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EUROPEAN APPLIED SCIENCES

Mathematical modeling of oxygen effect under irradiation of cell DNA
with X-rays or gamma radiation

Abstract: Oxygen effect is a one of the most famous and important radiobiological effects. There is a large number of experimental
data reflecting one or another aspect of this effect now. However, there is not yet developed a convincing mathematical model
of the oxygen effect. Thus, the creation of a mathematical model of the oxygen effect is an important step in the study of this
phenomenon (effect). t should immediately be noted that the degree of oxygen effect depends on the type of radiation used in the
irradiation, and this is due to the fact that the mechanisms of radiation damage vary considerably for different types of radiation.
Also significantly different mechanisms of this effect are in vivo and vitro. The oxygen effect is the most strongly manifested in
the irradiation of biological objects by X-ray or gamma radiation, which is the reason for this phenomenon was modeling for
the above types of radiation. The purpose of the modeling in submitted study is to determine the character of the functional
dependence of the number of DNA radiation breaks on the radiation dose and on the oxygen concentration in the irradiated
medium containing living eukaryotic cells. Obtained in modeling results allow to propose a mathematical model of the oxygen
effect, based on the known experimental data concerning nature of the oxygen effect.

Keywords: X-ray and gamma-radiation, oxygen effect, eukaryotic cells, radiative DNA breaks.

MaTemaTnueckoe mogenmpoBaHue KucnopogHoro s¢pdexra
npy o6ny4YeHUMN KNETOK peHTreHOBCKMM WM raMmMa usny4yeHmem

Awnnoramma: KuciopopnHsiit 3¢ ekt — 310 ogyH 13 Hanb0/ee M3BECTHBIX ¥ BAXKHBIX pagnobuonormaeckix s¢¢exro. B Hacto-
sililee BpeMsl HAKOIUIEHO GO/IbIIOe KOMMYECTBO SKCIIEPVMMEHTa/IBHBIX JaHHbIX, OTPAXAIOLIVX Te JUIV VIHBIE CTOPOHBI 3TOTO 3¢-
(exra. BmecTe ¢ TeM BCe ele He paspaboTaHa yOemuTenbHAs MaTEMATIIECKasi MOLE/b KUCIOPORHOro s dekra. Takum 06pasom,
CO3JaHye MaTeMaTIIecKOil MOfe/ KMCIIOPOJHOro a¢deKra mpeAcTapisAeT cO60i BOXHBIA MIar Ha IIyTH UCCIEHOBAHMA ITOTO
ssnenus (3¢ dexra). CnenyeT cpasy OTMETHTD, ITO CTEIEHb BHIPOKEHHOCTH KUCIOPORHOTO 3¢ ¢eKTa 3aBUCHT OT BUA V3/TyIeHNs,
JVICTIO/B3yeMOT0 TIpY 06Ty e, ¥ 3TO CBA32HO C TeM, ITO [/IA Pa3HbIX BIAOB M3/TydeHsA MEXaH3MbI Pafyal{IOHHEIX TTOBPEX/e-
HIIJA CYILIieCTBEHHO pasmrdaiorcs. KpoMe TOro, CylecTBEHHO pas/midaloTcs MeXaHu3MbI 3Toro adekTa in vivo u vitro. Kucnopog-
HbIi1 3¢ dexT HanboIee CYIBHO MPOSIB/IAETCS MPY 0O/TyIeHY GHOIOrMIecKIX 06 BEKTOB PEHTTEHOBCKVIM VIV TAMMA U3/TyYEHNEM,
4eM ¥ 06YC/IOBIeHO MOBE/IPOBAHYie STOTO ABIEHN VMEHHO [UIA BhIIIeyKa3aHHbIX BUAOB m3mydeHuit. Llensio MopempoBaHys
B HACTOsAIeil paboTe sAB/IAETCS ONpefeNeHNe XapakTepa (QyHKIVIOHAa/IbHO 3aBMCYMOCTH YVC/Ia PafALIOHHBIX PasphIBOB
JHK oT 50351 M3/Ty4eH s ¥ OT KOHIIEHTPALM KIICTIOPOAa B 00/IyJaeMoii cpefie, COfepKaliieil )XMBbIe 9YKapyOTINIeCKye KIeTKIL
ITonmy4eHHbIe PV MOREMVMPOBAHMY Pe3y/IBTATHI IO3BOJIAIOT MPEM/IOKITE MATeMATIIECKYI0 MOfeNb KICIOPORHOro adexra,
OCHOBaHHYIO Ha M3BeCTHBIX 9KCIIEPYMEHTA/IbHBIX JAHHBIX O CYILHOCTV KMCIOPORHOTo 3¢ dexra.

KmioueBBIe cIOBa: PEeHTIEHOBCKOE ¥I raMMa-M3/IydeHye, KIUCIOPORHbII 3¢ (deKT, syKapuoTidecKue KIETKV, pafyalyiOHHbIe
paspeiser JHK.

