HEMPAMA Alfl IOHI3YIO4YUX
BUMPOMIHIOBAHb TA HACAIAKHU
PAAIALLIMHO-XIMIMHUX NEPETBOPEHD
BIOAOINYHO BAXAUBUX MOAEKYA AN
KAITUHHUX NMPOLLECIB

Papioni3 Bogu Ta BisibHOpaAuKanbHI NpoLecu.

PafiaLiHO-XiMiYHi YLIKOAXKEHHS HYKNEIHOBUX
KUCOT.

PafiauiHo-XiMi4yHi nepeTBoOpeHHs 6inkoBnx
MOJIEKYT.

PafiauiHO-XiMiYyHi NepeTBOPEHHS B
mMeMbpaHax.




PHYSICS CHEMISTRY
Radiation is Secondary
absorbad reactions
initial products: * result in changes to
1. ions_ 1. DNA *
2. excited 2. proteins
molecules 3. other molecules
3. free radicals

Less than a nanosecond

BT ME

A X

Less than seconds

| S

BIOLOGY

Biological
effects

may give:
1. cell death
2. mutations
3. cancer

Days to years

.
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Henpsama Aist IOHI3Y04YMX BUMPDOMIHIOBOHb
OOYMOBAIOETLCH MOLLIKOAXEHHAM KAITUHHMX
MOAEKYA (MILLEHEM) AKTUBHMMM MPOOAYKTAMM
(HOMPUKAQA, BIABHUMU PAAMKOAAMM), K
YTBOPUAMCb BHOCAIAOK B3AEMOAII IOHI3YIO4Oro
BUMPOMIHIOBAOHHS 3 IHLLMMM MOAEKYAOMM
(30KpEMQA, BOAM I MEMDPAHHMX AIMIAIB)

. water _
radiation "' « free radical

DAMAGE

DAMAGE
radiation




Po3nOAiA NOrAMHYTOI eHeprii npu cos

ONPOMIHEHHI KAITUHMU:

Boaa — 70-85%

Binkn — 10-20%

HykAelHoBI KMcAOTH (AHK i PHK) — 1-7%
Ainiam — 2-8%

Byraesoam — 1-5%

MeTaBoAITM — 0,4-2%

MIHEPOAbHI PEYOBMHU — 2-4%



Papioni3 Boaum : Slelsls

I1ig miero 10HI3yHOUOro
BUITPOMIHIOBAHHS YTBOPIOETHCS
aHioH 200 KaTioH BOIM. 1

BoHU € HECTIMKUMU 1 CAMOB1LILHO
pO30aJarThCs, GOPMYHOUN aKTHUBHI
BUIbHI paJuKaJIN:

abo:

ion H,O" Ta ejieKTpoH e
B3a€EMOIIIOTH 3 MOJIEKYJIOIO BOJIH,
YTBOPIOIOYH CTIHK1 y BOJI1 i0HM
rigzpokconio H;O" Ta rizpoxcuiry
OH":

}

Atomapuuii Boaenb H i
riapokcuinbHuil pagukaa OH we
CT1MKI, BOHH B3a€EMOIIOTE MIXK
c00010:

H,O0+e —-H,O +hu
H,O+hu—H 2O++ e

H,0" > OH +H"
H,0" > H"+0H"

H,0" +H,0 —» H,0" + HO

e +H,O0—>H,0O - H+0H"

H+H—-H,, H+OH—-H,O
OH+0OH—-H,0,



Taban i{'o Al

Crobonuo-pasuxkaisrsie APOAYITE PAKHOAMIE ROTW

Peastinns paawoamaa sou Peomsuisn pexomBusisnnn
HeQ — e - HyO0 5 Ht + OH" H*+ QH" = HLO
HaO + & — HiD —» OH-+ H H o+ OH -+ HO
HOr v+ 5 HO 5 H+ OH 20H" ~» Ha04

H#O + 0y —» OH" + HOS' 2HO:" — Hx04 4+ O
Oy’ +H - HO HOs + H 5 HaOs
HOy" + ¢ -3 HOy HO;" + H* 5 HY0.

