bunoxnmumyeckmne mexaHmsmol
NeToKCcukaumm

O.B.OcTpoBcKkum



KceHoOunoTukum (Xenobiotics)

JTtobble MHOPOOHbIE BELLECTBA,
nonagatoLime B OpraHn3m 4YenoBeka.

1 JlekapcTBeHHbIE npenapaThbl

1 TOKCUHbI NPUPOAOHOIro
NPOUCXOXOEHUS

1 CMHTETUYECKNE OpraHn4ecKkune
BELLEeCTBa NCKYCCTBEHHOIO
npoucxoxaeHua (NueBble
0obaBKK)

1 [1poayKThbl XU3HEeOEeAaATEeNTbHOCTH
canpodouTHOWN ApIopbI




HekoTopble gakThl

1 PeHobapbuTan nmen bl 6eCKOHEYHO 6OJ'IbLIJOI/I
nepuop BblBEAEHUSA, €CInN Obl OH HE
MeTabonnsnpoBarcs.

1 MeTabonuThl YaCcTO MeHee akTUBHbLI YeM NX
npeaLwecTBEHHUKA. XOTS MOXET BbITb U
HaobopoT




Tryptophan catabolic degradation by

bacteria.
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Peakuuu Phase | and phase Il B BuoTpaHccgpopmaummn
KCEeHOOMOTUNKOB

ABSORPTION. METABOLISM ELIMINATION

Phase | Phase |l

Drug metabolite with

modified activity — 1 COnjugate
Drug .
Inactive drug E _
i metabolite. 1 > ~onugate
: | ~ 'naBHoe HanpaBneHue meTtabonusma
Lipophilic > Hydrophilic

UHorpa Phase Il peakuumn MmoryT npealwecTtBoBaTth phase | peakumsam



| as3a geTokcukaummn

1 Okcmaasbl Co cMeLlaHHbIMU PYHKLUAMMU
1 OcTepasbl, ammaasbl U gpyrme rmaponasbl



CUHOHNMBI

1 PepMEHTbI MUKPOCOMAarbHOIO OKUCIEHUS
1 OKcnaasbl Co CMeLlaHHbIMM PYHKLIMAMN
1 MoHoOKCcUreHasHasi cucrtema

1 Cuctema ymtoxpoma P450



depMeHTbI MUKPOCOMAasbHOro
OKUCIEeHUS

Nokanusauus

Mukpocombl - Menkue rpaHynbl (pasmepom o 100 Hm),
nony4vyaemsbie npu bpakUMOHHOM LUEeHTPUdYrmpoBaHum
KNeTOUYHbIX TOMOreHaToB, NpeAacTaBnaoLwme cooou
pPNbocoMbl, OGJTIOMKM MeMOpaH 3HAOoNIa3sMaTU4YeCcKoro
peTuKynyma




Okcupaasbl (rmapokcunasbl) Co CMeLlaHHbIMU
DOYHKLUNAMMN
MoHooOKcureHasHasa cuctema

1 Tonbko oguH atom O, NpucoeguHAeTca K cybeTparty, opyroum
nony4yaet 2 e (peann3yeTcs 2-X 3JfIEKTPOHHbIN NEPEHOC).

1 OTOT TUM OKUCMNEHUA OTINYaeTca OT ODNOSTIOrMYECKOro
OKMUCIieHnsa, npmBoadLlero K cuHtesy AT® (peanusyetcs 4-x
9NEKTPOHHLIN NepeHoc B MUTOXOHApuansHou LIM3)

OkucneHmne cybcTpaTta nponcxoauT B 2 atana
*CBsA3bIBaHME KMUCIIOPOAa B aKTUBHOM LIEHTPE
*Peakunsa B KOTOpPOU KMCNOpOoa BOCCTaHaBMMBAETCS UM
BCTaBISIETCA B MONEKYIy cybcTpaTta.



Okucnenune B LUIMNO (1) npotus
MoHOOKCUreHasHoOu cuctembl (2)




Lintoxpom P450
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Lintoxpom P450

1 Cucrtema untoxpoma P-450 oTHOCUTCS K OQHOW
N3 caMbIX OPEBHUX DEPMEHTATUBHBLIX CUCTEM U
BbiFB/IEHA Y BCEX NMPOKApPUOTOB U 3yKapuoTOB.

