHHBIX MAMEPUATIAx U Memooax.

Kongnuxm unmepecos: Hem.

© H.M. Kebeu, A.l. Kebeu, IA. MNpuropenos, 2024
BecTHuK Borick PXbB 3awutbl. 2024. Tom 8. N2 4

SNOdVIM dVITONN WOY4d NOILD310dd ANV AL34dVS NOILvIAvy

BENXXAJO OJOHdATE LO V1IUITIVE N 9LD0HDVLOE3I9 BYHHOUTIVNT'Vd

323



PAOANALNOHHAA BE3OIMNACHOCTb U 3ALLUNTA OT AOEPHOIO OPY>XXUA

RADIATION SAFETY AND PROTECTION FROM NUCLEAR WEAPONS

324

Kebeu H.M., Kebeu, A.T., Mpuropenos lA.
Kebets N.M., Kebets A.P., Prigorelov G.A.

Dunancuposanue: pedepanvroe 20cy0apcmeeHHoe Ka3eHHOe 80eHHOe 00pasosamenvHoe yuperoeHue 8vicuiezo 00pa-
308aHus «BoenHas akademus paduayuoHHotl, Xumueckoi u 6uonoeudeckoil sausumot umenu Mapuwana Cosemckozo
Coiroza C.K.Tumowenko (2. Kocmpoma)» Munucmepcmea o6oponut Poccuiickoii Qedepavuu.

IMocrynmma 15.08.2023 r. ITocrte popaborku 25.06.2024 r. Ilpunsta k my6mmkanmu 27.12.2024 .

Radioprotective Agents Based on Complex Compounds
of 3d Metals with Vitamins and Aminoacids

Ninel M. Kebets™, Alexander P. Kebets, Gennadiy A. Prigorelov

Nuclear Biological Chemical Defence Military Academy Named after Marshal of the Soviet Union
S.K. Timoshenko (Kostroma), the Ministry of Defence of the Russian Federation

Gorkogo Str., 16, Kostroma 156015, Russian Federation

<1 e-mail: varhbz@mail.ru

Highlights

Complex compounds of iron(II) and cobalt(II) that contain vitamins C, B2, and Bs have radioprotective potential and
are atoxic.

Such compounds can be used as radioprotective agents in case of nuclear explosion threat, before people step out onto
surface that has been contaminated with nuclear explosion products or during nuclear accident settlement.
Relevance. Many existing radioprotective agents reveal unwanted side effects, when used. They are also sometimes
unavailable. The development of new chemical compounds that exert radioprotective effect provides new possibilities
for radioprotection of troops and population of the Russian Federation.

Purpose of the study. The purpose of the study is to analyze radioprotective effect of complex compounds of iron(II)
and cobalt(IT) that contain vitamins C, B2, and B5 in case of acute radiation damage.

Materials and methods. The experimental studies radioprotective properties of complex compounds of iron(II) and
cobalt(II) in case of acute radiation damage have been conducted. The tests have been performed on laboratory mice.
The mice have been exposed to radiation fractionally in 3 stages. The interval between them is 30 days and the radiation
doses are 5.4, 3.0, and 6.5 Gr, respectively. The authors have taken into account the radiation exposure equability and
dose accuracy. The evaluation of radioprotective efficiency of agents is based on the comparative analysis of changes
in indicator values of redistributive shifts in blood samples, signs of direct radiation damage of lymphoid and blood
forming tissues and the reactions of vascular and nervous systems to such damages, as well as the outcomes of acute
radiation syndrome in control and test groups of mice at three stages of the experiment.

Results. Survival rate in mice, who have been treated with a complex iron compound, is 100%, while survival rate in
mice, who have been treated with a cobalt compound is 80%, and the survival rate in mice, who have been treated with
Vetoron E is only 40%.

Conclusion. Complex compounds of iron and cobalt that contain vitamins C, B2, and Bs exhibit radioprotective
properties. They enhance the resistance to ionizing emission and don’t exert toxic impact on the organism of a living
being.

Key words: acute radiation damage; ascorbic acid; complex compounds of iron and cobalt; pantothenic acid, radiation
sickness (radiation syndrome); radioprotective effect; riboflavin

For citation: Kebets N.M., Kebets A.P., Prigorelov G.A. Radioprotective Agents Based on Complex Compounds
of 3d Metals with Vitamins and Aminoacids. Journal of NBC Protection Corps. 2024;8(4):323-333.
EDN: fvdpgq.

https://doi.org/10.35825/2587-5728-2024-8-4-323-333

Financial disclosure: The authors have no financial interests in the submitted materials or methods.

Conflict of interest statement: The authors declare no conflict of interest.

Journal of NBC Protection Corps. 2024. V. 8. No 4



PaaunaumnoHHO 3aUUTHbIE CPeCTBA HAa OCHOBE KOMIJIEKCHbIX coeAuHeHuni 3d-MeTasI0B C BUTaMUHAMM...
Radioprotective Agents Based on Complex Compounds of 3d Metals with Vitamins and Aminoacids

Funding: Nuclear Biological Chemical Defence Military Academy Named after Marshal of the Soviet Union
S.K. Timoshenko (Kostroma), the Ministry of Defence of the Russian Federation

Received August 15, 2023. Revised June 25, 2024. Accepted December 27, 2024.

[Ipobema moOMCKa HOBBIX CPENCTB 3a-
IUTBl OT PajMOAKTUBHOTO WU3JIY4YEHUS OCO-
0eHHO OCTpO BCTaja CPaBHUTEIBHO HEZABHO
B cBA3U ¢ cobprTuaAMu Bokpyr YAIDC u 3A3C.
Yrpo3a MHIUAEHTOB Ha aTOMHBIX CTAHIUAX U
IpUMEHEHNA Ha YKpPauMHON TaK Ha3bIBaeMoOI
«TPpsI3HOI» 6OMOBI MOXKET IPUBECTH K pajjialIiu-
OHHOMY 3arps3HeHNI0 OONBIINX TEPPUTOPUIL.
OpHMM U3 Ny Telt CHUXKEHNUSI 9TOTO HETaTUBHOTO
sddexta Ha mIOfEil SABMSETCS MCHONb30BaHUE
3¢ PeKTUBHBIX U 6€30IMaCHBIX PafNAIMIOHHO 3a-
LIUMTHBIX Ipernaparos [1-4].

BuTaMuHBI-aHTMOKCUAAHTH (aCKOpOMHOBAS
KIUCTOTa, TOKODEPOsbl, TUPUMLOKCUH U €TO MPO-
M3BOMHbIE), CIIOCOOHDBI CBA3BIBAaTh CBOOONHBIE
pafiMKabl ¥ 6/1arofaps 9TOMy OKa3blBaTh pajfin-
osamuTHoe meiictBue [5-7]. M. eBuc [8] cum-
TaeT, YTO B pe3y/nbTaTe KOMIIEKCOOOPa30BaHM
BUTAMMHOB C OmoMeTanjaMiu IOSABIAIOTCA
HOBble BUABI (GU3MOIOTNYECKON AKTUBHOCTH,
KOTOPBIMMU He 00/I1afiani NCXO{HbIE COeJMHEHS.
K TakmMm KOMIIIEKCHBIM COENVHEHUAM, B 4acT-
HOCTU, OTHOCATCHA KOMIIJIEKCHI OMOMETasIoB,
COfiep>KalllUX B CBOEM COCTaBe IAaHTOTEHOBYIO
KUCIOTY (BUTaMMH B5), ackop6MHOBYI0 KUCTIOTY
(Butamun C) u pubodnaBun (Buramud B2) us
KOTOPBIX HaMOONBIINII NHTEPeC NPefCTaBISAIOT
kommnekchl xenesa(Il) u kobanpra(ll) [9-12].

[To3TOMYy KOMIITIEKCHBIE COeAVHEHN JXees3a
u Kobanbra ¢ Butamunamu B2, Bs u C, o6mazga-
Iol[Jie IepPeYMCIeHHbIMYU BBbILIE CBOVICTBAMI,
OTBEYAIOT TPeOOBAHMUSIM, IPEABIABISIEMBIM K pa-
muonporekTopam (4, 13-18].

