[sheva_medu_mag01_CHUMBALYK_L_6RB#01]

KucHeswmii epekr
1. NowwmpeHicTb KUCHEBOro edeKTy.
2. KucHeswmit edeKT y pagiauitHO-XimiuHUX peaKuinax.
3. KoediuieHT KNCHEBOro NOCUNEHHA.

4. 3anexHictb KUCHeBOro edeKTy Bif KOHUEHTPaLii KUCHIO.

[sheva_medu_mag01 CHUMBALYK_ L _6RB#02]

KucHeBuit edpekt — ue NOCMAEHHA MPOMEHEBOr0 BPaXKEHHA MPU MiABULLEHHI KOHUEHTpALii KMUCHIO
NMOPIBHAHO 3 BPa*KEHHAM B aHaepobHMX ymoBax.

MNpuHUMN 4ii — NnepeTBOPEHHS NOTEHLiIMHO NeTa/IbHUX MNOWKOAXKEHb B JIeTaslbHi.
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3anexHictb papiovytausocri Big, Hanpy»eHHs

(piBHAHHA Anbnepa i FoBapga-PnaHaepca)

'HO - I{+m[02]
1 mE-[0,])’

rae j_-[ — J03d. BBEI3BIBANOIIAA JaHHYH CTCIICHD IIOPAKCHHA,

H 0 — 034, COOTBCTCTBYIOIIAA 3TOMY JKE ITOPaXKEHHKD B KHCIIOPOIE.

[O;] — KoHLIEHTpaHA KHCIIOPOaa B Cpee:

KUCHIO

Kuam- SMIIHPpHYECKHE KOHCTAHTEI. Benuunaa m YKa3pIBacT BO CKOJIBKO pa3 pa-
JHOYYBCTBHTSIBHOCTE B KHCIIOPOOE BRIMOIC, YCM IIPH aHOKCHH. Bemnunna K PaBHa TOH
KOHICHTPalHH KHCIOpOoda. KOoTopad COOTBCTICTBYET PAaTHOYVBCTBHTCIBHOCTH, BIBOC

MpeBhINIaMed aHOKCHYSCKHI YPOBEHb.
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[sheva_medu_mag01 CHUMBALYK L 6RB#05]
BaknumBicTb KMCHEBOro edeKTy

*  YyTAmBIiCTb KANITUH [0 Ail iOHI3y04Oro BUNPOMIHIOBAHHA HAMNPAMY 3aAeXWUTb Bif4 KOHUEHTpauii
KUCHIO

* KoediuieHT KucHeBoro nocuneHHsa (oxygen enhancement ratio, OER) — cnisBigHoweHHA 003
OMPOMIHEHHSI B OKCUIeHOBaHOMY i TFiMOKCMYHOMY CTaHax, AKi CNPUUYMHAIOTL OAHAKOBUIA
6ionoriyHni edekr:

KoegiyieHm KUCHe8020 NOCUNEeHHS =
LD, 6 ymogax cinoxcii

LD, 6 ymoeax nopmanvroi okcucenayii

Radiation dose
in hypoxia
Radiation
dose in air

Oxygen enhancement ratio =
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Survival curves for cultured mammalian

cells exposed to X-rays under oxic or hypoxic
conditions, illustrating the radiation dose-modifying
effect of oxygen. Note that the broken lines extrapolate
back to the same point on the survival axis (n = &).
OER, oxygen enhancement ratio.