1 CTpYKTypHas opraHm3aumst MOHOOKCUIeHa3HoM
CUCTEMBI U ee (PYHKLMOHAaNbHOEe 3HaYeHNe
MMEIT CBOU OTIINYNS Y XKUBOTHbIX, CTOALLMX Ha
Pa3NNYHbIX CTYNMEHAX 3BOMOLIMOHHON JIECTHULIbI



CTpyKTypa cucrtemsl Limtoxpoma P-450

1 2 oepMeHTa

—  HAO®PH-uutoxpom P450 nnn HAOQPH-umtoxpom b5
peaykrasa
1 dnasonpoTteuH. Coaepxut 1 monekyny ®MH n ogHy monekyny
PAL
— Uwutoxpom P450

1 [eMonpoTenH COAEepPXUT XKernes3o, KOTopoe B Xo4e peakLuii
MEHSIeT BaneHTHOCTb Mexay Fe++ n Fe+++

1 TuonaTHbIN PEPMEHT

1 AKUEeNnTop 9f1EKTPOHOB

1 [lposBndeT okcngasHy akTUBHOCTb

1 rate-limiting_step in the oxidation reaction




ANeKTPOHTPAHCNOPTHbLIE uenun AP

Lintonnasma
NADH + H*
NADPH + H*
NAD*
NADPH NADP* ]
LIUTOXPOM € NADPH
Puc, ) LUTOXPOM
@ s-peAyKra3a
eadyKrasa 2
AN 0
A 4 \‘vBOH
Lintoxpom Cteapoun-KoA-
P.so Aecartypasa
4
| cucrtema Il cuctema

These monooxygenases are found in the microsomes of the liver together with
cytochrome P450 and cytochrome b5. Both NADH and NADPH donate reducing
equivalents for the reduction of these cytochromes, which in turn are oxidized by
substrates in a series of enzymatic reactions collectively known as the hydroxylase
cycle



CYTOCHROME P430 - Alignment

Bacteria 101A1
Yeast 51A1
Fish 1A1
Chicken 2H1
Cow 19A1
Rabbit 2B
Rat 3A1

Rat 4A1
Mouse 1a2
Human 21A1
Human 19A1

e e e
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QRHR
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CTpykTypHbIN MOTUB (FXXGXXXCXG)



RIRTRNR/RY R

Model of rat P450 2B1, showing mode of membrane attachment
home.ccr.cancer.gov




NADP* NADPH

(mapoKcunasHbIU LUK

Flavoprotein Flavoprotein
(reduced) (oxidized)

©

HR~ > P-450-Fe®*

R-OH

R-H (oxidized product)

(parent drug)



Peakuun metabonmama pasfinyHblX 3HOOrEHHbIX U 3K30reHHbIX
COeNHEHUN C ydacTueM oepMeHTOB CUCTEMbI LiuToxpoma P450

1 cBdA3biBaHMe cybcTpaTa (S) ¢ pepmeHToM (kenes3o 37%);

1 BOCCTaHOBIeHMe cybcTpaT-doepMEHTHOro KOMIsiekca
(NnpucoeanHeHWe rnepBoro ariekTpoHa) npu yvyactmm HAOPH
uutoxpom P450 peaykrasbl (keneso 3%);

1 nNpucoeanHeHNe MOJSEKYNbI KUCnopoaa ¢ o0bpa3oBaHMEM
doepMeHT-cybCcTpaTHOro OKCUKOMIMIiekca (BO3MOXXHO
obpasoBaHue cynepokcnaaHnoHa);

1 nNpucoegmMHeHne BTOPOro 3NeKTpoHa ¢ BOCCTaHOBSIEHUEM
MOHa Xenesa ao BaneHtHoctn 2+ (HAOQPH untoxpom P450
peaykrasa);

1 NpucoeavHeHWe NoHa BoAOpOoda K aToMy KMcnopoa C
OKUCITEHNEM MOHa Xernes3a, obpasoBaHMeM BoAbl U,
BO3MOXXHO, NepoKkcuaa Boaopoaa;

1 paclienneHne depmMeHT-cybcTpaTHOro KoMmnnekca c
ob6pasoBaHNEeM OKUCIIEHHOro MeTabonuTa.