Llenv pabomor — N3y4eHe pafMaliOHHO 3a-
IIMTHOTO JECTBIA KOMIIJIEKCHBIX COEIMHEHMIT
xkenesa(Il) nu ko6anpra(ll) ¢ BUTamMunamu Bs, B2
u C B yC/IOBUAX OCTPOTO J1y4€BOTO MOPa>KeHMSI.

Marepuanbl U METObI

I cuHTEe3a KOMIIEKCHBIX COeMHEH NI KO-
6anbra u xenesa ¢ puramuuamu C, Bs u B2 uc-
[I0/Ib30BAMN ClIeyIoliyie peaKTIUBBI:

- cynbdar xenesa («aga», TOCT 10262-73,
Poccus);

- cynbdar kobansra («ama», TOCT 10263-73,
Poccus);

- ACKOpOMHOBast KUCIOTA («4/1a», TPOU3BOI-
cTBO upMbI «Servar, [epmanns);

- anetoH («uma», TOCT 2603-79, Poccus);

1

- adup mustunossiit («u», TOCT 626574,
Poccusa);

- BeropoH-E - BuTaMuHHBIN Ipenapar, B 1 M
KOTOpPOTO copepXutcs 20 Mr f-KapoTuHa U 110
40 mr ButamuHoB C un E;

- MBILIN I[BETA ary TV — TUOPUJ TVMHUI ?CBA
n o'57Blacké.

CuHTe3 KOMIUJIEKCHBIX COeMHEHUN >Kene3a
u xkobanpra ¢ ButamuHamu C, B5 n B2 ocylecT-
BIISITICSL TIO METOIMKAM, OMMCAHHBIM paHee [3].

Omnpepenenne o060I1ero KoamyecTBa Jeii-
KOLMTOB U SPUTPOLUTOB B HepudepriecKoir
KpPOBU MBIIIEH OCYLIECTBIISAAN IO METOLMKAM,
IpUBeJeHHBIM B PyKOBOACTBe [19].

Ins w3ydeHMs paguMalMOHHO 3aIMVITHBIX
CBOJICTB KOMIIJIEKCHBIX coeguHenuit xenesa(Il)
u kobanpra(ll) 6pi1a mpoBeeHa cepust IKCIEPU-
MEHTOB Ha MBIIIIAX I[BeTa aryTy — TUOPU IMHUII
$CBA u J'57Black6. [lns sToro mo mnpuH-
LMy TPYII-aHAJIOrOB ObUIM CHOPMUPOBAHBI
4 rpynnsl o 10 1a60paTOpPHBIX )KMBOTHBIX B Ka-
XKJI0J1, M3 KOTOPBIX 1 rpynia 6bl/1a KOHTPOIbHOIL,
a OCTa/IbHbBIE ONBITHBIMU. YC/IOBMS COREP>KaHMA
BO BCeX rpynmax 6pumm opmHakosble. Habmro-
OeHMsA 3a COCTOAHNEM OSKCIepUMEHTaTbHBIX
JKMBOTHBIX OCyIIeCTBAANN B TedeHMe 30 CyTOK
nocie o6nydenns. JKMBOTHBIE ONBITHBIX IPYIII
3a HeJeIIo 1epey o00/yd4eHnueM eXeCyTOYHO U B
TeYEeHUM IKCIEepMMeHTa C KOPMOM SHTepanTbHO
B 0on0cax IOMy4yaau KOMIIIEKC Kobanbra
(2 rpynmna) u KoMIIeKkc xesne3a (3 rpymnmna) B 1ose
50 mr/kr. [Insa nonydenus 6onee 00’beKTUBHBIX
TAHHBIX O PafgMAlVIOHHO 3aIIUTHOM JeNCTBUU
KOMIUJIEKCHBIX CO€JMHEHUIl CPaBHUBAAN UX C
HeliCTBMEM Ha OpraHM3M MBbILIell pajioNpOTeK-
TOpHOro npemnapara BerepoH-E, koTopsblil mo-
nydanu ocobu 4 rpynnsl B fose 50 mr/kr. O6-
JTy4yeHUe SKCIIePUMEHTAbHBIX XMBOTHBIX OCY-
1IeCTBIISIN ,I[p06H0 B 3 sTama B go3e 5,4, 3,0 u
6,5 I'p'. IIpu 06My4YeHNN YIUTHIBAIOCH PAaBHO-
MEpPHOCTb OO/Ny4YeHMSI M TOYHOCTH IIONYYEeHMUS
IO3BI.

OneHKy pajMalMOHHO 3aIUTHON 3¢-
dbexkTUBHOCTHU Ipernaparos I POU3BOIVIIN
Ha OCHOBAaHMM COIIOCTaBJIE€HMA 9KCIEPU-
MEHTA/IbHBIX JIaHHBIX II0 TEYEHUIO U VICXORY
OCTpOIl 71y4eBOWl 6ONE3HM Y KOHTPOIBHBIX U
ONIBITHBIX I'PYIIII MBILIEV B TeYEHVE TPEX 9TAINIOB
9KCIIepUMEHTA.

3a eMHNIY M3MepeHUs TIOTTIoNeHHOIT 103bl B crcTeMe CU mpuHar rpeit (Ip). 1 Ip — aTo Takas 03a, IpU KOTO-

pOﬁ[ macce 1 kr nepenaeTcsa SHEPTUA MOHU3VIPYIOIIETO 3Ty I€HNA B 1 [AKOYIb. BHecucremHoOM eHI/IHI/IHeﬁI IIOT/IOIICH-

HOI1 o35l ABndercd paf. 1 I'p = 100 pag,.
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Bce akcmepuMeHTBHI € >XMBOTHBIMU IIPOBO-
OUIM B COOTBETCTBUM C MeXIyHapOZHBIMU
npuHnunamMy XenbCUMHCKON JleKaapanuu o Ty-
MAaHHOM OTHOINEHUM K >XKMBOTHBIM (IIOC/TIemHAA
pemakuus 2013r.), momoXeHMsAMU [JMpeKTUBBI
2010/63/EU Espomneiickoro IlapmamenTta u Co-
Beta EBpomeiickoro Cowsa or 22 ceHTAOps
2010 ropma 1o oxpaHe >KMBOTHBIX, ICIIONb3YE€MbIX
B HayuHBbIX Lensax (Crates 27)%.

ITony4yeHHsle pe3ynbTaThl 0OpabaTbIBaIN
MEeTOMOM BapMaIIMIOHHON CTAaTUCTUKMU C UCIIONb-
3oBaHMeM tt kputepus CTbIoJIeHTA.

Pesynbrarsl

PapmosanuTHble CBOMCTBA KOMIIIEKCHBIX
coenuuenus xenesa(Il) ¢ Burammuamu C u
B5s u xo6anpra(Il) mccimemoBanm B yCIOBMAX
OCTpPOrO JTy4eBOro mopaxenus. IIockonbky Ts-
JKeCTb JTy4eBoil 60/Ie3HN 3aBUCUT OT BeIMYNHBI
U MOI[HOCTU TO3bI, TO OOBIYHO PA3MNYAIOT Clle-
Ayoliye ee CTafuy: OCTPYIO Ty4eByI0 60/ne3Hb
nerkoit (1-2 I'p); cpemmeit (2-4 I'p); Tsaxxenoit
creneHn (4-6 I'p) u kpaitHe TsKenmoil (CBbIle
6 I'p). IIpu 3TOM CMMNITOMBI Jy4eBoil 60nMe3HU
BCerjja MpOsBIAITCA Hpu fosax 6omee 2 I'p u,
KaK IIPaBUJIO, B TeYeHVEe HEIPOLOIKUTENBHOTO
BpemeHnu [20-22].

O6ny4eHne MbIIei IPOBOAU/IN TPEXKPATHO
Ha ramMa-ycraHoBke «ITanopama» B fose 5,4, 3,0
u 6,5 I'p. IIpn 0671yueHNN yIUTHIBAIOCh PAaBHO-
MEpPHOCTb OO/Ny4YeHMSI M TOYHOCTDH IONYYEHMUs
mo3sl (pucyHok 1).

