KucHeBuun edekr

IomupeHicTh KHCHEBOIO edeKTy.

KucHeBuu epekT y pagiaminHo-
XiIMIYHMX peaKiisiX.

Koe(ilieHT KHCHEBOI0 MOCUJIEHHS.

3aJIesKHICTh KUCHEBOIO e(peKTy Bij
KOHIEHTPAIIl KUCHIO.
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3anexHiCTb pagiovyyTnUMBOCTI BiA
HanpyXeHHSA KNCHIO
(piBHAHHA Anbnepa i lToBapaa-dnaHpaepca)

’HD K+m[O ]
T mE+[0))

rae /I — Jo3a. BEI3BIBAIONIAA JaHHYI) CTENeHB MOPaKeHHA:

I 0 — d103a, COOTBETCTBYIOIIAA 3TOMY K€ MOPaKeHHI0 B KHCIOPOIE:

[O)] — KOHIIEHTpalHA KHCIOPOIa B CPele:

K 1 m — sMOHpHUeCKHe KOHCTAHTHL. BeTHuHHa m VKa3bIBaeT BO CKOIBKO pa3 pa-
THOYYBCTBHTEIBHOCTE B KHCIOPOJE BBINIE, 4eM IpH aHOKcHH. BennunHa K paBHa ToH
KOHIIEHTPallHH KHCIOpoJa. KOoTopad COOTBETCTBYET pPaJHOUYYBCTBHTEIBHOCTH. BIBOE
IpeBBIMIAOIISH aHOKCHUSCKHH YPOBEHbD.
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T 5 JmSO Hosza, I'p
B HOpMaJIbHBIX B YCIOBHAX
yCiaoBHAX THINNOKCHH

Kpupbie rubeny )XHBOTHBIX IPH BHEIIHEM OOINyYeHHH
PEHTI€HOBCKHM HJIH Y-H3JIy9YCHHEM B HOPMAaJBHBIX ycinoBuax (/)
M OpH ranoxcHy (2)




Ba)XJIMBICTh KHCHEBOI'O €(PEKTY 44

UyTnuBICTh KIITHH J0 JI11 10HI3YKOUOI0
BUIIPOMIHIOBAHHS HAIIPSIMY 3aJIC)KUTh
B1J KOHIIEHTpAI[li KUCHIO

KoeginmieHT KUCHEBOT0 NMOCUJICHHS
(oxygen enhancement ratio, OER) —
CITIBBIJIHOIIICHHS /103 OIIPOMIHEHHS B
OKCUT€HOBAHOMY 1 MIOKCUYHOMY
CTaHaXx, K1 CIIPUYUHAIOTHh OJJTHAKOBUI
010J10TTYHUN €(EKT:

Koeghiyienm KUCHe8020 NOCUIeHHS =

LD, 6 ymosax cinoxcii

LD, 6 ymoeax nopmanvroi oxcucenayii

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.



sac
BnacTtuBocTi oo
KoediuieHTa KUCHEBOIro NOCUIEeHHS: o

Koe@ilieHT KHCHEBOI'0 NMOCUJIEHHS Y CEPEIHBOMY
JOOPI1BHIOE 3-3,5, Ta 3aJE€XKUTh 5K Bl HanpyxeHHs O,
CEpEIOBHIII, TaK 1 B1J 031 onpoMiHeHHS (y BuImaaky D
<3 I'p, BIH 3HUXKYETHCS)

KucHeBuii epekt nposiBisieTbes, Kosi O, MPUCYTHIN M14ac
OMPOMIHEHHS, 200 3’ ABIAETHCS MPOTITOM JEKUIBKOX
MUTICEKYH/I IT1CJIsI OPOMIHEHHS



Koedili€eHT KWNCHEBOIro NOCHUAEHHS

* 3a BigcyTHOCTI O, (aHokcis), koedimient KII nopisHioe 1,

3aAE€XHICcTb Bia pO, :

e [Tpu pO, 10 0.15 mm.pT.cT (10 0.02%) Maemo MIN paTiOIyTIIMBICTS,
» Haltoutbmy mBuakicts 3poctanisa KKII maemo nipu pO, 0,5 - 20

MM.PT.CT.
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Partial pressure of oxygen (mmHg)

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).