Kax m3BectHO [1, 2, 4], CyTh siBNeHNs, HA3bIBAEMOTO «KMCTIOPOTHBILL 3¢ deKT», COCTOUT B TOM, ITO Py 06IyIeHUN
VIOHMBUPYIOIIVIMY M3/Ty9eHusAMY 61onorndeckux 06sektosB, B vactHocTy, JHK k1eTok, s¢gdekt moBpexxpeHms sTux 06pek-
TOB TeM Gollee 3HaYMM, 9eM GOJIbIIe KICIOPOAA COREePKanoch B 06mydaemoii cpee. 1ot 3¢ dexT npossnsercs o 607b-
IIVHCTBA BUAOB MOHM3VMPYIOLMX U3TyIeHNIA. B 9acTHOCTH, /I PEHTI€HOBCKOTO WIN IaMMa M3MydeHui 3¢ (PeKTHBHOCT
TIOBPEXEHUS SAB/IAETCA MAKCUMAIBHOM [3] ¥ IIpy HOPMOKCHUY MOXXET IIPEBBIIATEH TAKOBYIO IIPY TMIIOKCUM GoTiee, 9eM B TPU

ITpwanns 3T0r0 3 eKTa M3yIeHH ¥ COCTOAT OHY B TOM, ITO IIPY 06Ty IeHNY BOSHUKAIOT OTEHIIMA/IbHBIE IOBPEX-
menus [3], B yactHOCTH, noBpexpenusa JHK kneTok. OTH moTeHIManbHbIe OBPEXAEHNA IIPY OTCY TCTBUY B3aMIMOZEICTBIA
C KMCIOPOROM MCYIE3a10T caMy 110 cefe gepe3 HekoTopoe Bpems T: (mopsapka 107 ¢) mocne o6myyenms, a mpy B3anMOopeicTBIm
C KUCTIOPOZOM «(QUKCUPYIOTCS» ¥ IPUBOMAAT K MOBPEXIEHUAM MaKPOMOJIEKYI, B Y4CTHOCTH, K MIOSIBJIEHUIO PA3PHIBOB B KIle-
togHoi [THK.

B HacTosIelt paboTe ImpepsaraeTcs MaTeMaTIecKas MOfelIb, TO3BOJIAIONIAs [PV M3BECTHHIX 3HATEHNMAX HEKOTOPBIX
[apaMeTpOB PACCYNTHIBATE 3aBYICHIMOCTD BEPOATHOCTY 00pa3oBaHus paspsiBoB B JJHK 06/1ydeHHBIX KIIETOK OT FO3BI M3IIy-
9eHVs ¥ OT KOHLEHTPaLyy KICIOPOAa B 06rygaemoit cpepe.

Bsepem o603nauennsa. ITycts D — 5o3a msmydenns; ¢, — KOHIEHTPAIMA KMCTIOPOJa B Cpefie, copepyxameir 06/myda-
eMble 00'beKTHI; 1] — KOIMYECTBO BO3HVKINVX NPV 00Myd9eHNN OTEHIMA/IbHBIX IIOBPEXAEHMIT B efuHNIe 00beMa CPenbl;
N - xonmgectBo o6pasoBaBmmxcs pa3peisoB JHK B eguauie o6sema cpepsr. CanTaeM, 9TO Be/IVYMHA 1] IPAMO MPOIOPIVO-
HansHa BenmmauHe D. Tounee, 6ygeM cantars, 410 N=KD, Ife K — HEKOTOPbIT K03 IIVEHT, BeMnIrHa KOTOPOTO 3aBUCUT
OT BUZA VI SHEPTM M3ITyIEHMA.
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JoCTaTOYHO C/IOXXHBIM BOIIPOCOM IIPY MOJE/IVPOBAHMN ABJIAETCA BOIPOC O TOM, II0YEMY ITOTEHI[Va/IbHbIE TOBPEX-
HeHVsA B3aMMOJECTBYIOT C MOJIEKY/IaMy1 KMC/IOPOJA M KaKOTO POJia 3TO B3aMMOJENCTBIE.

IoTennmanbHOe MOBPEX/EHNE, BEPOATHO, NPEACTAB/IET co60i BO3OY>KAEHHDIN yIaCTOK MaKpoMO/eKy/sl. Beren-
CTBYIE 3TOTO OHO MOXXET Y9aCTBOBATh B OPMEHTAIMOHHBIX B3aMMOJIEACTBIAX C MOJIEKY/ION KICIOPOJa.
Bmecre ¢ TeM, HeNb3s OTPULIATH ¥ BO3MOXXHOCTD YIACTHSA MOTEHIVIA/IbHBIX IOBPEX/IEHNI B MH/YKIMOHHBIX ¥ IVICIIEPCHOHHBIX
B3amMopeicTBIAX. [/Ia BCeX 3TUX B3aMMOJICACTBMIA XapaKTEPHO TO, YTO SHEPIyA STUX B3aMMOJEACTBII MIPOIOPIMOHAIbHA
BE/IVYVHE 1", e T — PACCTOSHYE MEXXAY B3aMMOAEICTBYIOLMMY OOBEKTaMI.