CyMmMapHOe 00/lydeHMe MBILIEHl COCTaBUIO
14,9 T'p. [Ipu ogHOKpAaTHOM OOTy4YeHNUN 3Ta 1032
ABJAETCA aOCOMIOTHO JIETAJIBHOM /IS BCEX MIIe-
konurawomux. Jpo6bHoe TpexkpaTHoe o00Iy-
yenue mbiuieit (5,4 I'p, 3,0 I'p u 6,5 I'p) nosso-
JINJIO CYIIeCTBEHHO MOBBICUTD UX YCTONYMBOCTD
3a CYeT YaCTUYHOI perapanuy mopaxxeHuit, Ko-
TOpas IMPOUCXOANIIA B IEPUOMIBI MEXTY 00y de-
HUAMMU.

OneHKy pafManMOHHO 3aIUTHOI 3¢pdek-
TUBHOCTU IIpeNapaToB IPOMU3BOAMIN Ha OCHO-
BaHNY CONOCTABIEHMA MTOTYYEHHBIX JAHHBIX 110
TeYEeHNIO U UCXOMY OCTPOI y4eBOi 60/me3HN y
KOHTPOJIBHOM ¥ OIIBITHBIX I'PYIII MBILIEH B Te-
YyeHMe BCeX 3TalloB 3KcmepuMeHTa. IIpm atom
YYMTBIBAMIM  OOLIENIPUMHATBIE  KIMHUYECKNe
HoKasarenu: obllee COCTOSAHUE ¥ IIOBeJEHME
MBIIIEN, COCTOAHME KOXM, OPTaHOB JIBIXaHUA U
nuieBapeHns.

B ombITHBIX rpynnax, ocobeHHo 2 u 3, rge
JKMBOTHBIE IIO/TyYajIyl KOMIIJIEKCHOE COeIIHeH e
ko6anpra(Il) c Buramuuamu B2 u C u sxenesa(Il)
¢ ButammnHamu Bs u C, KnnHMYecKue NpusHaku
OCTPOTO0 Ty4eBOTro MOpakeHNd, a UMEHHO, TOI-
HOTAa, pBOTa, apTepuaabHasA TUIIOTOHUA, Auapes,
He TaK pe3KO NPOABIANUCH IO CPaBHEHUIO C
KOHTPOJIBHOJN I'PYIIION.

KnumHnyeckne mnposBAeHMA IepBOro Iie-
puoga (3Tama) OCTpOIl JTyd4eBOil Ooe3HM
CBUJETENbCTBYIOT O PaHHUX HapYyLIEHUAX

HEPBHO-PETryNATOPHBIX M TI'yMOpPAanbHbIX B3a-
MMOOTHOIIEH NI,

nepepacnpefieTIUTeTbHbIMU

PucyHok 1 - [amma-ycmaroeka «[laHopama» ((pomozpacpusi aemopos)
Figure 1: Gamma-ray facility «<Panorama» (the photo is taken by the authors)

2 Directive 2010/63/EU of the European Parliament and of the Council of 22 September 2010 on the protection
of animals used for scientific purposes Text with EEA relevance. URL: https://eur-lex.europa.eu/legal-content/EN/
TXT/?uri=celex%3A32010L0063 (zata obpaenns: 08.07.2024).
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CABUTAaMIU B KapTMHe KpoBu (4alme HeMTpoO-
(UIBHBINA TeIKOLNTO3), U3MEHEHUAMU B [esd-
Te/IBHOCTY Pa3/IMYHbIX AHAJIN3ATOPHBIX CUCTEM.
OO6HapyXMBaIOTCA HNPU3HAKM NPAMOTrO pajpua-
IIVOHHOTO IOBPeX/IeHUs TUMPOUTHON U KpPO-
BETBOPHOII TKaHM (HayanbHast TUMQOIeHU s, T'U-
0e/Ib MOJIOABIX KJIETOUYHBIX 97IeMEHTOB KOCTHOTO
MO3ra), a TakK)kKe paHHMe peaKLUM COCYAUCTO
U HEPBHOM CUCTEM B BHUJi€ HapYLIECHUI TeMOMM-
HaMUKJY, OOLIEeMO3rOBBIX ¥ 04aTrOBBIX HEBPOJIO-
TMYeCKUX CUMIITOMOB; Ipy 60Jiee BBICOKOII j03€
U3NTy4eHN A NOABIATCA IPU3HAKM OTeKa MO3Ta.
BpIpaxeHHOCTDb NEePBUYHON peaKLuy y pPasHbIX
BMJIOB )KMBOTHBIX pasInyHa (pucyHox 2).

IleppuyHasg peakuus Ha oO/NydeHUe y XKU-
BOTHBIX IOJOTIBITHBIX TPYII MeHee 3aMeTHa,
4TO, MO-BUJMMOMY, CBA3aHO C OTCYTCTBMEM Y
HMX PBOTHOTO LieHTpa [23, 24].

Ha BTOpOM 3Tame BO BcexX rpymnmax, Kpome
KOHTPOJIbHOI, KIMHUYECKNe IPU3HAKM Iopa-
JKeHMsA OBbIIM IO-IpPEeXHEeMY MeHee BbIPa>KeHBI.
Y >KMBOTHBIX KOHTPOJIBHOJ TPYIIbI OTMeYasn
He3HAaYUTeTbHOE YyITHETEeHNE IIOBEeJeHN U alllle-
TUTA, a TaK)Ke HAOIIOaINCh ajlIoNenusa KOX-
HOro mokpoBa (pucyxok 2). Ha Tperbem arame
XapaKTepHble KIMHNYECKNe IIPU3HAKM OCTPOTO
JTy4eBOr0 IOpakeHUs HAOTIOJanuch BO BCeX
0e3 uckaoYeHns rpynnax. [Ipu sTom fuHaMnka
3TOTO TOKasaTels 3aBMce/la OT IMPUMEHAEMOro
mpemnapara.

OpHOit M3 pPafiOYyBCTBUTENBHBIX CHUCTEM
OopraHmsMa ABJIAETCS CUCTeMa KPOBETBOPEHMA.
[ToaToMy BakHeMIIMM IapaMeTPOM, OIleHNBa-

PucyHok 2 - KauHuuyeckoe cocmosiHue Mulweli hocae 06-
AydeHus (annoneyus) (pomozpacus aemopos)

Figure 2: Clinical state of mice after radiation exposure
(alopecia) (the photo is taken by the authors)

oM 3} PeKTUBHOCTD PafgMONPOTEKTOPHOTO
MeVICTBUA COeIVHEHMII, ABIAETCA UX BIMAHME
Ha reMaTO/NIOTMYeCKMe IOKa3aTelnyu KPOBU KM-
BOTHBIX [21]. XapaKTepHOil peakumeir Ha IIy-
YeBO€e BO3J[EVICTBIE ABIAETCS U3MEHeHNe YICIa
JIEMIKOL[UTOB ¥ 3PUTPOLUTOB, MpUYeM 3aKOHO-
MEpPHOCTb M3MEHEHMS UX YVC/IA IOJ] BIUAHNEM
UCCTIeyeMBIX COeIVHEHUII KOPPETUPYIOT C BBI-
SKMBAEMOCTBIO XKMBOTHBIX (mabnuya 1).