«HecneunmnYHOCTb» PEPMEHTHOU
aKTUBHOCTU uutoxpoma P450

1 CybcTpaTHasi cneunmnyHoCTb
1 PeakunoHHasa cneundpmnyHoOCTb



Oxidations

R R
1 Cytochrome P450- @ @
dependent Aromatic R ya

hydroxylations

1 Aliphatic
hydroxylations

1 Epoxidation

(@)
RCH2CH3 e RCH2CH20H

RCH2CH3 —> R?HCHg
OH

H O H
\N/\/
RHC=CHR —R—C—C—R

Acetanilid,
propranolol,
phenobarbital,
phenytoin,
phenylbutazone,
amphetamine,
warfarin, 17a-
ethinyl estradiol,
naphthalene,
benzpyrene

Amobarbital,
pentobarbital,
secobarbital,
chlorpropamide,
ibuprofen,
meprobamate,
glutethimide,
phenylbutazone,
digitoxin



1 Oxidative

dealkylation RNHCH; — RNH, + CH,0
N-Dealkylation

Morphine, ethylmorphine, benzphetamine, aminopyrine,
caffeine, theophylline

1 O-Dealkylation ROCH3 —» ROH + CHZO

Codeine, p-nitroanisole

1 S-Dealkylaton RSCHz — RSH + CH,0

6-Methylthiopurine, methitural



1 N-Oxidation Primary
amines

Aniline

1 Secondary amines

acetaminophen

1 Tertiary amines

1 S-Oxidation

Thioridazine, cimetidine, chlorpromazine

RNH, —» RNHOH

AN \
NH— N—OH

A

\ \

—N —R, > O

R{ R{
\ \

e



OH

1 Deamination |
RCH2CH3 —> R_C_CH3 _>R_CCH3 + NH3

\ | ]
NH, NH, O

Amphetamine, diazepam =
Rl 1
Desulfurati Se=s— Se=o
i Desulturation _ B
R2/ R2/
Thiopental.
Rl Rl
N\ N\
pPp—S —>» =0
R2/ Rz/

1 Dechlorinat@ti, — [CCl3]—= CHCl;

Carbon tetrachloride



OaHa 13 NpUYnH OTCYTCTBUS
crneunpPUYHOCTU —
MHO>XXECTBEHHOCTb (POPM
Lintoxpoma P450



Cytochrome P450

 Heme thiolate enzyme

+— More than 4500 genes identified

* Humans -\’approx 60 genes :
_+ Mice - definitely 80, possibly 86 .

. Drosoph{la Melanogster - 90 genes
* Rice — 485 gehes
+ Caenbrhabitidis elegans - 80 genes
* Dictyostelium discoideum - at least 43 genes
. Atabifiopsis Thaliana - 274 genes



CYP450 genes are classified/arranged according to their
AMINO ACID sequence similarity

family sub-family allele

1 1A —

/ Ny
gene
superfamily \ 1B

2

CYP1A1*1A




As of 1998 — humans 60 genes + 4 pseudogenes

Often easy to identify orthologues between species eg CYP1A

Auqgust 2001 genes

bacteria 75

lower eukaryotes 72
plants 52

animals 69



HomeHKknaTtypa untoxpomoB (Cytochrome
PA450)

Cytochrome P450 Naming

classification:. CYP 3 A4 *15A-B

N
CemencTteo >40% Isoenzyme allele
sequence- noacemMencTBou
homology >55% sequence-
homology

J R Oesterheld : Drug-Drug Interactions



Humans have 18 families of cytochrome P450 genes and 43
subfamilies:

CYP1 drug metabolism (3 subfamilies, 3 genes, 1 pseudogene)

CYP2 drug and steroid metabolism (13 subfamilies, 16 genes, 16 pseudogenes)
CYP3 drug metabolism (1 subfamily, 4 genes, 2 pseudogenes)

CYP4 arachidonic acid or fatty acid metabolism (5 subfamilies, 11 genes, 10
pseudogenes)

CYP5 Thromboxane A2 synthase (1 subfamily, 1 gene)

CYPEA I?ile acid biosynthesis 7-alpha hydroxylase of steroid nucleus (1 subfamily
member

CYP7B brain specific form of 7-alpha hydroxylase (1 subfamily member)

CYPS8A prostacyclin synthase (1 subfamily member)

CYP8B bile acid biosynthesis (1 subfamily member)

CYP11 steroid biosynthesis (2 subfamilies, 3 genes)