[sheva_medu_mag01l_CHUMBALYK_L_6RB#06]
BnactusocTi KoedilieHTa KUCHEBOro NOCU/IEHHSA:

KoediuieHT KUCHEBOro NocMNeHHsA y cepeaHbOMY A0piBHIOE 3-3,5, Ta 3aneXUTb AK Bif, Hanpy»KeHHA O,
cepefoBuL, TaK i Bif A03m onpomiHeHHs (y Bunaaky D < 3 'p, BiH 3HMKYETbCA)

KucHeBuii edeKT npoasnaetbca, Konm O, NPUCYTHIM nigyac onpomiHeHHsA, abo 3'ABNAETLCA NPOTArom
OEKINbKOX MiNliCEKYHA NMicna ONPOMiHEHHA

[sheva_medu_mag01 CHUMBALYK_ L _6RB#07]
KoedilieHT KUCHEeBOro NOCUNEHHA 3aNeXHicTb Big pO0, :
* 3asBiacyTHocTi O, (aHokKcin), KoeodiuieHT KM gopiBHIoE 1,
*  MpupO, a0 0.15 mm.pT.cT (A0 0.02%) Maemo min paaioyyTANBICTD,

e  Hanbinbwy wenakictb 3poctaHHa KKM maemo npm p0O, 0,5 - 20 mm.pT.cT.
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Variation of oxygen enhancement ratio (OER) with oxygen partial pressure scaled linearly in (a) and

logarithmically in (b). In (a), the horizontal arrows indicate the range of physiological blood oxygen tensions on the
lower scale (to convert mmHg to kPa, multiply by 0.133). (b) Published OER values at different oxygen partial pressures
adapted from Koch et al. (1984) (closed circles) and Whillans and Hunt (1982) (open circles).

[sheva_medu_mag01 CHUMBALYK L _6RB#08]

BnactusocTi KoediuieHTa KUICHEBOrO NOCUIEHHSA (OpraHiam):

MiHimanbHa KoHUeHTpauis O, B noBiTpi (nabopaTopHi TBapuWH), NpU AKiIA Mo¥Ke iCHyBaTu
opraHiam = 5%,

MomiTHe 3HUXKEHHA PaLiovyTAMBOCTI OPraHi3mMy HACcTaE Npu 3HUXKEHHI piBHA O, A0 10%. 3a umx
YMOB MaKCMMasibHe 3HadeHHA KKIM = 2-2,5.

Ane 3axncHUM edeKT rinoKcil 3HUKYETbCA NpU TpuBanomy nepebyBaHHi opraHiamy B rinOKCUYHMX
YMOBaXx.

[sheva_medu_mag01 CHUMBALYK_L_6RB#09]

3anexHicTb KUCHeBOro edpeKTy Bia BUAY BUNPOMIHIOBAHHA

Haii6inbw BupaykeHuit — y BUNaaKy IB 3 HU3bKOK TYCTUHOW iOHi3auii (y-BUNPOMiHIOBaHHSA,
PEHTreHiBCbKi MPOMEHi),

BigcyTHIil y BMNaaKy 0-BUNPOMIiHIOBAHHS

LA BiAMIHHICTb KOpente 3i 3HayeHHAM TYCTMHW ioHi3auii (Ta niHiMHOI nepenadi eHeprii)
BMNPOMiHIOBaHb
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3aBucuMocTs KKY 0T BHA2 HOHH3HPYIOMET0 H3TyICHHA:
A - peHTreHOBCKOE, b - HelTpoHHOE (15 M3B), B - a-u3nydeHue
(2,5 MaB); I - Ha Bo3ayxe, 2 - IPH AaHOKCHH

[sheva_medu_mag01_CHUMBALYK_L_6RB#10]

3aneKHicTb KUCHeBOro edeKry Big 3HaYeHHA NiHiliHOT nepepavi eHeprii
KKY
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Koadpdpuument xucnoponHoro ycuneHus (KKY) xax ¢dpynxumsa JIIID
npu obnydyeHuu KieTok noyky yenoseka (no I'. Bapenaceny, 1966):

A — 250 kB penrreHosckoe uanyyenue, JIIND = 1,3 x3B/MKM; ® — MOHOIHEpPreTUYECKHE THA-
xeawle yactvusr, uMelowme JIITD, yxasanusie Ha ocu abcumce

[sheva_medu_mag01l CHUMBALYK_L_6RB#11]