[Ipn o6nydeHUN B CpefHeNeTaNbHBIX H03aX
U BbIlle B IIepBble Yachl HAaOMIOfaeTcs Kpat-
KOBpeMEHHOE He3HAYUTe/bHOEe yMeHbIIeHNe
yucna nerikouutos (I dpasa). Uepes 6-8 4 Habm10-
maercA ux yBenudenue Ha 10-15 % ot ucxopgHoro
ypoBHsa (II ¢asa). K KoHIIy CyTOK KOIMYeCTBO

Ta6bnuua 1 - M3meHeHue Kosludecmad s1elikoyumos U 3pumpouyumos) 8 Kposu moiweli Ha 1 smane, MAH/MM?
(ma6nuya nodzomossieHa asmopamu No c06cMeeHHbIM OdHHbIM)
Table 1. Changes in white and red blood cell counts in blood of mice at the first stage, mIn/mm? (the table is
compiled by the authors of this paper according to their own data)

o o6yyeHus / Bpems nocne o6nyyenus, cyTt /
ng:;'l"la / Before radiation Period after radiation exposure, days
i exposure 3 | 5 | 7 | 15 | 30
CopepyaHue neiikounTos B nepndepnyeckoi Kpoen Mblwen, XS /
White blood cells count in peripheral blood of mice X+S
1 6,810,1 3,4 0,1 1,9+0,2 1,3+0,3 1,7+£0,2 2,7+0,2
2 7,0+0,3 3,9+0,1 2,5+0.2 1,4+0,2 2,3+0,3 3,7+0,2
3 7,3+0.3 4,7+0.2 2,8+0.2 3,2+0,2 3.7+0,2 5,0£0,2
4 6,7£0,3 3,4+0,1 1,4+0,2 1,3+0,2 1,9+0,2 2,8+0,2
CopepyaHue 3puTpoLUTOB B Neprdepuyeckon Kposu Mbiwlein, X+S /
Red blood cells count in peripheral blood of mice X£S_
1 8,4+0,2 6,4+0,1 5,3+x0 7,0+0,1 6,0+0,4 6,4+0,1
2 8,1+0,1 6,4+0,1 5,2+0,3 6,4+0,1 7,8+0,3 7,7+0,1
3 7,9+0,3 6,2+0.2 5,5+£0.2 6,2+0,2 7,0+0,1 7,6+0,2
4 8,7t0,3 6,5+0,2 5,8+0,1 5,4+0,1 6,1+0,1 7,5+0,2
MpumeyaHue.
X+S - 6eAUYUHA hoKazames U €20 CMAHOapmMHoe OMK/I0HeHUe; pa3nuyue 6 2pynnax docmoeepHol npu p<0,05.
Note.
X+S , the value of the indicator and its standard deviation; the differences in groups are reliable at p<0.05.
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MamonozoaHamomuueckue uU3MeHeHUs

PucyHok 3 -
8 opzaHu3sme Mblweli nocae o0b6ayyeHus (pomozpagus
asmopos)

Figure 3: : Pathoanatomical changes in mice after radiation
exposure (the photo is taken by the authors)

JIEIKOLIUTOB PE3KO CHIKAETCA M0 MCXOMTHOTO
YPOBHA U yJep>KMBaeTCA Ha HEM.

Msmenennsa o6uiero KonmdecTBa JIe¥iKo-
IIUTOB B TNepudepndeckoirl KpoBUM B IepBbIe
1-2 4 mocime /1y4eBOro BO3JAENCTBUA SABIA-
IOTCA  CNIEACTBMEM BEreTaTUMBHO-COCYAUCTHIX
peakumii nmepepacnpepneneHus Kposu. lVsme-
HEHUEe 4uCaa JefKOLUTOB B IOCIE[yIolue
CPOKM TI/JIaBHBIM 00pa3soM CBsA3aHBI C Hapy-

HIeHyeM KOCTHOMO3TOBOI'O
(mabnuya 1).

Hanbomee pafpMo4yBCTBUTEIBHBIMU KJIET-
KaMM SABIAKTCA JIEKOMUTHI, IO3TOMY M3Me-
HeHMe MX 4YMCIa — OObEeKTUBHBIN ITOKa3aTelb
CTEMeHN TSXKECTU JIy4eBOTO IOPa>KeHUsI Op-
raHusMa. B mabnuye 2 npuBeneHbl JaHHbIE 110
AVHAMMKe 4UC/IA JIEHKOIMTOB U 3PUTPOLUTOB
B KPOBU >XMBOTHBIX KOHTPOJIbHO ¥ OIBITHOI
IPYII HAa 2 U 3 3Tanax 9KCIEePUMEHTa.

ITaTronoroanaToMudeckue M3MeHEHUSA B Op-
raHM3Me IOJONIBITHBIX MbIIIEN AMAarHOCTUPO-
Ba/lM IOC/Ie BCKPBITUA NABIIMX XMBOTHBIX, a
TaK>X€ BCeX JKMBOTHBIX IIOCTEe OKOHYaHUA 3KC-
nepuMeHTa. CneflyeT OTMeTUTb, YTO TaKMe U3-
MeHEHM OBbIIY MUHUMAJIbHBI ¥ )KMBOTHBIX, I10-
Ty4aBIIMX KOMIIIEKCHbIE COeJMHEHN Kene3a I
K006abTa ¢ BUTAMUHAMI.

ITpoBenenHbIe MaTOJI0TOAHATOMUYeCKIe
VICCTIEOBAHMA MOKAa3alM, YTO Y MOTMOMMNX JKI-
BOTHBIX HAa0JII0[Ja/IOCh YMEHbILIEHNEe pa3Mepa ce-
TI€3€HKM, a Y KMBOTHBIX KOHTPOJBHO T'PYIIIIBI
OHa emle uMena u 671egHYI0 OKpacKy. B merkmux
JKMBOTHBIX HAaO/MIOA/NCA OTEK, a Y MOTUOIMINX Ha
IIT stane eme u kpoBousnuAHuA. Kposousnu-
AHUA B JKeNYJOYHO-KUIIEYHOM TpaKTe Habmo-
[anoch y MbllIeit, morn6mux takxe Ha III satame
3KCIIepMMEHTa, a Yy JKMBOTHBIX KOHTPOJIbHOI
TPYIIBI COCTOSAHME OBIIO OCITO)XHEHO HEKPO30OM
(pucymnox 3).

KPOBETBOPEHU

Tabnuua 2 - Mi3ameHeHue Ko/u4yecmaa ielikoyumos U 3pumpoyumos) 8 Kposu mbiweti Ha 1 smane, MAH/MM?
(ma6auya nodzomossieHa asmopamu o cCO6cMeeHHbIM OAHHbLIM)
Table 2. Changes in white and red blood cell counts in blood of mice at the first stage, min/mm? (the table is
compiled by the authors of this paper according to their own data)

Bpems nocsie o61yyeHus, cyT /
Ipynna / Period after radiation exposure, days
Group Il atan / Il stage Il 3tan / lll stage
5 5 5
CopfepxaHue NeiikounToB B Nepudepnyeckoi Kposm Mblwen, XS /
White blood cells count in peripheral blood of mice X£S_
1 2,30+0,17 2,00 +0,15 1,65+0,22 0,9+0,19
2 3,25+0,22 2,60+0,14 2,1+0,21 1,7+0,28
3 4,50+0.26 3,65+0,06 2,85+0,2 2,00+0,18
4 2,30+0,22 1,85+0,18 1,40+0,31 1,10+0,15
CopepyaHune spUTpoumUTOB B NeprdepUYecKon Kposu Mbiwen, XS, /
Red blood cells count in peripheral blood of mice X£S_
1 6,10+0,21 6,20+0,15 5,59+0,08 5,13+0,16
2 7,00+0,13 7,36+0,10 6,61+0,10 6,04+0,23
3 7,51+0,19 7,78+0,20 6,79+0,14 6,17+0,13
4 6,46+0,40 6,80+0,16 6,04+0,32 5,49+0,13
MpumevaHue.
X+S, - 6eAUYUHA NOKA3ames U e20 CMaHOapmMHoe OMK/I0HeHUe; pasnudue 6 2pynnax 0ocmoeepHsl npu p<0,05.
Note.
X+S , the value of the indicator and its standard deviation; the differences in groups are reliable at p<0.05.