eog+ H:O - O + H® 2H" -» Hs

2}%‘ — Ha




000
o000
o000
Pagionis Boau : =5

Ilepexuc Boauo H,O, 1 MosIeKyJIsIpHA A
BojieHb H 31aTH1 B3aemoiaTu 3 pagukaitamu H 1 H 2 OZ +H —H 2 O+OH

OH, yrBoprotoun Boay H,O: H , +0OH —H ) O+H

Taxum YHHOM, MA€EMO ITUKJI IPOIECIB:
600a = ionu (H,0"),e” = paouxam (H' i OH')=
= MoneKyaapH i npooykmu paoionizy (H,, H,0, )= 600a

Pa3zoM 3 TUM, MOJIEKYIISIPHI TPOAYKTH MOXXYTh
MIEPETBOPIOBATUCH B PAAUKAJI TiIPONEPOKCUTY H 2 Oz +OH—H 2 O+H Oz

HO, 1 31H0BY B nepekuc BoaHw H,0, : HOZ+ H02 —H 202_|_ 02

VY NpHUCYTHOCTI KUCHIO MAEMO MepPeKUCHU
paguxkaa HO," :

H*+0, > HO,



Paagioni3s Boau :

e Tako)x BUHMKa€e CTaOLI130BaHa
(opmMa eJIeKTpOHA —
riipaTOBaHUH €JIEKTPOH €, .

o 100 eB -> 4H;0 4x5 5 o)+ Q-g0% -

e JlomknHa mpoOIry MPOYyKTIB 10H13a1I1 3-
10 aM

Y Bognomy cepeaonuiii npu pH =7,0
CIIBB1IHOIIIEHHS

OH:e,,: H=2,6:2,6:0,6

OkucHuku: H,0,, HO.®

BiaHOBHUKMU: E'aq .

b
O @V‘{‘L‘L’Ii"“
0
S



0000
PagiauinHo-XximMmi4yHi nepeTBOpEeHHS -t
(papionis paamkanamu Boaun) OHK oo

e Mirpaliis Opo JaHIIOry

] o c .s INFLAMMATION GENERATES FREE RADICALS
JIHK nedexty (“mipku’) B

7 ROS RNS
3d3BHU4Yd4dH IIPU3BOJINUTH B *OH 02-* NO* ONOO- N,O,
KiHHi KiHHiB I[O (Hydroxyl radical}) (Superoxide) (Mitric Oxide) [Peroxynitrite)
.. Protein Damage

ITOIIKO /IPKCHH A TI/IMIHOBOI (ONA Repalr, Caspases)

Lipid Peroxidation

|
/Ara-:hid-:mil:

DNA Damage ;
OCHOBM. and Mutatign 1malaﬂi3§uhwm Acid
Nitrosamines/Deamination —— 4HNE Cascade
o B—-ox0-dG h {4-hydroxynonenal) . I .
o Jlk HaCJII KN — [ guaning & El-::nselmmds
c M1G Adduct ot H Cell
YTBOpCHH}I pOBpHBlB EaseﬁE;:;thn Proliferation

JaHIIOTra, MOAUMIKAIISL
OCHOB, BIIIECIIJIEHHS
OCHOB.



PapiauinHo-ximiyHe nepeTBOpPEHHSA OiNKiB o0

e OnpoMiHEHHS OIKIB IPU3BOIUTH A0 2-€TamHUX (hi3HKO-

XIMIYHUX IIEPETBOPEHb:

e 1-ioHi3alis 3 YTBOPECHHSM € Ta “mipku’’ (KaTiOHA):

hv+RH ->RH +¢

e 2- Mirpamis “mipku’’ 3a paxXyHOK MEPEKUIY CYCIIHIX €IEKTPOHIB
0 MOJINENTUAHOMY JIAHIIOTY 3 YTBOPEHHSIM BUIBHOTO pajvKaia
B HAWOWLIbII €JICKTPOHHOJOHOPHIM IpyIll (0-BYIJICLIEBUM aTOM
MEeNTHUIHOTO 3B’ 513Ky, aTOM CIpKH):

RH* >R +H"

O
o |l
_NH_{I:_ C—NH-
R

IIHCTHH |- S—-CH., - CH - COOH|_
= -

NH,
nuctens HS - CH,- CH - COOH

NH;



1) OTpeIB aToMa BOJIOPOJIA: : : : : PY
R-H+OH — R+ H,0, 0o
'YX
o0

R—H+H — R + Hs.