BnacTtuBocTi KoeiuieHTa KUCHEBOIO oo

NocuneHHs (opraHiam): -

* MinimaneHa KOoHIIEHTpamis O, B MOBITPI
(J1TabOpaTOpH1 TBAPHH), IIPH K1 MOKE 1ICHYBaTH
opraHizMm = 5%,

* IloMiTHE 3HMKEHHS paAl09yTIAUBOCT]I OPraHI3MY

HacTae Ipy 3HMkeHH1 piBHS O, 10 10%. 3a nux
yMOB MakcuMaJjbHe 3HadeHHs KKII = 2-2,5.

e Ale 3aXMCHHUM €(EKT I'IOKCII 3HUKYETHCS IPU
TPUBAJIIOMY NEpeOyBaHH1 OPraHi3MY B
TIIOKCUYHUX YMOBAX.



3anexHicTb KUCHeBOro edpeKkTy Big BUAOY
BUNPOMIHIOBaHHS

Haii0ijabin
BUPAKECHUHN — Y
BUnajaky IB 3
HHU3bKOIO T'YCTHHOIO
10H13a111i (Y-
BUIIPOMIHIOBAHHS,
PEHTICHIBCHKI
IIPOMEHI),

BiJICYTHiH y BUIIAJIKy
O.-BUIIPOMIHIOBAHHS

[ BIAMIHHICTE
KOPEJIIE 31 3HAUYCHHSIM

TYCTUHH 10H13aI1li (Ta
JT1HIMHO] Iepeaayi
€HEeprii)
BUIIPOMIHIOBAHb

JMonas BEIKHBIIIHUX KJISCTOK
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3asucumocTh KKY 0T BHA2 HOHH3HPYIOMETr0 H3TydeHHA:
A - peHTreHOBCKOE, b - HelTpoHHOE (15 M3B), B - a-u3irydeHue
(2,5 MaB); I - Ha Bo3ayXe, 2 - IPH AHOKCHH

2 3
I'p
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3anexHicTb KNCHeBOro epekTy BiA 3HaYeHHA eeeo
niHinHoI nepeaadvi eHepril eoe
KKY
3,0
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JIN3, k3B/Mkm

Koapdpuunent xucnoponHoro ycwienus (KKY) kax dynxuus JITID
npu obnyyeHuu KiaeTok noyku yenoseka (no I'. Bapenaceny, 1966):

A — 250 xB penrrenosckoe uanyyenue, JIMNID = 1,3 x3B/MKM; ® — MOHOZHEpreTUYECKHE TA-
Xenble Yactuusi, uMmeowne JIND, ykazanHple Ha ocu abGcumce



inoTe3un 3B’A3KY MiXK KNCHEBUM e(PeKTOM i ool

3Ha4YeHHAM NiHIMHOI Nnepeaayvi eHepril

Y Bunazky IB 3 BUCOKOIO
I'YCTHHOIO 10H13a1111
Bp)KCHHS MIIIICHI €
YUCIICHHUMM, TAKUM
YUHOM MOCUJICHHS BKE€ HE
MA€ CEHCY

2. Y Bunajaxy IB 3 BUCOKOIO

T'YCTUHOIO 10H13a1111
BTOPUHHI MPOTYKTH
paioI13y BOJIM
YTBOPIOIOTH KHCEHb,
TaKUM YHHOM HE MO’KHa
BBa)XKaTH 111 YMOBU
TIIIOKCUYHUMU:

HO, +OH" - H,0+0,
HO, + HO, - H,0, +0,



Di3nKo-XiMiYHN MeXaHi3M -

PO3BUTKY KUCHEBOIO edheKkTy cecs

asaa
GSH reductase
Xenobiotcs —
(6 |ossa
\ Cyt-P450 ~__
GSH peroxidase
L3
AxTuBHI opmu L_ l_ | Catasse
KHUCHIO: Sun UVB/UVA /— lﬁ
g Ll Plasma membrane
® IICPCKUCHUHU - ooy, AR I Arginine
HO,’ - B | |
paauKa 9 \4- or |no NoS
) Y
’ | cartne.
® IepeKHuc \
soaHio H,0, ,
. Oxidative stress
e CYNpoOKcHAaHi
OH paI[I/IKa.]I Generation of ROS and antioxidant defense in skin cells. Normal skin cells generate ROS such as superoxide anion (0;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 hydroxyl radical (OH ™) by iron (Fe* * )-catalyzed
H02 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 O™ 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
BOHOHIIOTL 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 semihydroquinones/hydroquinones, which generate O;~. Both UVA and UVB produce similar free radicals and/or singlet
BHCOKORO oxygen ('O,) either directly following interaction with cellular components or in the presence of chemical agents known as photosensitizers. These photoactive
(X chemicals while in their lowest energy or ground state absorb incident radiation (including UVA/UVB), within their absorption spectrum. The energy of the
pCaKHII/IHOIO 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
3I[aTHICTIO 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 O™ 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).