TakyM 06pasoM, B3aMMOJEICTBYE IOTEHIVIAIBHOTO MOBPEX/AEHMA C MOJIEKYNOi KMCTIOPOAa B BHIOPaHHBI MOMEHT
BPEMEHV MOXXET IIPOVICXOAUTD TONBKO B HEGO/BINOI IO BelumHe chepuiecKoil Wi noutn cdhepudeckoit o6macty obmydeH-
Hoii cpeppl. ITyctb V - 06Bem, a R - papuyc sToi1 obmacu.

ITockonbpKy NOTEHIMA/IbHBIE IIOBPEX/EHNS, BEPOATHO, 3a(pUKCHPOBAHBI HA IOBEPXHOCTY KaKMX-IV60 MaKpPOMOJIEKYIL,
TO B3aMIMOJEICTBYIE VX C MOJIEKY/IaMyI KVIC/IOPOfiA MOXKET IIPOVICXOAMUTD TOMBKO BCIEACTBYE Ay DY3MOHHOTO ABVDKEHNA 1, KaK
Pe3yIbTaT, BXOXK/AEHMS MO/IEKY/IBI KMCTIOPOJa B OGHY 13 BBIIIEYKa3aHHBIX o6macTei paguycoM R, cofepialiiyio noTeHIaIsHoe
NOBpEXAEHNE.

CwIBI B3aVIMOJEICTBIA MEeX/LY MOTIEKY/IaMI1 KVICTIOPOJa Vi IHBIMI MOJIEKY/IaMy Cpefbl (KpoMe NMOTEeHIVa/IbHBIX IIOBPEeX-
HeHuit), I0-BUAMMOMY, IpeHeOpeXxiMo Masisl (BO BCIKOM CTydae, ¢ TOUKY 3pEHNsI pacCMaTpUBaeMbIX IIPOLIECCOB).

Iycts Vo — MaKcuMaIbHbI 06bEM Cpensl, HaXO[ACh B KOTOPOII MOJIEKY/a KIC/IOPOAa MOXET BCTPETUTHCS U IIPOB3aIMOe-
CTBOBATb C MOTEHLVIa/IbHBIM IOBpeXpeHneM 3a BpeMs Tt Ouesupno, uto Vo =— n(uT)?, rge u - ckopocts guddysnonnoro
ABIDKEHMS MOJIEKY/IbI KMCTIOPOJA.

BribepeM OfHY MOJIEKY/Iy KUCIOpOfa 13 o6beMa Vo U OIpefe/iiM BEPOATHOCTD TOTO, ITO 3a BpeMs T 3Ta MoO/eKyIa
OKaXeTcsA B 00/1acTV B3aVIMOJENCTBIIA MOIEKY/IBI KVIC/IOPOfa M MOTeHIMaIbHOTO noBpeXxpernsa. O6bseM 06/1acTy MpocTpaH-
CTBa, B KOTOPOJ MOXXET IIPOV30IITH 5TO B3aNMOfeiicTBue, paseH MR*uT . Torga BepOATHOCTD TOTO, YTO YKa3aHHasA MOJIEKY/Ia
KVIC/IOPOfia IIPOpearupyeT ¢ MOTeHLVaIbHbIM NOBpeX/eHneM (0603HaYMM 3Ty BEPOATHOCTD P) paBHa p = -~ == .

Taxum ob6pasom, p _m .
IIycts m — 4mco MOJIEKY/I KIC/IOPOJa B o6peme V. Tormam = K Vo

BepoATHOCTB TOTO, YTO IPOM3BOIBHO BEIOPaHHAsA MOJIEKY/Ia KMCIOPOAa He IPOpearypyeT ¢ NOTEHIIaIbHBIM [IOBpe-
XKJeHVeM, paBHa 1-p. BepoATHOCTD TOT0, 9TO HY OfHa U3 MO/IEKYIL B 06beMe V) He IIPOpearyipyeT ¢ NOTeHIMaTbHBIM IOBPeX/e-
HeM, paBHa (1-p)™. Torfga BeposATHOCTD TpaHC(HOPMALVV OTEHIMAIbHOTO IOBPEX/eHNsA B Pa3psiB paBHa 1-(1-p)™. O6o3Ha-
9MM 3Ty BEPOATHOCTS Py, Toraa

N=n-p,=n-(1-(1-p)=) = xD - (1-(1-p) Vo)

Takym 06pasom, nocnepHsasA GpopMyna onpenenseT komdectBo paspeioB THK B egymune o6beMa cpeast, 06mydeH-
HOJ PEeHTTeHOBCKVIM VIV TaMMa M3/TyYeHIeM B 3aBVYICMMOCTH OT O3B M3/Iy4eHNs ¥ KOHLEHTPALMy KUC/IOPOfA B CPefie.
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