CYP17 steroid biosynthesis (1 subfamily, 1 gene) 17-alpha hydroxylase

CYP19 steroid biosynthesis (1 subfamily, 1 gene) aromatase forms estrogen
CYP20 Unknown function (1 subfamily, 1 gene)

CYP21 steroid biosynthesis (1 subfamily, 1 gene, 1 pseudogene)

CYP24 vitamin D degradation (1 subfamily, 1 gene)

CYP26A retinoic acid hydroxylase important in development (1 subfamily member)
CYP26B probable retinoic acid hydroxylase (1 subfamily member)
CYP26C probabvle retinoic acid hydroxylase (1 subfamily member)
CYP27A bile acid biosynthesis (1 subfamily member)

CYP27B Vitamin D3 1-alpha hydroxylase activates vitamin D3 (1 subfamily member)

CYP27C Unknown function (1 subfamily member)
CYP39 7 alpha hydroxylation of 24 hydroxy cholesterol (1 subfamily member)
CYP46 cholesterol 24-hydroxylase (1 subfamily member)

CYP51 cholesterol biosynthesis (1 subfamily, 1 gene, 3 pseudogenes) lanosterol 14-

alpha demethylase



MutoxoHapuanbHaa P450 MOHOOKCUreHa3Has
cCUCTeMa KaTanusupyet rmgpokcunmpoBaHue
cTepougoB

1 OTa CMCTEMA COCPEeNOTOYEHA B CTEPOMNOOIEHHbIX
TKaHsaX (adrenal cortex, testis, ovary, and placenta)

1 B noykax oHa kaTanusupyer la- and 24-
hydroxylations of 25-hydroxycholecalciferol,

1 B ne4yeHun oHa kaTanusupyet 26-hydroxylation in
bile acid biosynthesis.

1 B HagnoyeyHukax, MUTOXOHAPMaArNbHbIM cytochrome
P450 B 6 pa3 bonee aktuBeH Yem ymtoxpombl LIMS



Cholesterol

Y
Pregnenolone

Y
Progesterone

CYP11A1

CYP17
CYP21A2

Y
11-Deoxycorticosterone

EnrtT

CYP11B1

icosterone

CYP11B2

Y
18-0H-Corticosterone

Y
Aldosterone

17-0OH-Pregnenolone

Y
17-OH-Progesterone
CYP21A2

Y
11-Deoxycortisol

CYP11B1

Y
Cortisol

—_—
CYP17

.

CYP17

Dehydroepiandrosterone

Androstenedione



Cholesterol (C-27) 22-Hydroxycholesterol

NADPH | 02

20,22-Hydroxycholesterol

HiC

H
“CH-CHz—CH2—C =0
H3C"”

Isocaproic aldehyde Pregnenolone {C-21)

Jocalneea

Testosterone

HO

HO

19-Hydroxy

HO

19-Oxo

Fed+- OH

HCOOH

HO

Enolization

OH
CYP 19
[—

0z

H

HoOH

OH

OH

H20

Estradiol

OH
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o CYP2B;54 10 7 _+sL.CYP1A2
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, ld’CYP3A4
Syt o CYPABY
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Hydrolases

1 Esters
R,COOR, ™™ R,COO + R,0OH
Procaine,
succinylcholine,
aspirin, clofibrate,
methylphenidate
1 Amides

Procainamide,
lidocaine,
indometnacin



|| dpa3a getokcukaumm

Tun JHAOT eHHbIU Tpauncdepasnbl Tunsl cyocTpaTos

KOHBIOTAIMM | PEAKTAHT (Jrokau3anms)

I'mokyponupo | UDP rimykyponoBasi | UDP-glucuronyl Phenols, alcohols,

BaHMNe KHCJIOTA transferase carboxylic acids,
(microsomes). hydroxylamines,

AuerunupoBan | Acetyl-CoA. N-Acetyl transferase Amines.

ne (cytosol).

Konbroranmusi ¢ Inyraruon (GSH) GSH-S-transferase Epoxides,

NIYTATHOHOM

(cytosol, microsomes).

arene oxides,
nitro groups,
hydroxylamines.