X X )
0000
0000
g
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/”_\\‘ -6- q gluconate
_ - Arrhythmia :
Xenobiotic ;ﬂ:ﬂ:ﬁ )i NA@ )
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l / GSSG
Quinone 0, SOD H,0, \/ H,0

GSH Peroxidase
NADPH P450 Redox Fe
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O, | AH,0+0,
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* DNA
* Protein
Oxidative Damage
e DNA <t | Repair
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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,0,, hydrogen peroxide; HO®. hydroxyl radical: NADP", nicotinamide adenine dinucleotide phosphate; [}3., superoxide; P450,
cytochromes P450 (modified from: Wells e al., Mutat. Res. 396, 65-78, 1997).



Oxygen fixes damage:

/' R* + O, — RO,"— ROOH
e

o S H [Indirectaction

inoTe3a kKncHeBoI dikcauil :

e [Iig ;1€10 10HI3YHOUOTO
BUITPOMIHIOBAHHS (DOPMYIOTHCS
BUUILHI PaIMKAJIHU, IKI pYUHYIOTh
XIMI4YH1 3B’ 513K B 010MOJICKYJIaX.
dopmyroTees pagukanu (R°), sxi
JIETKO pearyroTs 3 O,,

_—

e /
i Dlrect actlon \ V4

, 2 nm
yrBOproroun RO, 1o 4m
I PSLEYJIRDE AT IE ROOH The oxygen fixation hypothesis. Free
e ROOH — cTabii1pHA MOJIEKYJIA, radicals produced in DNA by either a direct or indirect

. . action of radiation can be repaired under hypoxia but
OTZKC ITOPYILICHHI B 610M0H6Kyﬂl fixed in the presence of oxygen.

K OU “(PIKCY€ETHCA’” KHCHEM.
MH

e B ymoBax rinmokcii yac 1ICHyBaHHS
paaukaja R° 011b1nii, 1 3Ha4HO
OlJIbIIIE MTAHCIB BITHOBUTHUCH IO
HOPMaJILHOI MOJIEKYJIH,
npueaHaBm H*.

M-0O-O" = M-0O-O-H

MexaHu3M KHCIopoaHoro 3¢ dexra



Summary of diverse sources of ROS

Endogenous sources

EKDEETID'LIE sOUrces

MNAD(P)H oxidase
Xanthine oxidase
P-450 monooxygenases
Lipoxygenases
Cyclooxygenases, eic.

Radiations
Pathogens

Metals: Fe, Cu, Zn
Xenobiotics, efc.

Bystander

Exogenous -

AHTUOKCUOAHTHUMN
3aXMCT KNiTUHU

52

IR, UV
Metals
Drugs

GPXe H,0

PR H:0

P

CAT H,0

H,0
Mn-SOD

Cu,Zn-SOD

Endogenous

> H,0, H,O
— H,0
. H,0

2GSH  GSSG

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.
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3BOPOTHI KNCHEBUI edheKT ceo

Y po3BeeHUX BOAHUX PO3YHUHAX MEPEBAKHO
CIIOCTEPIra€ThbCHA HENMPAMA Jisi BUIIPOMIiHIOBAHHSA, A
010MOJIEKYJIH MEePEBAKHO MOIIKOIKYIOThCHA MPOAYKTAMU
paxioizy BOAM:

Y BoaHux po3uuHax O, nmepeBaKHO B3A€EMOII€ He 3
OiomoJiekyJamMu, a 3 paaukajaamMu Boauw H° Ta 3
riIPpAaTOBAHUMH €JIEKTPOHAMH €

| o

€ 2 BapilaHTH PO3BUTKY MOJIINA:

KOJIM MOJICKYJIM TIEPEBKHO MOLIKOJDKYIOThCst H Ta e
kuceHb O, MaTume 3aXUCHUU (3BOPOTHIN) eeKT 3a paXyHOK
IX IIEPEXOIUIEHHS,

KOJIM MOJICKYJIH TIepEeBaKHO MOMKOIKYIOThesI OH®, To KHCEHb
O, mepexomunoroun H', 3MeHITyBaTHME HIMOBIPHICTH iX
PEKOMOI1HAIll Y BOJY, TOMY CIIPUSTUME MOCHIEHHIO
paaianiiHOro MOIIKO/IKEHHsI 010MOJIEKYII



BukopuctaHHa KucHeBoro ecpekty B
pagioTepanil NyXsuvH

Panlorepaniro (mMpoMEHEBY TEparin) BUKOPUCTOBYIOTh Y
BUNIAAKY JiKyBaHHA 60-70% Bumnaakis myxjauH. [Ipu KOpeKTHO
1110paHOMY JIIKYBaHHI1 Maile MOJ0BUHA 3 HUX
BUJIIKOBYETHCSI.