FinoTte3un 3B’A3Ky MiX KUCHeBUM epeKTOoM i 3HAYEeHHAM NiHiNHOI Nnepepadi eHeprii

1. Y sunagKy IB 3 BMCOKOK TyCTMHOM iOHi3aLii BpaXKeHHA MilleHi € YACNEHHUMMU, TAKMM YMHOM
NMOCU/IEHHA BXe He MAE CeHCy

2. Y BunagkKy IB 3 BUCOKOIO rycTMHOMO iOHi3aL,ii BTOPUHHI NPOAYKTU pajionisy BOAU YTBOPIOOTb KUCEHD,
TAaKUM YNHOM HE MOXKHA BBAXKaTW Lii YMOBM FNOKCUYHUMM:

HO,+0OH® - H,0+0,
HO, + HO; - H,0,+0,
[sheva_medu_mag01 CHUMBALYK_L_6RB#12]
®i3nKO-XiMiUYHMIA MeXaHi3M PO3BUTKY KUCHEBOro edeKTy
AKTUBHi POpPMU KUCHIO:

® nepeKucHuii pagukan HO,'

® nepekuc BogHio H,0,,

® CcynpoKcuAaaHioH paaukan HO,'

- BOJIOAiH0Tb BUCOKOIO PeaKL,iMHO 34aTHICTIO

| Xeriobiotics —
: l \GsH  |essa
| Cyt-Paso ~—_ "

L]

Sun UVB/UVA /‘ |
Ll Plasma membrane

Oxidative stress

Generation of ROS and antioxidant defense in skin cells. Normal skin cells generate ROS such as superoxide anion (O;7) and H,0, as a result of
normal metabolism in minute concentrations. Both O;~ and H,0, may be converted to the highly reactive hydroxy! radical (OH™”) by iron (Fe* *)-catalyzed
Haber-Weiss and Fenton reactions. Similarly, reactive nitrogen species (RNS) are generated as a result of sequential reactions that begin with nitric oxide
synthase (NOS)-mediated conversion of arginine to citrulline. In this reaction, NO is generated, which reacts with O3~ to produce peroxynitrite (ONOO™).
Similarly, ROS and RNS can be formed as a result of exposure to environmental agents including chemicals (xenobiotics) and solar UVA and UVB. Many
xenobiotics are converted to toxic quinones by the family of functionally related enzymes known as cytochrome P450 (CYP). These quinones are redox-sensitive
agents and are reversibly reduced to semihydroquinonesthydroquinones, which generate O;~. Both UVA and UVB produce similar free radicals and/or singlet
oxygen ('0;) either directly following interaction with cellular components or in the presence of chemical agents known as photosensitizers. These photoactive
chemicals while in their lowest energy or ground state absorb incident radiation (including UVA/UVB), within their absorption spectrum. The energy of the
absorbed photon creates an excited state molecule, which is highly unstable under ambient conditions. In returning to the ground state, excited species transfer
energy to adjacent intracellular chemical moieties particularly molecular oxygen (O,) and thereby convert it into ROS. These ROS interact with lipid-rich
plasma membranes and initiate a reaction known as lipid peroxidation. Numerous intracellular enzymes serve to degrade these reactive species. Some of these
enzymes are specific such as SODs, which dismute O3 to H,O,, whereas others have overlapping substrate affinities such as catalase and glutathione
peroxidases, both of which can degrade H,O, to water and O but glutathione peroxidases also degrade organic peroxides to relatively non-toxic alcoholic
species. These enzymes also require GSH during the course of peroxide degradation and convert GSH into its oxidized form, which is recycled by the enzyme
glutathione reductase. Similarly, toxic quinones are converted to relatively less toxic hydroquinones by quinone reductases (QR).

[sheva_medu_mag01 CHUMBALYK_L_6RB#13]
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Biochemical pathways for the formation, detoxification and cellular effects of xenobiotic free radical intermediates and ROS. Abbreviations: Fe. iron;
GSSG, glutathione disulfide: H,O», hydrogen peroxide: H()., hydroxyl radical; NADP™, nicotinamide adenine dinucleotide phosphate: ():., superoxide; P450,
cytochromes P450 (modified from: Wells et al., Mutat. Res. 396, 65-78, 1997).