Journal of NBC Protection Corps. 2024. V. 8. No 4



PaaunaumnoHHO 3aUUTHbIE CPeCTBA HAa OCHOBE KOMIJIEKCHbIX coeAuHeHuni 3d-MeTasI0B C BUTaMUHAMM...
Radioprotective Agents Based on Complex Compounds of 3d Metals with Vitamins and Aminoacids

100

80

60

BbIKHBaeMoOCTh, %

40

20

0e3 001yuenust 1 3Tan

u]
u2
LK)
4

2 Tan 3 3Tan

PucyHok 4 - Buicueaemocmob (%) mbiweli nhocae obaydyeHus Ha |-l amanax: 1 - 1 zpynna; 2 - 2 zpynna; 3 -
3 2pynna; 4 - 4 2pynna (pucyHok hod2omoesieH asmopamu no co6¢cmeeHHbIM daHHbIM)

Figure 4: Survival rate (%) in mice after radiation exposure I-11l stages: (1) the first group; (2) the second group; (3) the third
group; (4) the fourth group (the figure is compiled by the authors according to their own data)

Hanbomee Ba>XHBIM IIOKasaTeneM, Xapak-
Tepu3ymuM 3¢(QPeKTUBHOCTb pagualVIOHHO
3aIUTHOTO JEVCTBUS COEIMHEHUI, SBISIETCS
BBDKMBAEMOCTb /1abOPAaTOPHBIX J>XMBOTHBIX B
YCIIOBUAX OCTPOro nydeBoro nopaxxenus. Iloa-
TOMY IPOTUBOTYYeBYI0 3 PEKTUBHOCTD COEMN-
HEHMII OLlEHNMBA/NIN 110 IPOLEHTY BbDKMBUIUX B
TeYeHMe TPeX 3TAllOB 9KCIEPUMEHTA, YUUThIBA
IpY 3TOM YacTOTy M BpeMs UX rubenm Imocie
o6nyyeHusi. Mply TpeTbeil ONBITHON TPYIIIBI,
IoJ/Iy4yaBlIye KOMIJIEKCHOe COelMHeHNe JKele3a
¢ sutamuamu Bs u C, umenu 100 % BBIXXKUBa-
€MOCTb, 4YTO IIPE€BOCXOAUT pe3ynbTaThl IpH-
MeHeHMsA JPYyroro McciefyeMoro mpemnapara. B
rpynnax, rje >XMBOTHbIe IIOAy4aau C KOPMOM
KOMIIIEKCHOE cOeJiHeHNe KobanabTa C BUTa-
muHaMu B2 um C, 3TOT mokasaTenb COCTaBAN
80 %, a B KOHTpONbHOI rpynme — Bcero 20 %.
B TpeTbeil ONBITHON IpyIIe, IJe MBI IONY-
Yyanu ¢ KopMoM npenapaTr Betopon-E, BbKUBa-
eMOCTb JTAOOpPAaTOPHBIX >KMBOTHBIX ObI/Ia HUXe,
4yeM B IIEPBBIX [IBYX ONBITHBIX IPyNIax, MOIY-
YaBIIMX KOMILIEKCHI JKene3a u Kobanbra (40 %)
(pucynox 4).

O6cyxpaenne
MHorue paguonpoTeKTOPhl OKa3bIBaeT 3Ha-
4yTe/IbHOE MTOO0YHOE JIeVICTBHE, KaK HAIlpUMep,

tabenpHbIil Tpemapat b-190°, o6mamarourumi
pAJOM 3HAYMTENbHBIX MOO0YHBIX 3(pPeKTOoB
U IHOI9TOMY PEKOMEHIOBAaH [l INPUMEHEHMS
TOTBKO NMPAKTUYECKU 3XOPOBBIM oM. Kom-
IIEKCHbIE COefiMHeHNUsI OMOMeTaanoB C BUTa-
MUHaMI COfIEP>KaT B CBOEM COCTaBe BUTAMIHBI
U MUKPO3JIeMeHThl. Takoil cocTaB ompefenser
TOT (pakT, YTO OHYM 3HAUYUTETBHO MeHee TOK-
CUYHBI, YeM IpUMeHsieMble B HAaCTOsIee BpeMs
pPafMallMOHHO 3allWTHBIE CpefcTBa. Bura-
MUHBI, BXOAALINE B COCTaB KOMIIIEKCHBIX
COeNMHEHMII, B YAaCTHOCTH, aCKOpOMHOBas
KICTIOTa, BBeJjeHHas Iepel Y-obnydeHuem,
IpefoTBpaljaeT XPOMOCOMHbBIE HOBPEXTEHNA
B KJIeTKaX KOCTHOTO MO3ra, 3aljuuias Jn-
HNUJHbIe MeMOpPaHBI 1 6€/IKM OT OKMCIUTETHHOTO
moBpexxenus [25-27].

B Hameir paboTe M3ydeHue pajMaliOHHO 3a-
IUTHOM 3¢ PeKTUBHOCTY KOMIIJIEKCHBIX IIperna-
paToB Xene3a u Kobanbra ¢ BuTaMnuamu Bs, B2
u C nmpoBogM/IN Ha OCHOBAHUM COIOCTaBIEHNS
HOTYyYEeHHBIX MAaHHBIX IO TEYEHWIO U MCXOAY
OCTpOJIT /1y4eBOil 0ONE3HM Y KOHTPONBHON U
OIIBITHBIX TPYIIII MBIIIel B Te4eHNUeE TPeX 9TAIOB
sKcmepuMeHTa. IIpm 3TOM yuuTHIBaAM O0OILIe-
NpUHATBIE KIMHUYECKNe IoKasarenn: obiiee
COCTOSIHME ¥ IOBeJeHMe MBbIIIell, COCTOsAHMe
KOV, OPTaHOB JIbIXaHM Y NNIeBapeHM .

3 B-190 oTHOCUTCA K anbda-apeHOMUMETHKAM IIPAMOro feiicTBrst. OKasplBaeT pago3auTHbI 3¢ deKT u nme-
eT 60JIbIIyI0 IMPOTY TepaneBTrdeckoro perictuA. URL: https://www.vidal.ru/drugs/b-190__30004 (zaTa o6pare-

Hus: 08.07.2024).

BecTHuK Borick PXB 3awutbl. 2024. Tom 8. N2 4

SNOdVIM dVITONN WOY4d NOILDI1Odd ANV ALI4VS NOILVIAVY

EUXKAdO OJIOHdITE 10O VLUTVE N 91.D0HDVUOEI9d BYHHOUTNYUT Vd

329



PAOVNALUNOHHAA BE3OIMACHOCTb N 3ALLUNTA OT AAEPHOIO OPYXWUA

RADIATION SAFETY AND PROTECTION FROM NUCLEAR WEAPONS

330

Keb6eu, H.M., Kebeu, A.I., Mpuropenos A.
Kebets N.M., Kebets A.P., Prigorelov G.A.

B ombITHBIX rpynnax, ocobeHHO 2 u 3, rme
JKMBOTHBIE IIO/Ty4aay KOMIITIEKCHOE COeIHEH e
ko6anpra(Il) ¢ BuTammuamu B2 u C u sxenesa(Il)
¢ ButammuHamu Bs u C, knnHMYecKue Npu3Haku
OCTPOTo0 Ty4eBOro MOpakeHNd, a UMEeHHO, TOII-
HOTA, pBOTa, apTepuaabHasA I’UIOTOHNUA, Auapes,
He TaK pe3KO MPOABISAINUCh IO CPaBHEHUIO C
KOHTPOJIBHOJ I'PYIIION.

PesynbpTaTel  sKCIepuUMeHTa  CBUJETENb-
CTBYIOT O TOM, 4TO Hanbonpumnit a¢pdexr mo 3a-
HIMTe )KMBBIX OPTaHM3MOB OT raMMa-U3Ty4eHU
JaeT IpueM IpernapaTa KOMIIJIEKca JKelesa ¢ BU-
TaMuHOM Bs5 1 ackop6unoBoit kucnoroi (100 %
BBIKMBA€MOCTD) B CpPaBHEHUY C KOMIIJIEKCOM KO-
6anbra (80 %).

BpxMBaeMOCTb Mbllleil B TpyIlIe, IONY-
yaBIlell ¢ KopMoM Ipenapar BeropoH-E, co-
craBuna scero 40 %. 9To rOBOPUT O TOM, 4TO
KOMIIJIEKCHBbIE COeIMHEHU s, COCTOAILMe U3 MU-
KpO9/IleMeHTa U BUTAMUHOB, 00mafaioT 6omee
BBIPa)KEHHBIM pafiallMOHHO 3aIUUTHBIM [eli-
CTBMEM, 4YeM OTOT Ipenapar, COfep>Kaliuil B
CBOEM COCTaBe TOJIbKO BUTAMUHBI.