2) Peakuuu jgucconmaiyn:

RNH: + e —R’ + NHs,

THAP
RNH, + H <5 R" + NH,.

3) Peakuyu npucoeuHeHns:

H H ]
>e=c{ +OH —F R—(—CR.
R R o B
0 O +epy 0 0~



3) Peaxmn rugponnsa:
R +H,O — P.

[Tpumep Takoil peakiuyn — paciierieHue nernTuaHoi cesa3u npu obayYeHun
pacTeOpa DesTKa:

—R;CONHCHRy— —— —R;CONH, + R,COH.

4) Tlpucoeannenne KHCIOPOJIA.
B npHCyTCTBHH MOJEKYJIAPHOTO KHCIOPOAa B ODIYHEHHOM PacTBOPE
obpa3yiorea okucauTe bHble pagukaabl HO, u O; cornmacHo peakiusm:

H + 0y —s HO;,
ru‘m + H+ RS Og ) HO

H;05, + OH — H>0 + HO,,

-I—Og—}rﬂ

Crum Jp



00
0000
1) Jdumepusanus u 1nNpucoeiHeHHe: 00000
. . o000
R.1+R2—}R|—R2, (X XX J
) . 000
R +R — R—R. o0

HOOC—CH-—NH;

2HOOC—CH—NH, |
[
SH |
CH,
Hoot::—f:':H—l\IH2
HHCTCHI IMHACTHH

NH,—CHCOOH

2NH,—CH;—COOH —— 2NH, CHCOOH —— |
CH,COOH

2) Peakuuu auciponopuMoHupOBaHKs:
R"+R — RH+P.



PapiauinHo-ximiyHe nepeTBOpPEHHSA OiNKiB:

HacJjiaky — nopyumeHHs1 CTPYKTYPH:
PyiinyBanns H-3B'3K1B;
Po3puBu cynb(riipuiabHUX 3B’ A3KI1B;
Po3puBu nenTuHUX 3B’ SI3KiB;
@opMyBaHHS 3MMBOK MK HENTUIHUMU JAHIIOTAMU;

Binmennennsa rpyn NH;, H,S.
3M1HA CTPYKTYpH OUIKIB

3MiHa 34aTHOCTI JI0 BUKOHAHHS (DYHKITI]




PapiauinHo-ximiyHi nepeTBOpPEHHA B

MemMbpaHax
',,.-—""'"'_.—._._ \
§ O 4 Cytosolic Ca®*
Vo |
Reactive s’ l ‘l,
oxygen Phospholipase Protease
species . activation acti‘iation
Lipid JPhospholipid  4Phospholipid Cytoskeletal
peroxidation reacylation/ degradation damage
syn}hesis I I
' v
Phospholipid Lipid
loss breakdown
products

o

)

MEMERANE DAMAGE

Mechanisms of membrane damage in cell injury. Decreased O, and
increased cytosolic Ca** are typically seen in ischemia but may
accompany other forms of cell injury. Reactive oxygen species,
which are often produced on reperfusion of ischemic tissues, also
cause membrane damage (not shown).



PapiauinHo-ximMmi4yHi nepeTBOpPEHHSA B

MemMOpaHax

IlopyuieHHsI IPOHUKHOCTI MEMOpaH Npu
pagialmiiHUX MOIIKOIKEHHAX KJIITHH
BiI0YyBa€THCHA BHACTIIOK:

1- 3HMKEHHS cruHTEe3y (hocdOomimiiB
(BHaCIAOK MpUTrHIYeHHs cuHTe3y ATO B
MITOXOHIPISX )

2- TIABUIIICHHS PiBHS PyWHYBaHHS
dbocdominiaiB (BHACTIIAOK aKTHUBAIIli1
docdoiinas maBUIIEHUM PIBHEM
BHYTpilIHbOKIiTHHHOTO Ca*)

3- TOIIKOKECHHS MEMOpaH aKTHBHUMHU
dbopmamu kucHio (ADK)

4- IPOYKTH PyWHYBAHHS MEMOpaHHUX JIII1]