Hacboroj1 nepeBakHO BUKOPUCTOBYIOTh:

- U1 IMCTAaHTHOTO OIIPOMIHEHHSI PEHTT€HIBCHKI 1 Y-alapaTu
(eneprist 60-100 keB) enekTpoHHE BUIIPOMIHIOBAHHS,

- U1 KOHTAKTHOTO OIPOMIHKOBAHHS (3aKPUTI 1 BIAKPHUTI
JUKEpEIa KOHTAKTHOIO ONPOMIHEHHS) — €JICKTPOHHE
BunipoMiHioBaHHs (eHepria 10-30 MeB)

B 000X BUIIagKax y IKOCTI JKEpeaa BUITPOMIHIOBAHHS
MEPEBAKHO BUKOPUCTOBYIOTH PaJI0AKTUBHUM 130TOM
xk00ansTy (°°Co)



BpaxyBaHHA KUCHEBOIro epeKkTy
npuv Tepanil NyXJFiuH :

TkanuHM nyxyivH 3a3BU4an rimokcnydHl: pO, = 1-10 mm pr.CT.
(B HOopMmi 20-100 MM pT.CT.)

Pag1ope3ucTEeHTHICTh ITYXJHH 00XOATh ASKIJIbKOMA IIJISIXaMU:
1) MmeTox rimepOapruuHOi OKCUreHaIli (oOKcubapopaaloTepanii),

2) MeToA (PpaKIIMHOro ONPOMIHEHHS 3 BpaXyBaHHSIM
PEOKCHUTEHAIIIT ITyXJIMHH,

3) BUKOPUCTAHHS Pal0CEHCUOLII3aTOPIB TIIIOKCUYHUX KJIITHH,

4) BUKOpUCTAHHS BUIIPOMIHIOBaHb 3 BUCOKOIO JIIIE (3
B1JICYTHIM KHCHEBUM €(PEKTOM)



000
0000
MeTopA rinep6apnyHOl oKcureHauii Slelale
(okcubapopagioTepanii) oo
e [lameHT Mg yac
CEaHCy 30T ‘1
paxiorepanii o5 | /

3HAXOJIUTHCS B
Oapokamepi Ta
IUXA€ YUCTUM
KHUCHEM (THUCK
KHUCHIO 2-3 aTM.)

[ToprIIEHUE HALIPSAXKEHUA KUCIIOPOAA
¢ 40 MM pT. ¢T. To MOBOTO VPOBHA
MIpaKTHYECKH HE M3MEHAET
PaJInOIyBCTBUTENLHOCTE
HOpPMalbHOH TKaHHU.

N
o

Z[a;zce HeOOoNbINoe ITOBLIIICHIE
HallpAmeHWA KUCIIOpoJa B
OHYXOHGBOﬁ TKaHH
PE3KO IIOBEIIITACT e
PAAHOYYBCTBHTEIIEHOCTE.

©

e llen meron €
e(DEKTUBHUM JIJISI

RELATIVE RADIOSENSITIVITY
&)

L 1| | I | Y B YR

Tepartii My XJIMH 10 20 30 40 50 60 70 155 760
T'OJIOBH 1 IIIH1 OXYGEN TENSION (mm Hg AT 37°C)




PeokcureHauisi npu ¢ppakuioHoBaHOMY
ONPOMIHEHHI NYXJINH

Takox mpu pagioTepamnii MyXJIMH BUKIWKAIOTh KHUCHEBUU €(EKT
IUITXOM PeOKCUTeHAaNlil Iy XJIMH.

Bigomo, mo B myxiuHi Onu3bko 10-15% kmiTUH 3HAXOISTHCS B
T'IITOKCUYHOMY CTaHi.

[Ipr OonmpoMiIHEHHI TMHYTh MEPEBAXXKHO OKCUICHOBAHI KJIITHHH, aJje
TI1CJIIA paaioTeparii 3 qyacoM CIIBB1IHOIIIEHHS
OKCHUT'€HOBAH1/TIMOKCUYHI KJIITUHU B MyXJIMHI BIHOBIIOETHCA (3a
PaxXyHOK PEOKCHUI'€HAIIl MOMYJISII] TIIMOKCUYHUX KIIITHH).