M3yuyeHHble HaMM KOMIIIEKCHBIE COefU-
HeHUA KoOanpra u >kenesa ¢ sutamuaamu C, B2
u Bs, no-BuguMomy, 06/1ajaloT CBOMICTBAMY pa-
AVIOTIPOTEKTOPOB, MOBBIIIAA HeCHenuPUIecKyo

PE3MCTEHTHOCTD OPraHM3Ma K MOHU3UPYIOLIEMY
nsnydeHno. OHM MOIYT MCIONIb30BaThCA KakK
IpM yrpose ANepPHOTO B3pbIBa, TaK U Iepe] BbI-
XO0JZI0OM Ha MECTHOCTD, 3apa>keHHYI0 IIPOXYKTaMU
sApepHoro B3ppiBa. KpoMe Toro, nx MoXHO Ipu-
MEHATh KaK MHAMBUAYAIbHO, TaK ¥ B COCTaBe
peLenTyp COBMECTHO C APYTMMH pafguo3alNUT-
HBIMI CpeJCTBAMIL.

BriBogbr

1. YcTaHOB/IEHO, 9YTO BBIXKMBAEMOCTD MBIIIET],
HOJTy4aBUINX KOMIUIEKCHOE COeJJMHEeHME JKele3a
¢ BurtaMuHamu, cocrasuiaa 100 %, B To Bpems
KaK BBDKMBAeMOCTb MBbIIIEN, ITONTYy4YaBIINX CO-
enuHeHne Kobanbra, — 80 %, a mpenapar Bero-
poH-E - Bcero 40 %.

2. Ha ocHoBaHuu HabniofeHunit 3a ¢usmo-
JIOTMYEeCKMMM IOKa3aTeIAMU >XMBOTHBIX, KOM-
IUIEKCHBIE COeNMHEHN s C BUTAaMMHAMMU JKejle3a I
KoOanpTa He BBI3BIBaNIM TOKCHYeCKOTO 3ddekTa
u oOmajanyu BBIPaKEHHBIM pPafMO3aLIUTHBIM
IeliCTBUEM.

3. KommiekcHoe coefuHeHNe Kenesa ¢ MaH-
TOTEHOBOIl ¥ ACKOPOWHOBOI KUCIOTaMM, Kak
Hanbonee 3d¢eKTUBHOE, MOXXHO IPUMEHSATH
KaK MHJVMBUAYATbHO, TaK U COBMECTHO B APY-
TUMU PafMaI[MOHHO 3aIIUTHBIMU CPE[CTBAMI.

Ozpanuuenus uccneooéanus / Limitations of the study

B maHHOII cTaTbe IpUBeEHBI PEe3y/IbTATHI IKCIIEPUMEHTAIPHOTO MCCIELOBAHNUS HA TA00PATOPHBIX XUBOT-
HBIX KOMIUIEKCHBIX CO€JVIHEHNIT KaK II€PCHEKTUBHBIX PaJyOIPOTEKTOPOB, KOTOPbIE 3AILINIIAIOT >KIBbIE Opra-
HU3MBI IPM OCTPOM JTy4EeBOM MOpa’kKeHNU. B fanmbpHelieM BO3SMOXKHO M3y4YeHNe JEVICTBUA STUX KOMIUIEKCHBIX
COeIMHEHMIT He TOJIbKO 10 BO3/eIICTBIU S IOHU3UPYIOLIETO M3y YeH s, HO 1 octe. Kpome Toro, /s npuMeHeHMst
9TUX KOMIIJIEKCOB B Ka4eCTBE PAfNONIPOTEKTOPOB He0OX0AMMO Gortee jeTabHble NCCIETOBAHMS X BIVMSIHIS Ha
JKUBBIE OPTaHM3MBbI, @ TAK)Ke CPaBHITEIbHbIE MCCIEJOBAHNS C TaOeTbHBIMY PaJM03AIUTHBIMY IIperapaTaMIi,
HanpuMep, uyucramuHoM 1 b-190. ABTopaMu He GBI M3y4eH MeXaHU3M JeICTBUs KOMIITIEKCHBIX COJUHEHUI B
KauecTBe PafMO3al[UTHBIX CPeACTB. MOXXHO TO/IBKO MPEAMONAraTh, YTO OH OCHOBAH Ha MX CIOCOOHOCTM CBSI3BI-
BaTb CBOOOJHBIE PAJVIKA/IBL, @ TAK)KE Ha AHTUTUIIOKCUIECKIX CBOMCTBAX 9TUX COENVMHEHNIT, KOTOPBIMU OHU 06-
napalor / This article presents the results of experimental studies of complex compounds. In these studies, they are
treated as promising radioprotective agents in case of acute radiation damage of living beings. The tests have been
conducted on laboratory mice. Hereinafter, these compounds can be studied both before and after ionizing emission
exposure. Besides, to use these compounds as radioprotectors one should conduct more detailed studies of their
impact on living beings, as well as comparative studies that should involve common radioprotective agents such as
cystamine and B-190. The authors of this paper have not analyzed the way of functioning of complex compounds
as radioprotective agents. They can only suppose that it should be based on their ability to bind free radicals and on
their antihypoxic properties.

Cnucox ucmounuxoé / References

1. PoxxgectBenckmit JIM. PaspaboTka NPOTUBOYYEBbIX CPEICTB B Poccunm Kak 0cHOBa MEIMIIMHCKOTO obe-
CIledeHNsl PA3TMYHBIX CIIEHAPIEB PaUAlIOHHOTO BO3/JECTBII Ha denoBeka. CocmosiHue u nepcnekmusot paspa-
6omKu MEOUUUHCKUX CPEOCINE 3aL4UIMbL 01 NOPANAIOULUX PAKIMOPOS PAOUAUUOHHOL, XUMUUECKOT U 6LU0N02UHecKOl
npupoObL: Mamepuanvl KoH@pepeHyuu, nocésulerHoil 50-nemuto Hayuno-uccnedosamenvckozo UcnvimamenvHo2o yeH-
mpa (meduko-6uonoeuueckoii saugumot), Canxm-Ilemep6ype, 18-19 cenmsbps 2019 200a. Cankr-Ilerepbypr. 2019;
C. 30-7. EDN OZHCPY.

Rozhdestvensky LM. Development of radiation protection agents in Russia as a basis for medical support
of various scenarios of radiation exposure to humans. Status and prospects of development of medical means of

Journal of NBC Protection Corps. 2024. V. 8. No 4



PaaunaumnoHHO 3aUUTHbIE CPeCTBA HAa OCHOBE KOMIJIEKCHbIX coeAuHeHuni 3d-MeTasI0B C BUTaMUHAMM...
Radioprotective Agents Based on Complex Compounds of 3d Metals with Vitamins and Aminoacids

protection against damaging factors of radiation, chemical and biological nature. Proceedings of the conference
dedicated to the 50th anniversary of the Research and Testing Center (medical and biological protection), St. Petersburg,
September 18-19, 2019. St. Petersburg. 2019; P. 30-37. EDN OZHCPY. (in Russian).

2. Bragumupos BI, Yenyp CB, Kpacunpuukos VI, Opaues VIC, Illaposa JIA. Paduosaujumnuiii appexm u
usvicKkamue Ho8bix paduonpomexmopos. Monozpagus. Cankr-Ilerep6ypr: CrienJInt; 2019. 358 c.

Vladimirov VG, Chepur SV, Krasilnikov IS, Drachev LA, Sharova LA. The Radioprotective effect and news
protective agent finding. Monograph. St-Peterburg: SpecLit; 2019. 358 p. (in Russian).

3. Keben AIl, Keberr HM. ®AB Ha ocHO8e KOMNIEKCHBIX cOeduHeHULl Memannos ¢ sumamunamu, TAMK u ux
npouseooHvimu. Monoepagus. Koctpoma: BA PXB3; 2012. 207 c.

Kebets AP, Kebets NM. Physiologically active compounds (PAC) based on the complex compounds of the metals
with vitamins, GABA and their derivatives. Monograph. Kostroma: MA of NBC Defence; 2012. 207 p. (in Russian).