Konbloramus ¢ IuouH Acyl-CoA glycine Acyl-CoA derivatives
LIAIHHOM transferase of carboxylic acids.
(mitochondria).
CyasparupoBa | ®ochoagenosnadPocd | Sulfotransferase Phenols,
HHe oCyabdar (cytosol). alcohols,
aromatic amines.
MetuaupoBanu | S-AneHo3maMeTnoHuH | Transmethylases Catecholamines,

€

(cytosol).

phenols, amines,
histamine.
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Tryptophan catabolic degradation by
bacteria.

o
OH @)
OH
\ NH —E> \ + HoNe-
N
H OH

TRYPTOPHAN INDOL SERINE

N

SKATOL



YyacTue cynbgoTpaHcgepasbl B
obe3BpeXnBaHMU UHOONA.

OH 0—SO3H 0—S04K
Seags XN ge gy
PAP

HNupoa HNuaoxcua Nupokcuiicepuast KuBOTHBINI
KHCJIOTA HHINKAaH

E — cynbdpoTpaHcdepasa



Phase II-mediated activation of isoniazid (INH) to a
hepatotoxic metabolite.

C—N—NH, (INH)

Phase Il (acetylation)

I =

H O
|

C—N—N—C—CHg (N-acetyl INH)

Phase | (hydrolysis)

I i
N\ / C—OH + HiC c+: N—NH, (acetylhydrasine)

+ Acetylation of _
Isonicotinic acid * macromolecules (proteins)

Hepatotoxicity






Metabolism of acetaminophen (Ac) to hepatotoxic metabolites.
(GSH = glutathione; GS = glutathione moiety; Ac* = reactive
Intermediate.)

Ac-glucuronide ~m— A e—— -\ c -S| |fate

Cytochrome P-450

\

Reactive electrophilic
compound
(Ac*)

GSH Cell macromolecules
(protein)

GS-Ac* Ac* -protein

! N
! N

Ac-mercapturate Hepatic cell death



Model human Dver cell showing blood, bile and infesfinal compartments, indicafing tizsue
involvment of genes in the imnofecan pathway.

MpuHOTEKaH

| Irinotecan |—| CES2 H CES1 |—5| BCHE }—D—| SN-38 | Neutropenia
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]
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/
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- pake ANYHUKOB,
MEJTKOKINETOYHOM pake
Diarrhea n e rKO ro .




1 [lpoaykTbl Bcerga bonee rmapodusibHb|

1 OBbIYHO NPOAYKTLI MeTabonmMama fnerko
OKCKPETUPYIOTCS B MOYY

1 OObIYHO CYLLECTBYET HECKOSLKO
He3aBUCUMbIX NyTEN MeTabonmama

1 Phase | and Phase || meTabonuam are a
COMPSPKEH C APYrMMU SHOOTMEHHbIMU
cuctemamm metadbonmiama



Extracellular Cytoplasmic

face

P-rnmkonpoTteunH

nnn 6eriok MHOXXeCTBEHHOM
rnekapcreeHHou yctonuumBoctun 1, (MDR1;
CD243) — meMbpaHHbIN

6enok, rMmmkonpoTenH 3 cemenctea ABC-
nepeHoc4ukoB. ObecnevnBaeT NepPeHOC
MHOIMX BELLECTB, TakKMUX Kak nunuasbl,
cTepougbl, nentuasl, bunmpybuH v gap.,
yepe3 memMmbpaHy kneTku. [NpoaykT

reHa ABCBL1 (aHrsi. ATP-binding cassette
sub-family B member 1).

YCTaHOBIEHO, YTO BaXXHEULLEN NPUYNHON MHOXECTBEHHOW JfIeKapCTBEHHOM
YCTONYMBOCTU ABMNAETCSH NOHMKEHHOE HaKoMsieHMe LUTOCTaTUKOB B KneTke,
00yCroBrieHHOE aKTUBHbIM BblBEAEHMEM BELLECTB B MEXKIIETOUHYIO Cpeay. OTOT
TpaHCNOpPT ocyLecTBnsaeTcs P-rnmkonpotenHom, 6enkom rnnasmartndeckon MembpaHsl,
3a cyet aHeprun rmgponusa AT, Y yenoseka reH MDR1 (ot multidrug resistance

1) nokanunaoBaH B VIl xpomocowme . ['eH, npeanonoXxuTenbHo, copmMmpoBaBaH B
9BOMIOLUMN KaK pes3yrnbTaT BHYTPEeHHeN aynnmkaumn npumopananbHOu HYKIeoTUgHOM
nocregoBaTenbHOCTH.