[sheva_medu_mag01_CHUMBALYK_L_6RB#14]
FinoTe3a KMcHeBOI ¢iKcau,ii :

® [lig pieto ioHi3yl04Oro BUNPOMIHIOBaHHSA GOPMYHOTbCS BiZIbHI paAuKann, fKi PyMHYIOTb XiMiyHi
38’A3KM B B6iomonekynax. dopmytoTbca pagukanu (R°), aki nerko pearyiotb 3 O,, yTBOPIOOUM
RO,’, wo nepetsoptoetbca 8 ROOH.

® ROOH —cTabinbHa MoseKyia, OTXKe NopyLeHHA B Biomonekyni Ak 6u “dikcyetbea” KucHem.

® B ymoBax rinoKCii Yac icHyBaHHA paguKkana R” 6inblunii, i 3HaYHO Binblue WaHCIB BiAHOBUTUCH A0
HOPManbHOi MoneKyau, npueaHasiumn H'.



Oxygen fixes damage:

/ R + O, — RO," — ROOH

Indirect action
OH* *_

- '\@

Direct action

2 nm

4 nm

The oxyagen fixation hypothesis. Free
radicals produced in DNA by either a direct or indirect

action of radiation can be repaired under hypoxia but
fixed in the presence of oxygen.

MH
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MexaHu3M KuciopoaHoro addexra

[sheva_medu_mag01 CHUMBALYK_ L _6RB#15]

AHTUOKCUAAHTHUIA 3aXUCT KNITUHU
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The antioxidant enzymatic defense mechanism naturally occurring in organism. CAT: catalase; GPXc: classic

(intracellular) glutathione peroxidase; GPXe: extracellular glutathione peroxidase; GSH: reduced glutathione; GSSG: oxidized
glutathione; GR: glutathione reductase; GRXs: glutaredoxins; PRXs: peroxiredoxins (thioredoxin peroxidase); PRX,:
peroxiredoxin IV; TRXs: thioredoxins; NADH/NADPH OX: nicotinamide adenine dinucleotide reduced/nicotinamide adenine
dinucleotide phosphate reduced oxidases; IR: ionizing radiation; UV: ultraviolet.

Summary of diverse sources of ROS

Endogenous sources Exogenous sources
MAD(PYH oxidase Radiations
Xanthine oxidase Pathogens

P-450 monooxygenases Metals: Fe, Cu, Zn
Lipoxygenases Xenobiotics, efc.

Cyclooxygenases, eic.

[sheva_medu_mag01 CHUMBALYK L _6RB#16]

3BOPOTHiN KUCHEBUIA ePeKT

1)

2)

Y po3BeAeHUX BOAHUX PO34YUHAX NepeBarKHO CNOCTepPiraeTbca HenpaAmMa Ais BUNPOMIHIOBAHHSA,
a 6iomoneKynu nepeBaXkHO NOLWKOAXKYIOTbCA NPOAYKTaMU paaionisy Bogu:

Y BogHUX po3unHax O, nepeBakHO B3aemogie He 3 6iomosieKynamm, a 3 paguKasamm BOAHIO
H’ Ta 3 rigpaToBaHUMM €NIEKTPOHAMM € 5 .

€ 2 BapiaHTV PO3BUTKY NOAiM:

KOAW MONEKYAN MEepeBakHO NoWKoAKyoTbca H'  Ta €. , KnceHb O, MaTume 3axXMCHMIA
(3BOpOTHIN) edeKT 3a paxyHOK iX NepexonneHHs,

KON MONIEKYIM MEpPeBaXKHO MOWKOAXYTbcA OH® , To KuceHb O, nepexonowoun HY,
3MeHLWyBaTMMe WMOBIPHiCTb X peKkombiHauii y Bogy, TOMYy CNpPUATMME NOCUNEHHIO
pagiauiifHOro NnowKoAKeHHA biomonekyn



[sheva_medu_mag01l_CHUMBALYK_L 6RB#17]

BuKopuctaHHA KUCHeBOro epeKTy B pagiotepanii nyxauH

PagioTepanito (NpomeHeBy Tepanito) BUKOPUCTOBYIOTb Y BUNAAKY NiKyBaHHA 60-70% BUNAAKiB MyX/WH.
Mpyn KopeKTHO NigibpaHoMy NiKyBaHHI MaiXKe NONOBUHA 3 HUX BUNIKOBYETbCA.

