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11. NMpouecu Ha 6uoakTuBupare (I u ll cpasa
Ha 6uoTpaHcopmaumsaTa) n AeTOKCUKauusa
— MeéXaHU3MM, 3HaYMMOCT

Oou. o-p M. MuyeBa gm

Pons Ha 6uoTtpaHcchopmauusta B neKkapcTBO-MHAyLMpaHaTa
TOKCUYHOCT

[eakTuBupaHe

neKapCTBO —l) CTaGUNeH MeTaGonur

BUWOAKTUBUPAHE l

Ekckpeuuns

KoeanenmHo cebp3eaHe ¢ l e G TR

aKmueHusi UeHmbp Ha eH3UM usnu

C MakKpoMoJsieKynume
¢ dpyau npomeuHu

l

HexenaHa JlekapctBeHaPeakuusn

TOoKCUYHOCTTa HacTbLMNBa, KOraTo € HapylleH 6anaHcbLT
Mexay 6MoaKTUBMpPAHETO, AeTOKCUKaUUATa 1
3alMTHUTE MEXaHU3MMK Ha opraHusma
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PeakTMBHU MeTabonNuTU - xapakTepucTuka

* MpoaykTn Ha eH3INMHOTO GMoaKTUBUPaAHe Ha
KCeHobuoTnyumre:
— B Npoueca Morart Aa yvyactBaT eauH UM MHOro
€H3UMHK
— B pe3ynTaTt Ha peaKuumu oT:
| ®a3a (okucneHue/penykums)
Il ®a3a Ha meTabonuama

* Hectabunhu
— MNo-enekTpodnnHu ca oT ManumMHaTa MorneKkyna
— C KpaTbK XMBOT (CEK — MUH)
— MoraTt ga npemuHaTt B cTabunHu metabonutu
— TpyaHo morat ga 6baaT onpeaeneHn QUPEKTHO

PeakTuBHM MeTabonutm — XapakTepuctTuka

B PeaktuBHM meTabonutu mMorart ga ce o6pasyBart oT
pa3nuyHu pyHKLUMOHaNHM rpynu (B CTPyKTypaTa Ha
KCeHOOMoTunKa):

- ®eHONU U XNApPoKcnugeHnN-cbabPXKaLLN
BellecTBa

- dypaH — cnepn pasuenBaHe

- AnkeHun — o6pasyBaTt CTabMNHN MEeXAUHHU
enokcuam

- FnoKypoHMpaHeTo Ha KapboKCcuUHa rpyna — auun-
rNIOKYpPOHUAN

TnnyHm npeacrtaButTenu

- MapaueTtamon, Kap6amasenuH, luknodeHak,
KnosanuH (HeBponenTuk-gubeHsoamnasenmHoBoO
npousBoaHo), XanotaH, TeTpaxnopmeTaH




KCEHOBUOTULMU

EABICANY P450 EH3UMW

OKWUCIEHU ENNEKTPO®UITHUA
PAOUKAN METABOJIUTU

cBOBOOH

KOBAJIEHTHO

MPEKUCHO OKUCNEHUE CBBP3BAHE
HA NUNWUANTE (NN) | H
» KNETbYHM
OCBOBOXOABAHE . NE3uK
HA ANOEXUOM

MEMBPAHHMW Momnu
Ca XOMEOCTA3A

MEMBPAHHU MUTOXOHAPUM

YBPEXOAHUA NPOTEUHEH CUHTE3

11.6.
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METABOJINTHO BUOAKTUBUPAHE - | ®A3A

CveaovHeHue PeakTnBeH metabonur Tokcu4eH edrekt
Br Br

OpombeH3eH YepHoapoOHa
HeKpo3a

H_ H
BUHUNXxnopug C=C_ ) . Pak Ha
H

Cl YyepHus Apo6
NH

2
aHUNUH MeTxemMornoouH
eMus

cl
B _ Y1/6L6pek
xnopochopm  H EI cl HeKpo3a

O6pa3yBaHe Ha cBOOOAHU paguKanu

CCl, P-450.¢ % + Cr

TeTpaxropomeTaH TphxnopmeTtunos
paaukan

*

CCl,” + RH —— CHCl, + R

xnopoccopm




PeakTnBHU MeXXAUHHN MeTabonNnUTM Ha achnaToOKCUH

AdnaTokcuH B,

0

OCHjs

AdnatokcuH B, Enokcuna

Aetokcukaums "4 DeTokcukauusa
N__O
Ochopen  UGTs; STs /©/ Y H
T — Ry CH,

N\(O
0]

[ O
HO CHy

XUHOH-MMUH
| OQ&NET} / J

BuoakTuBupaHe

CYP2E1 (uayuupa ce ot EtOH) \

[ o30-3aBuCMMO oGpa3yBaHe Ha peakTMBeH MeTabonuT
XenaToTOKCUYHOCT ce HabnioaaBa BbLB BUCOKU 003U
(> 4 g/Ha peH)

Okono 5% ot go3aTta ce meTabonusvpa A0 peaKTMBeH
xuHoHumMmuH (CYP 2E1, 1A2, 3A4)

MuHopeH
nbT

11.10.
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|_IN/COCH 3 N/COCH 3
CYP2E ‘\
“X__ HS-Protein
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S.D. Nelson, Drug Metab. Rev. 27: 147-177 (1995)

J.L. Holtzman, Drug Metab. Rev. 27: 277-297 (1995) 1.11.