https://ru.wikipedia.org/wiki/%D0%9C%D0%B5%D0%BC%D0%B1%D1%80%D0%B0%D0%BD%D0%BD%D1%8B%D0%B9_%D0%B1%D0%B5%D0%BB%D0%BE%D0%BA
https://ru.wikipedia.org/wiki/%D0%93%D0%BB%D0%B8%D0%BA%D0%BE%D0%BF%D1%80%D0%BE%D1%82%D0%B5%D0%B8%D0%BD
https://ru.wikipedia.org/w/index.php?title=ABC-%D0%BF%D0%B5%D1%80%D0%B5%D0%BD%D0%BE%D1%81%D1%87%D0%B8%D0%BA&action=edit&redlink=1
https://ru.wikipedia.org/wiki/%D0%90%D0%BD%D0%B3%D0%BB%D0%B8%D0%B9%D1%81%D0%BA%D0%B8%D0%B9_%D1%8F%D0%B7%D1%8B%D0%BA
http://medbiol.ru/medbiol/shtil/000032ef.htm
http://medbiol.ru/medbiol/01122001/afp/x000fa93.htm

MeTabonunam
STVIJ'IOBOFO ankorong

"""""" EtOH """""""":
erOX|§om N Cytosol
0, |ER |NAD"~
ADPH ~MEOS  ADH
i 450 Pyrazole
. NADH
| ADP" + y i
oeemee +> Acetaldehyde €
4 NAD* Mitochondrion
JAIDH
NADH Disulfiram Chldrpropamide
(antabuse) (diabetes)
\_ Acetate

Extra-hepatic tissue



Gluconeogen@asislc
(36P£;5 v GK

G6P
Cytosol v :l

Pathway Perturbations
Glycolysis -

F6P €
F16B P€g v PFK
Fl6pP=T— Ala_~

Y]

NAD{

PK
MDH
I-b'aCt &V@al ateNA% AA
- Malate A%
V., OAA

NAD

OAA —» PEP - ST o

X
FA\

NADH

Cit \

NADH

4 Malate

T

Fum

N

\ Suc aKGDH oKG

ICit

Mitochondrion
+ ICDH
NAD+ NADF

e

ZSIU



AKTUBHbIE (OOPMbI KMcrnopoaa w
NX yTmnmnsaums



KMCNorPoA
15,999

2s° 2p"

XapakrtepHasd
CTeneHb OKUCNEeHUS:

2




AKTUBHblIe POPMbI KMcnopoaa

CUHMEeTHBIA

Kucnopon 34CN
02 0-0r '02 0:0:
Cynepoxciug MMoponepoxrcua
AHWOH-paOMKaN paanKan
07" :10:0° HOs5 H:0:0°
MNepokcug [MaponepoKcKua
aHMoH AHHOH T
022- :0:0: HOz~  H:0:0:
Mepokcun Magpokcin [(mopoxcun
BOOOpOAA pPaanKan N AHMOH

Ho02 H:0Q:0:H HO H:0 HO~ H:0:



[ naBHble MmieHn AQPK - KneToYHble MeEMBpPaHHI,
MUTOXOHAPUN, umtockener, AHK

1 [loBpexgeHne ogHOW CUCTEMbI MPUBOAUT K MOBPEXAEHNIO

apyrux
1 AKTMBHbIE JOpPMbI KUCNOPOAdA KpauHe BPeOHbl ANA KINEeTKU
NX NPOAYKLUMA BO3paCTaeT B penepdy3noHHbIN nepuoa

1 [lotepu AT® nponcxodsaT B CreacTBMN HapyLLUEHUS
CUHTE3a N HEHOPMAaribHOM pPaboTbl MEMOpPaHHbLIX HACOCOB

1 CBOOOAHBLIN KanbLWX B LUTO305€ akKTUBUPYET
KaTabonuyeckne nyTtu



N~
-
-
-

Unreactive at STP, but a great
electron acceptor

Biological activation via
radicals, transition metals
Generally, radical
intermediates are enzyme-
bound

4 e~ reduction to water

-——_
-
-~

e e e
—

Reacts with virtually any molecule at diffusion-limited rates
The molecule that makes ionizing radiation toxic

Actually a chemical reductant

Not so terribly reactive with most biomolecules
Mitochondrial superoxide the major source of
active oxygen

Maintained at very low concentration
Superoxide dismutases

Not so terribly reactive with most biomolecules
Maintained at very low concentration
Catalases, peroxidases, GSH, etc...