4. Khade BC, Deore PM. Studies on metal complexes of some non-essential amino acids with copper(II).
International Journal of Universal Science and Technology. 2018;3(1):47-51.

5. Kaguposa IIIA, PassokoBa CP, 3usieB AA. CunTe3 11 McciefioBaHMe KOMIUIEKCOB 3d-MeTajIoB ¢ IpOU3BO-
ITHBIM OKCaJua3onnHa MeTogamMu creKtpockonun. Universum: xumusi u 6uonoeust. 2019;5:38-42.

Kadirova ShA, Razzokova SR, Ziyaev AA. Synthesis and investigation of complexes of 3d metals with an
oxadiazoline derivative by spectroscopy methodsto Universum: chemistry and biology. 2019;5:38-42 (in Russian).

6. Keberr HM, Keb6en AII, Boicouxuit CB. Kommtekcoobpasyroiue cCBOMCTBA Y-aMIHOMAC/ISTHON KIUCTIOTHI
u ee IpousBOfHBIX. B: CO. cmameii Beepoc. nayuno-memood. kond. «AxmyanvHole npobnemvt npenodasanus marme-
Mamud. U ecrmecmeeHHo-Hayy. OUCUUNIIUH 8 00pA306am. opearuday,. evicuieeo oopasosanus» BA PXb3, Koctpoma;
2020. C. 394-8.

Kebets NM, Kebets AP, Vysotsky SV. Complexing properties of y-aminobutyric acid and its derivatives. In:
Collection of articles All-Russian scientific method. conf. “Actual problems of teaching mathematics. and natural
sciences. disciplines in education. the organizer. higher education” VA RKhBZ, Kostroma; 2020. P. 394-8 (in Russian).

7. Stamford JA, Isaac D, Hicks CA, Ward MA, Osborn DJ, "Neill MJ. Ascorbic acid is neuroprotective against
global in striatum but not hippocampus: histological and voltammetric data. Brain Research. 1999;835:229-40.

8. leBuc M, Octun [, Marpumx [. Bumamun C. Xumust u 6uoxumus. M.: Mup; 1999. 176 c.

Davis M, Austin D, Patridge D. Vitamin C. Chemistry and biochemistry. Moscow: Mir; 1999. 176 p. (in Russian).

9. Seib PA, Tolbert BM. Ascorbic acid: Chemistry, Metabolism and Uses. Advances in Chemistry Series 200.
American Chemistry Society, Washington, DC; 1989. P. 395-497.

10. Vaxman F, Olender S, Lambert A, Nisand G, Aprahamian M, Bruch JF, et al. Effect of Pantothenic
acid and ascorbic acid supplementation on human skin wound healing process. European Surgical Research.
1995;27(3):158-66.
https://doi.org/10.1159/000129395

11. Slyshenkov VS, Omelyanchik SN, Moiseenok AG, Trebukhina RV, Wojtczak L. Pantothenol protects rats
against some deleterious effects of gamma radiation. Free Radical Biology and Medicine. 1998;24(6):894-99.
https://doi.org/10.1016/s0891-5849(97)00378-x

12. Mouceenok AT, Konenesuu BM, Illeit6ak BM, I'ypuroBud BA. IIpoussodcmeo nanmomeHo80ti KUCAOMbl.
Munck: Hayka u Texnuxa; 1989. C. 46-9.

Moiseenok AG, Kopelevich VM, Sheibak VM, Gurinovich VA. Production of pantothenic acid. Minsk: Science
and technology; 1989. P. 46-9 (in Russian).

13. Corinti D, Chiavarino B, Scuderi D, Fraschetti C, Filippi A, Fornarini S, et al. Molecular properties of bare
and microhydrated vitamin B5-calcium complexes. International Journal of Molecular Sciences. 2021;22(2):692-710.
https://doi.org/10.3390/ijms22020692

14. Euler H, Karrer P, Malmberg M, Schopp K, Benz F, Becker B, et al. Synthese des lactoflavins (Vitamin B2)
und anderer flavine. Helvetica Chimica Acta. 2004;18(1):522-35.
https://doi.org/10.1002/hlca.19350180170

15. Wade TD, Fritchie CJ. The Crystal Structure of a Riboflavin — Metal Complex. Riboflavin Silver Perchlorate
Hemihydrate. ] Biol Chem. 1973;248(7):2337-43.

16. Foye WF, Lange NE. Metal chelates of riboflavin. ] Amer Chem Soc. 1954;76(8):2199-201.

17. Booher L. Chemical Aspects of Riboflavin. ] Med Ass. 1938;110(14):1105-11.

18. Keber AII, Ke6eryt HM. IlepcrekTBBI IpUMeHEHN I KOMIIIEKCOB 61IOMeTaIoB ¢ pu6o¢IaBUHOM ¥ raM-
Ma-aMMHOMACHOM. AKmyanvHble npoonembl HAYKU 6 AzPONPoMblULTIeHHOM Komniiekce. Mamepuanvt 57 me#oyHap.
Hayu.-npakm. koHgepernyuu. T. 3. Koctpoma; 2006. C. 58-61.

Kebets AP, Kebets NM. Prospects of the application of biometal complexes with riboflavin and gamma-
aminobutyric acid. Actual issues of science in agro-industrial complex. Materials of the 57th international scientific
and practical conference. V. 3. Kostroma; 2006. P. 58-61 (in Russian).

19. 3omotHunkas PII. Memodv eemamonozuueckux uccnedosanuti. JlabopamopHovie memoovi UCCre008aHUS.
M.: Meguiinna; 2012. C. 106-48.

BecTHuK Borick PXB 3awutbl. 2024. Tom 8. N2 4

SNOdVIAM d4VITONN WOY4d NOILDI1O0dd ANV ALI4dVS NOILVIAVY

EUXKAdO OJIOHdITE 10O VLUTVE N 91.D0HDVUOEI9d BYHHOUTNYUT Vd

331



PAOVNALUNOHHAA BE3OIMACHOCTb N 3ALLUNTA OT AAEPHOIO OPYXWUA

332

RADIATION SAFETY AND PROTECTION FROM NUCLEAR WEAPONS

Keb6eu, H.M., Kebeu, A.I., Mpuropenos A.
Kebets N.M., Kebets A.P., Prigorelov G.A.

Zolotnitskaya RP. Methods of hematological research. Laboratory research methods. Moscow: Medicine; 2012.
P. 106-48 (in Russian).

20. bonppipes AA, Creonuuckuit CJI, ®epoposa TH. KapHo3uH: sHZOTeHHBIIT HU3NOIOTNYECKUIT KOPPeK-
TOp aKTMBHOCTU aHTMOKCUIAHTHOI CUCTeMbI OpraHuama. Yenexu gusuonozuueckux Hayx. 2007;38(3):57-71.

Boldyrev AA, Stvolinsky SL, Fedorova TN. Carnosine: Endogenous Physiological Corrector of the antioxidant
System Activity. Journal of Successes of Physiological Sciences. 2007;38(3);57-71 (in Russian).

21. Bacun MB, Ymakos VIb. PagnoMonyIsaToOpsl KaK CpeficTBa OMOIOrM4eCcKoll 3al{UThl OT OKVC/IUTETBHOTO
cTpecca py BO3AEIICTBIY MOHUSUPYIOIIell paguannn. Ycnexu cospemernoii 6uonozuu. 2020;140(1):3-18.
https://doi.org/10.31857/S0042132420010081

Vasin MV, Ushakov IB. Radiomodulators as agents of biological protection against oxidative stress under the
influence of ionizing radiation. Advances in modern biology. 2020;140(1):3-18 (in Russian).
https://doi.org/10.31857/5S0042132420010081

22. PoxpectBenckuit JIM. PaspaboTka mpoTHBOMYYeBBIX CPeAcTB B Poccuy Kak OCHOBA MEIVIIVIHCKOTO
obecrieyeHN s pa3/IMYHbBIX CLIEHAPYIEB PaJUAllIOHHOTO BO3[elICTBIUA Ha YenoBeKa. B: Cocmosanue u nepcnekmueot
paspabomiuy MeOUUUHCKUX CPEOCTNE 3auiUmbl OM NOPANCAIOULUX PaKMOPOs padUayUOHHOL, XUMUHECKOLl U 6U0I02U-
weckoil npupoowt. 2019. C. 30-7.