/CH3 /CH3

N
Cl N= %
cypaso Cl N Covalent binding to
Peroxidase N proteins
N
H

Clozapine
MeTtabonusupa 0o peakTUBHU

MeXAWHHU MeTabonutu

* ATUNNYHO aHTUNCUXOTUYHO NIEKAPCTBEHO CPEeACTBO
* Mpepn3BukBa arpaHynouutosa npu 1% ot nauueHTUTE

— Bcuuku naumeHTn Tpsa6Ba nepuoauydHo ga uscneasart
KOJIMYECTBOTO Ha KPpbBHUTE KNETKU U No-cneuunanHo Ha
neBKOUUTUTE

11.12.
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OGpasyBaHe Ha rnmyTaTUOHOB aayKT

& COGIIN g™  (GnoakTMBMpaHe upes B3aNMOAEIHCTEHE C
H rnytaTtuoH — Il cpaza)
This can undergo an acyl rearrangement
cl and covalently bind to plasma proteins
a COH CO,H
@:N\é CYP2C9
Cl
Diclofenac
BuoakTuBu
CYP3A4 or ‘;;aar;eaqpesl m==P> Quinone Imme Intermediate
PerOX|dase

Covalent Modification|
of Proteins

cacl

@

OKUCAEHHUE

CBOBO/IEH PAJIMKAA
(ME)KJIMHEHMETAEOA £

METABOANUT i

7
Pt
A

KOHIOTMPAHE C
KAET;I)‘IHATA MEMBPAHA

AE3MS HA KAET']:‘-IHATA

JUPEKTHA
XENMATOTOKCUYIHOCT

4HTUTEAA
(- A HTU-MUKPO30OMU
- AHTU-MUTOXOHJIPUN)

T

AHTHUT'EHHA

-AHTUMEMBPAHHU AHTUTEAA
-AUM@POIUTH - KHABPU C/Y
YBPEJAEHUTE XEIIATOIINTH

A

____» YBPEXJIAHE HA XEIATOILIUTA

KAETBYHA CMBPT

L. 7¢
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XanoTtaHoBa CBPbLX4yBCTBUTENHOCT UMyHeH
AHTUreH / oTroBoOp
HanunyHn
KNeTKu |

? Mopaudmumpanm npOTewereh;);:gr:gv;tziii
Y
XenarouuT l
CF,CHBIrCI ? :
r
o CF,CO — ClI ‘
nloTtaH

TpaHCnopT KbM
\ / KneTb4yHaTa
NOBbPXHOCT
& S "

oo o

EnponnasmatuueH petukynym Y = CF,CO-

11.15.

Pa3nukn mexay AMpeKTHa YepHOAPOOHa TOKCUYHOCT U
CBPBbX4YyBCTBUTEITHOCT
(pe3ynTaTt OT eH3UMHOTO BMoakTUBUpPaHe)

Peakunm Ha cBpbX4yBCTBUTENHOCT HAvpekTHa TOKCU4YHa
peakuus

[030-He3aBMCUMU NPOMEHU [lo3o-3aBMCUMU NPOMEHU

Henpep,cxasyeMM — peakKku no I'Ipe,qcxasyeMM — Morart ga ce
yecTtoTa nposaBaTt Npu BCekn eAanH
cneg npeMunHaBaHe Ha

HeBb3npoussoanmm nparosata nosa

eKCnepMMeHTanHoO NnpomMmeHu
(3acera) [o6pa Bb3npon3soaMMoCT
npu eKCnepuMeHTasriHu

PasnuyeH naTteHTeH nepuopn XUBOTHU

(AHn-ceamMmuLin)
KpaTbk nateHTeH nepuog

CunbTcTBaWM (4acoBe-gHwM)

eKcTpaxenaTasiHM peakuum Ha
CBPbX4YBCTBUTENHOCT OCHOBHO ce 3acsira YepHUAT
Apo6 11.16.
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1. BuoakTnBupaHe Ha U3OHMA3MA Ype3 auemusiupaHe
(Il paza)
(@)
8 | |
NH—NH, C— NH—NH—C—CH, COOH
Auetun
= | TpaHcdepasa | = |
X x S
N N N
U3oHunasug AueTunusoHuwasunpg M30HMKOTUHOBA K-Ha
(NH) (ekckpeTupa ce

o)
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AueTUnxugpasuH
—C—CHg
leZO

N=N—H?—CH3

_/

H—NH

O

ype3 ypuHara)

,KoBaneHTo cBbp3BaHe
C MaKpoMorsieKynum

11.18.
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2. N-auemunupaHe (meta6onut oT | chasa), koeTo Boau A0
KaHUeporeHeH metabonur

CH;,
c:0

NHz CYP1A2 O O 3: NAT2 O O sH

<_—» Carcinogenic DNA Adduct

11.19.