Amplification Mechanisms?
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Reactive Oxygen species and the
Respiratory Chain

‘OH-

////;:;fl

Succinate
0, —— H,0,

MATRIX

SOD2

NADH

Complex I Complex I1 Complex I1I Complex IV



Generation of reactive oxygen species and the defense mechanisms
against damage by active oxygen

ER PEROXISOME
GSSH
P450
oxidase Gl
FADH,
oxidase Cytochrome oxidases H,O
O;
NADPH GSH GPX
02 oxidase
NADPH

Xanthine
oxidase

CYTOSOL

anion
channel

mitochondrial
electron transport chain . Mn-SOD GPX H,O

O2 ™ Hypoxia > 0 H,0, "cAT ¥




Mitochondrial

respiratory Chain ~a§= Stretch
increased oxygen

consumption produces = i

more O,~and H,0,. Neutrophil jury
Xanthine oxidase

Insufficient blood flow 0,
(hypoxia) leads to

degradation of ATP to PF‘H%
hypoxanthine producing

Neutrophil (PMN) -

Respiratory burst by pna.  (S°P yoc X

NADPH oxidase RNA "‘”UA
IL-1, IL-6 and TNF-a. /' \ MPO
Increases adhesion | H202 * CI
molecules and PMN Cytokines = [

infiltration (TNF,IL-1,6,8) = 02 ‘*Dzﬁmj Em

Lipoxygenase/cycloxy Fe' O,

genase O,  LOX gy LOOH
Activated by cytokines, — (

Fe
hormones and toxins \‘ OH

Contraction i
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The Mechanistic Canyon (circa 1995)
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The Mechanistic Canyon (circa 1995)
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1 Vitamin E

1 Glutathione peroxidase
1 Superoxide dismutase
1 Catalase
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Generation of reactive oxygen species and the defense mechanisms
against damage by active oxygen

ER PEROXISOME
GSSH
P450
oxidase Gl
FADH,
oxidase Cytochrome oxidases H,O
O;
NADPH GSH GPX
02 oxidase
NADPH

Xanthine
oxidase

CYTOSOL

anion
channel

mitochondrial
electron transport chain . Mn-SOD GPX H,O

O2 ™ Hypoxia > 0 H,0, "cAT ¥




NON! Enzyme Chemical Reaction

|_|2Q2 Catalase 2H,0,=2H,0 + O,

O, Superoxide Dismutase O, "+2H+=H,0,+0,

HOCI ? 2HOCI =0, + CI-
ONOO* ? ?

HO- None recognized HO- + R =R-OH

(Vitamin E)




Reactive species

Antioxidant

Single oxygen 'O,

vitamin A, vitamin E

Superoxide radical O, °

superoxide dismutase,
vitamin C

Hydrogen peroxide
_IZOZ

catalase, glutathione
peroxidase

Peroxyl radical ROOe  |vitamin C, vitamin E
Lipid peroxyl radical vitamin E

LOO°

Hydroxyl radical OHe |vitamin C



EXERCISE, FREE RADICALS,
AND ANTIOXIDANTS

G5SH

SDa" OH-LA
Synergistic function of antioxidant vitavins and thiols. R | free radicals; VE, wita-
mm K VIS, witeeenin B raeliend; ASNC, ascorbate, SOA, semidehydroascorbate; a-1.A4,
a-irporc acul; OH-IA, dilrpdroli




FREE RADICALS, LIPID PEROXIDATION AND ANTIOXIDANTS
™y M (1 (Y il

e
®

H40

]

(RH) iHHJ® G{)Fﬂ"l} (RH) {AH)} (AH) (RH) (AH)

1':-:'. :
|'_E

L Cell Membrane
(ROO) (ROHO=)

;\.@\* (ROQH)

00
ROCOH ROO» ROOH

D S

Wit E=OH Wit E<Ow Vit E=D

Glutathione peroxidase Vit C
(oxidized




BoctaHoBneHue anbda Tokodepona B nmnonpoTenHax

Lipoproteins Blood plasma Erythrocyte or endothelial cell

Dehydro-
(DAA) ascorbate  Glutathione
L veEeln dehydro- reductase  reductase
ROS —>< }( ascorbic acid TocOH b .
ibose-5-
GSSG
L TocO Ascorbic acid NADPH
H NADP* G-6-PDH
6-phospho-
gluconate DH
ROS—* Glucose

LOOH Glutathione

peroxidase