Rozhdestvensky LM. Development of anti-radiation agents in Russia as a basis for medical support of various
scenarios of radiation exposure to humans. In: The state and prospects of the development of medical means of
protection against damaging factors of radiation, chemical and biological nature. 2019. P. 30-7 (in Russian).

23. I'pebentok AH, Jleresa BJ, TapymoB PA. PaguoMuTuraTopbl: epcreKTUBBI UCIIOIb30BaHNUs B CUCTEME
MeJVIIMHCKO IPOTUBOPAMALIOHHON 3auThl. BoenHo-medunyunckuti xypran. 2014;335(6):39-43.
https://doi.org/10.17816/RMM] 74184

Grebenyuk AN, Legeza VI, Tarumov RA. Radiomitigators: prospects for use in the medical radiation
protection system. Military Medical Journal. 2014;335(6):39-43 (in Russian).
https://doi.org/10.17816/RMM] 74184

24. Alibakhsh Kasaeian, Seyed Mohsen Hosseini, Mojgan Sheikhpour, Omid Mahian, Wei-Mon Yan, Somchai
Wongwises. Applications of eco-friendly refrigerants and nanorefrigerants: A review. Renewable and Sustainable
Energy Reviews. 2018;96:91-99.
https://doi.org/10.1016/j.rser.2018.07.033

25. Obrador E, Salvador R, Villaescusa JI, Soriano JM, Estrela JM, Montoro A. Radioprotection and
Radiomitigation: From the Bench to Clinical Practice. Biomedicines. 2020;8(11):461.
https://doi.org/10.3390/biomedicines8110461

26. Mortazavi SMJ, Sharif-Zadeh S, Mozdarani H, Foadi M, Haghani M, Sabet E. Future role of vitamin C
in radiation mitigation and its possible applications in manned deep space missions: survival study and the
measurement of cell viability. Phys Med. 2014;30:e97.
https://doi.org/10.7508/ijrr.2015.01.007

27. Sato T, Kinoshita M, Yamamoto T, Ito M, Nishida T, Takeuchi M, et al. Treatment of irradiated mice with
high-dose ascorbic acid reduced lethality. PLoS One. 2015;10(2):¢0117020.
https://doi.org/10.1371/journal.pone.0117020

Bknao asmopos / Authors cjntributions

Bce aBTOpBI OATBEPKAAIOT COOTBETCTBYE CBOero aBTopcTBa Kpurepuam ICMJE. Hanbonpumit Bk1az pac-
upegenen creyomuM oopasom: H.M. Kebelr — m1annpoBaHue 1 Hay4HOe PYKOBOJCTBO 9KCIIEPYMEHTOM, COOp U
aHa/IM3 JAHHBIX HAyYHOJ JIMTEPATyphl, HAIlMCAHNE TEKCTa PYKOINUCH, paboTa ¢ TaOMMYHBIMU JaHHBIMM; aHA/IN3
CPaBHUTETIbHOI AMHAMUKY [OKa3aTesleil Iepepacipee/IMTe/IbHbIX CABUTOB B KapTUHe KPOBM, IPU3HAKOB IIPsi-
MOTO paiMal[IOHHOTO MOBPEeXAeHNA MMM(OUIHON ¥ KpOBETBOPHOI TKaHM, PeaKIUI COCYAVICTOI ¥ HepBHOI C-
crem; A.II. KeGely - rraHupoBaHue 1 Hay YHOE PyKOBOZCTBO 9KCIIEPUMEHTOM, GOpMIUPOBAHIE KOHIIEIIIN CTATh,
KPUTUYECKMIT epecMOTP 1 KOPPEKIIVA TeKCTa PYKOINCH; IOy YeHMe SKCIIepYMEHTaIbHbIX JAHHBIX [0 TeYEHUIO
M MICXOAY OCTPOII Ty4eBOil O0/Ie3HN Y KOHTPOMBHBIX 1 OMBITHBIX rpynn Mbiuieit [LA. Ilpuropenos — xoppexius
TEKCTa PYKOIINCH, OKOHYATe/IbHOE yTBEpxKAeHue pykonucy st nybnukanuu / All authors confirm that they meet
the International Committee of Medical Journal Editors (ICMJE) criteria for authorship. The most significant
contributions are as follows. N.M. Kebets has planned the experiment and has acted as an academic advisor, has
collected and analyzed the data, retrieved from academic sources, has written the text of the paper, has compiled
the tables; has made a comparative analysis of changes in values of redistributive shifts in blood samples. Also has
conducted a comparative analysis of direct radiation damage signs for lymphoid and blood forming tissues and
compared the reactions of vascular and nervous systems to such damages A.P. Kebets has planned the experiment
and has acted as an academic advisor, has formulated the concept of the study, has made a recension for the text, has
made necessary amendments to the paper, has obtained the experimental data, regarding the development and the

Journal of NBC Protection Corps. 2024. V. 8. No 4



PaaunaumnoHHO 3aUUTHbIE CPeCTBA HAa OCHOBE KOMIJIEKCHbIX coeAuHeHuni 3d-MeTasI0B C BUTaMUHAMM...
Radioprotective Agents Based on Complex Compounds of 3d Metals with Vitamins and Aminoacids

outcomes of acute radiation syndrome in test and experimental groups of mice. G.A. Prigorelov has made necessary
amendments to the paper, has approved a final version of the article for publication.

Cesedenus o peuensuposanuu / Peer review information

CraTbs mpola ZByCTOPOHHee aHOHMMHOE «CTIeI0e» pelieH3MPOBaHe JBYMsI pelleH3eHTaM, CIIeIaIncTa-
MU B JaHHOIT o6mactu. PereHsnu HaxopsaTcs B pefakuuu xxypHana u 8 PTHITe / The article has been doubleblind
peer reviewed by two experts in the respective field. Peer reviews are available from the Editorial Board and from
Russian Science Citation Index database.

06 asmopax / Authors
DepepanpHOe rOCyJapCTBEHHOE Ka3eHHOe BOGHHOE 00pa3oBaTeIbHOE YUpPEXJeHNe BBICIIEro 00pa3oBaHMA
«BoeHHas akaileMus pagyMalIOHHOI, XUMITYeCKOIt ¥ 61omorndeckoit samuTel iMenu Mapurana Coserckoro Corosa
C.K. Tumourenxo (r. Koctpoma)» MunuctepcrBa o6oponsr Poccuiickoit @enepannn. 156015, Poccnitckas Penepa-
nus, r. Kocrpoma, yi. Topbkoro, f1. 16.
Kebey, Hunano Mancypoena, fi-p 61on. Hayk, mpogeccop.
Kebey, Anexcandp Ilasnosuy, o-p c/x HayK, mpodeccop.
IIpuzopenos I'entaduil Anexceesut, KaHJ. XVIM. HayK, IOLICHT.
Konumaxmmuas undopmayus ons écex asmopos: varhbz@mil.ru
Konumaxmmnoe nuno: Kebery Hunanp Mancypossa; varhbz@mil.ru

Nuclear Biological Chemical Defence Military Academy Named after Marshal of the Soviet Union
S.K. Timoshenko (Kostroma) of the Ministry of Defence of the Russian Federation. Gorkogo Street, 16, Kostroma
156015, Russian Federation.
Ninel M. Kebets, Dr Sci. (Biol.), Professor.
Alexander P. Kebets, Dr Sci. (Agricult.), Professor.
Gennadiy A. Prigorelov, Cand. Sci. (Chem.), Associate Professor.
Contact information for all authors: varhbz@mil.ru
Contact person: Ninel M. Kebets: varhbz@mil.ru

BecTHuK Borick PXB 3awutbl. 2024. Tom 8. N2 4

SNOdVIAM d4VITONN WOY4d NOILDI1O0dd ANV ALI4dVS NOILVIAVY

EUXKAdO OJIOHdITE 10O VLUTVE N 91.D0HDVUOEI9d BYHHOUTNYUT Vd

333