Takum YMHOM, SIKINO ONPOMIHEHHH (3 NEBHUMH YACOBUMMU
NMPOMiKKAMH) MOBTOPUTH JAEKIJIbKA JeCATKIB pa3iB, MOKHA
SHUIUUTHU MYXJIMHY HIJIKOM.




. o060
Cxema npoBeneHHA CbpaKLl,IOHOBaHOFO ::::
ONMPOMIHEHHS1 NYXJIUH I3 ypaxXyBaHHAM oo
peokcureHauil o
Ilepen Cpasy
obOnygeHueM mocie
AbspupoBaHHBIE oOnygeHus

KIICTKH

I'mnmokcu4Yeckue
KJIETKH

hv  A>
PeokxcureHaimusa
AN
hv A\
AN
PeokcureHammusa
hv AWW> /
AN e > @
PeokcureHaimusa
M T.IO.

Cxema npoBeneHunsa GpaknumOHHPOBAHHOIO
00N y4YEeHHs ONYXO0JIH C YIETOM €€ PEOKCUTCHAIUH

CTaHpapTHI BENMYUHN dopaKLin
(To6TO pasoBux 003) CKNagatoTb Bif
1,8 0o 2 'p 5 pa3 B TMXKOEHb A0
OOCAreHHs1 cymmapHoi gosu (Big 25
no 70-100 Ip).

Kpim 3BU4anHOro pexnma
3aCTOCOBYOTb MynbTUpakuiroBaH
HA (OeHHe OpobneHHs 4o3n Ha
OeKinbka pakuin, ski nigBoadaTb 3
iHTepBanom 4-8-12 roguH).
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Yac peokcureHauii ooo

[0noBHE - BUBIp ONTUManbHOro Yacy Mixk onpoMIHEHHAMMN,
y cepegHbomy ue 1-2 nobu

x 700 \- -.~-‘.s
A i X S~ 2
HamnuacTiwe npusHadawts 5 . Ay NG
LLIOAEHHE ONMPOMIHEHHS eI N
: X 10 : N

nyxnuHu B gosi 1.8-2.5 I'p x wa

D pasiB Ha TXKOEHb S ;
37 \, 5
s Yo e
g \ /'/.
s 1 1 ‘\Q_—»'?‘" L l +—’

[dnHamunka peoKkcureHaunm aKcnepuMeHTarnbHbIX onyxornen (rno
P. TomnnunHcony, 1970):

1-oCcTeoreHHasi capkoma Mbillen,
2- dmbpocapkoma Kpblc,
3 — KapuHOHOMA MOJI0YHOW Xene3bl MbiLLEN;

dopakumns rMNOKCUYECKNX KNETOK B KaXXO0M ONyxXonn cpasy
nocrne obnyyeHust npmHaTa 3a 100%
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OunHamika peokcureHauii o0

[nHamika
peokcureHaduil KniTnH
CapKOMU MULLI nNpw
OMPOMIHEHHI
PEHTIEHIBCTKUMM
npomeHsimu (10 'p)
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0

Time in hours



PapioceHcubinizaTopu rinOKCUYHUX KIiTUH: S
o

PagioceHCHOLTI3aTOPH NNMOKCHYHUX KJIITHH — 1€
PEYOBHMHM, AKI 31aTHI BUOIPKOBO MiABUINYBATH
PAdIOUYYTJMBICTh MNMOKCUYHHUX KJIITHH, HEe BIVIMBAIOYH
HA PaJgloYyTJMBICTh HOPMAJIBLHO OKCUTIHOBAHMX

KJITHH.
N -
e
N N
. i 1A FTHA \
MeTpoHi32/10J1 1 KO0 MOXIIHI HO\) 5
(HITpO1IM1/1a30JIbH1 CIIOIYKH)

e Henonik — BUCOKAa TOKCUYHICTh IIMX PEYOBUH




PakTopu, SAIKI MOAYNIOTb KNCHEBUUN e(PEeKT coo

* [1inoxcis (3a paxyHOK 3HWKEHHS HanpyxxeHHs O, y HOBITp1),

e 3MEHIIECHHS 34aTHOCTI T€MOTJIO01HY 3B’ I3yBaTH KHMCEHB 32
pPaxyHOK IepeBeeHus iona Fe?t B okucieny gopmy Fes*
(waguuii raz CO, amMiHOOPOIO(EHOH) AN

HQN—{)J ;j— C— CH, —CH;

N

N,

I\
0

e 3MEHILIECHHS KPOBOMOCTAYaHHSI TKAHUH CYJIMHO3BYKYIOUUMU
ropMoHamMu (aapeHaliiH, CEpOTOHIH, FCTaMIH)

NH,

HO

Iz