IPaIOIOTh K JETEPIeHTH 1 caml
MOIITKO/KYIOTh MEMOpaHH

Decreased Decreased

Extracellular
Ca?*

Injurious agent -

\

Mitochondrion Endoplasmic

Increased cytosolic CaZ*
I

v v v v

ATPase Phospholipase Protease Endonuclease

} ) }

Disruption

ATP phospholipids of membrane

and cytoskeletal
proteins

Nucleus
chromatin
damage

\ Membrane damage /

Sources and consequences of increased cytosolic calcium in cell
injury. ATP  Adenosine triphosphate; ATPase, adenosine
triphosphatase.
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KucHeBum epexr oo

HasiBHICTh KMCHIO IPU3BOJUTH JI0 3HAYHOT'O
MOCUJICHHS HOIIKOKY0UYO]1 11 10HI3YIOUUX
BUIIPOMIHIOBAHb:

O,+H* = HO,", O, +¢ -aqg— O,

O, +H" — HO>, 2HO"» — H,0, +0,.

®opMyBaHHSA OPraHivYHOI0 MEPEKUCHOI0
paagukany RO,® Moxe 1HIyKyBaTH JaHIIOTOBY
pPEaKIIiio B OpraHIgYHUX MOJICKYJIaX:

R'+0, - RO
RO*, + RH - ROH+ R’



ROS 'YX

Reperfusion injury Toxic agents

Inflammation Oxygen toxicity

Ischemia \ / Radiation

Activated Oxygen Species

v N\

Superoxide (O,x) Hydroxyl radical (OH")
Hydrogen peroxide (H,0,)

Figure 5-6 Generation of free radicals.

Copyright £ 2003 Lippincott Williams & Wilkins. Instructor’s Resource CT-ROM 1o Accompany Porth's Pathophvsiology: Concepts of Altered Health States, Seventh Edition



ROS -4

Formation and Elimination of Reactive Oxygen Species (ROS)

(0! —*02 — H202 —> OH —> H-2:0

'OO OO HOOH OH H:O:H

Oxygen Superoxide Hydrogen Hydoxyl Water
anion peroxide radical

Superoxide dismutase Glutathione peroxidase
Catalase



RADIATION

ROS & RNS

XENOBIOTICS

METABOLISM

CONSEQUENCES

* MUTATION

* CYTOTOXICITY
+ CYTOSTASIS

* PROLIFERATION

DNA/RNA DAMAGE
ROS/RNS e
5 9 HOCI  HOBr
2 . |
® 0 B
+ STRAND BREAKS
LIGHT % + BASE LESIONS
1 0,- - CROSS LINKS
o) .
1 02) 0,- @~  Ho,+ o
SINGLET ®- " ®
OXYGEN SUPEROXIDE HYDROGEN o &
AT PEROXIDE : s g
5 02 , 60 Me
Mo " i i |
9 _
1 : ° THYMINE GLY
Mo+ S AR ?g - E GLYCOL
HOZ' . s 2 A 8
. HO + HO T Y @ ) @
B ax o B | "% )4
HYDROPEROXYL  PEROXYNITRITE HYDROXYL . '@ .
RADICAL .
RADICAL 8-OXO-GUANINE ° P
o9

@ CARBON @ NITROGEN
@ OXYGEN ) HYDROGEN

5-HYDROXYMETHYLURACIL




ROS / RNS & 6inku & DNA ool
o

Vulnerable

carbon-hydrogen H Oxygen fadicals lf'leparably
bonds damaged protein
HoN S * HN fE——4
H + H, 0

Protein ) ‘ )
lhl)‘“ | & ]

INFLAMMATION GENERATES FREE RADICALS

/\

ROS RNS
*OH 02-* NO° ONOO- N,O,
[Hydroxyl radical} [Superoxide) (Mitric Oxide) (Peroxynitrite)

Protein Damage
(DNA Repair, Caspases)

Lipid Peroxidation

|
/nrachiduni:

DNA Damage MDA Acid
and Mutation {malondialdehyde)
itrosa ﬁ*— 4HNE Cascade
g—nxu-d“gnmmammaﬂa“h {4-hydroxynonenal)
B-nitroguanine Eicosanoids
Etheno Adducts H
M1G Adduct H i
EEBe.SxC8 100 Proliferation

Repair



ROS impairs mitochondrial function

abcam’
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