Hacborogi nepeBaskHO BUKOPUCTOBYIOTb:

AN ANCTaHTHOTO ONPOMIHEHHA PEeHTreHiBCbKi i y-anapatu (eHepria 60-100 KeB) enekTpoHHe

BUMNPOMIHIOBAHHA,

ON1A _KOHTAKTHOrO OMPOMiHIOBaHHA (3aKpUTi i BiAKPUTI AyKepena KOHTAaKTHOrO ONPOMiHEHHs) —

e/IeKTpoHHe BUNpomiHtoBaHHA (eHepria 10-30 MeB)

B 06ox BMNaAkax y AKOCTI AyKepena BUMNPOMIHIOBAHHA NepeBa)kHO BUKOPWUCTOBYIOTb PafioaKTUBHUIA
isoTon kobanbTy (*°Co)

[sheva_medu_mag01l CHUMBALYK L 6RB#18]

BpaxyBaHHA KUCHEeBOro
npu Tepanii NyXuH :

TKaHWUHM NYXAMH 3a3BMUYaM FiNOKcKYHi: pO, = 1-10 mm pT.cT. (B HOpmi 20-100 mm pT.CT.)
PapiopesncTeHTHICTb NyX/IMH 06X0AATb AeKiNbKOMA LWAAXaMMU:

1) meTogp rinepbapunyHoi oKcureHau,ii (okcubapopagiotepanii),

2) meToA, ppaKLiMHOro ONPOMIHEHHS 3 BPaxyBaHHAM PEOKCUTeHaLLil NyXANHMU,

3) BUKOPUCTaHHSA paaioceHcnbini3aTopis rinoOKCUUYHUX KNITUH,

4) BUKOPUCTaHHA BUNPOMIiHIOBaHb 3 BUCOKoto JIME (3 BiacyTHIM KMCHEBUM edeKToM)

[sheva_medu_mag01l CHUMBALYK L 6RB#19]

meToa rinepbapuuHoi okcureHauii (okcubapopagiorepanii)

edeKrty

® [lauieHT nig Yac ceaHcy pagioTepanii 3Haxo4MTbCA B 6GapoKkamepi Ta AMUXAE YUCTUM KUCHEM (TUCK

KWUCHIO 2-3 aTm.)

Uein meton € epeKTUBHUM Ana Tepanii NyX1MH roNoBK i Wwui
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[sheva_medu_mag01l CHUMBALYK_L 6RB#20]

PeokcureHauia npu ¢pakuioHoBaHOMYy ONpPoMiHeHHiI NyX1uH

Takox Npu pagiotepanii NyXJIMH BUKNUKAIOTb KUCHEBUI ePEKT LNAXOM peoKcureHauii NyxmH.
Bigomo, Wwo B nyx/nHi 61mM3bKo 10-15% KNiTUH 3HAaX0A4ATbCA B FINOKCUYHOMY CTaHi.

Mpn ONPOMIHEHHI TUHYTb NEepPeBa*KHO OKCUIeHOBAHI KAITMHW, ane nicna pagiotepanii 3 4acom
CMiBBiAHOLEHHA OKCUIeHOBaHi/riNOKCMYHI KNITUHU B MYXAUHI BiHOBMIOETbCA (33 paxyHOK peoKcureHauii
nonynaLii FiNOKCUYHNX KNITUH).

TakMmM 4YMHOM, AKLLO ONPOMIHEHHA (3 MEeBHMMM YAaCOBUMM MNPOMIXKKaMU) MOBTOPUTU AeKiNbKa
B[ECATKIB pasiB, MOXKHA 3HULLMUTU NYX/INHY LLiIKOM.

[sheva_medu_mag01l CHUMBALYK L 6RB#21]
Cxema npoBegeHHA GpPaKLiOHOBAHOTO ONPOMIHEHHSA NMYX/IUH i3 ypaXyBaHHAM peoKcureHauii

CTaHAapTHi BennumMHU dpakuin (TobTo pa3oBux A03) cknaaatoTb Big 1,8 4o 2 Tp 5 pa3 B TMKAEHDb A0
[OCATEHHA CYMMapHOi  [03un (Bigz 25 4o 70-100 Mp). Kpim 3BuuaiiHoro pexkmma
3aCTOCOBYOTb MyAbTUdPaAKLitOBaHHA (AeHHe ApobaeHHA [03M HA gekinbka ¢pakuii, aki nigsoasTb 3
iHTepBasom 4-8-12 roguH).
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Cxema npoBeneHusa GpakKmuOHMPOBAHHOIO
00Iy4YeHHs ONYyXOJIH C YIYE€TOM €€ PEOKCHUTCHaIluH

[sheva_medu_mag01l_CHUMBALYK_L_6RB#22]
Yac peoKcureHauiji
lonoBHe - BUGip ONTUMaNbHOFO Yacy MiXK ONPOMIHEHHAMM,

y cepeaHbomy ue 1-2 pobu

Hanuactilwe npmnsHayatoTb
LWOAEHHE ONPOMIHEHHSA
nyxanHu B £o3i 1.8-2.5p

5 pasiB Ha TXKAEHb
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1R 2UNOKCUNECKUX KABMIOK, Yo

OMHaMMKa peoKcUreHaLmmn skcnepmMmeHTanbHbix onyxonen (no P. TomnanHcoHy, 1970):
1-ocTeoreHHas capkoma MblLIEeN,

2- pnbpocapKkoma Kpbic,

3 — KapLUHOHOMA MOJIOYHOM Kenesbl MbiLLel;

bpaKUMa TMMOKCUYECKMX KNETOK B KaXKA0M ONyXosu cpasy nocse obaydyeHuns npunHaTa 3a 100%
[sheva_medu_mag01_CHUMBALYK_L_6RB#23]

JOunHamika peokcureHau,ii

JOunHamiKa peoKcureHau,ii KAiTMH CApKoOMM MULLI NPU ONPOMIHEHHI peHTreHiBCTKMmMM npomeHamum (10 Ip)
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[sheva_medu_mag01l CHUMBALYK_L 6RB#24]

PagioceHcnbinizaTopu rinOKCUUYHUX KNITUH:
PapioceHcubinizatopu rinOKCUMYHUX KAITUH — Le pPevyoBMHMU, AKi 3A4aTHI BMOGIpKOBO nigBuULLyBaTHU

PaAiouyTAMBICTb FiNOKCUYHUX KNITUH, HE BNIMBAOYUN HA PafioyvyT/IMBICTb HOPMAJIbHO OKCUTiHOBaHUX
KNiTUH.

MertpoHi3zagon i iioro noxigHi
(HiTPOIMiga30NbHI cNonyKn)

® Hepnonik — BUCOKA TOKCUYHICTb LMX PEYOBUH



[sheva_medu_mag01 CHUMBALYK_ L _6RB#25]
daKropu, AKi MOAYNIOIOTb KUCHEBUI edeKT
* TinoKcis (3a paxyHOK 3HUXKEeHHs Hanpy»KeHHA O, y NoBiTpi),

«  3MeHLIEHHA 34aTHOCTI remornobiHy 3B’A3yBaTM KWUCEHb 33 PaxyHOK nepesefeHHA ioHa Fe’* B
okucneHy popmy Fe** (YagHwii ras CO, amiHonponiodbeHoH)
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*  3MEeHLUEHHS KPOBOMOCTaYaHHA TKAaHWH CYANHO3BYKYIOUMMU FOPMOHAMM (aapeHaniH, CEPOTOHiIH,
rictamin)
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