HAN N O ZZNYN O

Minoxidil

3. Ypes cyrighamupaHemo moxe aa o6pasysa
peakTuBeH metabonut

11.20.

9/28/2008
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4. KOHIOIALKUA C TMYTATUOH (BUOAKTUBUPAHE)

ETann Ha 6uoakTuBMpaHe:
1. B yepHua opo6:
- O6bpasyBaHe Ha YepHOApPOOEH rnyTaTtnoH-S-koHoraT (upe3 GST)
- PaskbcBaHe Ha rmyTaTMOH-S-KOHIOratTa go LMCcTeMH-S-KoHoraT
(Y-enymamunmpaHcnenmudasa u yucmeuHusi2uyuHa3a)
2. B 6b6peka:
- LlnctenH-S-koHoraTta Ypes3 LMCTEUH-KOHIOraT--nuasa (eH3nm)

obpa3yBa eneKkTpounIHN TUOKETOHU (KOBaNeHTHO
CBbp3BaHe C KNeTbYHUTE MaKPOMOJSIEeKynun) —
HedPPOTOKCUYHOCT

Hanpumep:

JlekapcTBa — cis-nnatuHa; amdetamuH (Carvalho et al., 1996)
Pa3TBOpI/ITenI/I — AnxanoreHnpaHu asikaHu

I'IeCT)wuu,qu — eTuneHanbpomuna, xekcaxnopobyrtaameH (Guengerich,
2003).

11.21.

YacTtuyHo bmnoaktuBmpaHe
» Gly Ha rMyTaTUOHOBU KOHIOraTu

R-S-Cys
1 N\ Y -Glu

l

R-S-Cys

l

R-S-NAcCys =
MepKanTypoBa KucenvHa

c cl cl
cl _ cl peakTuBeH
— —_— — —
cl SH MeTabonurt
cl cl (o]
Hanpumep - xekcaxnopo6yTtagueH

ype3 B-nmas3a B 6bOpek
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BuoakTuBupaHe Ha 1-HacpTunamuH (azo-6ou 3a ouBeTsABaHe) Ype3
rnoKypoHun TpaHccgepasute (Il cpaza)

1-HacpTMNammH =————> pak Ha NMUKOYHUA MeXyp
H—N-OH duc—N—OH

o0 — 0 —

YyepeH Apob

prHa duc— N—OH

PeakTtuBeH

MeTabonut
11.23.

BuoakTuBupaHe Ha apoMaTHU aMUHU C yYacTueTo Ha peakuum ot | n Il dasa

O baps PaP e
( /\/\‘ RN r/ (\/
\)\/ W PPST NN\
2-HadpTMNamMuH N-OH-HadTMnammuu N- CY"4’°°K§%

HadTunnamm
P-PST DNA & Protein

PAPS § Adduct o6pa3syBaHi

PAP

HadTtunamun cyndamar

Cbabpxa ce B uMrapeHus gum m
AonpuHacs 3a pa3BUTMETO Ha paK Ha
NUKOYHUA MeXyp

9/28/2008
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PeaktuBHUTE MeTabONUTU - UBTOYHUK HA TOKCUYHMU peakuunu
= Bb3MOXHOCTHU 3a npeBeHLHNA

- PaHHa oueHKa Ha noTeHUMana Ha U3cneaBaHoOTO BeleCTBO Aa
06pa3yBa peakTuBHU MeTabonuTtn B XxoA4a Ha npeakKnmHN4YHuA etan

OTCTpaHﬂBaHe Ha XUMUYHU TPpynun, no3BonsBallu 6llloaKTVIBV|paHe

U3cnegBaHe 6uoTtpaHcchopMaLmsaTa Ha BELWEeCTBOTO U
unaeHTU¢UMuMpaHe Ha MeTabonuTUTE

PaskpuBaHe mexaHU3MuTe, y4vyacTtBaulu B 06pa3yBaHeTo Ha
MeTabonuTtu n nscnepBaHe Ha OTroBOpHUTE 3a Te3n MexXxaHn3ImMu
€H3NMUn

METOAU 3A OTKPUBAHE HA PEAKTUBHU METABOJIUTU:
— KoBaneHTo cBbp3BaHe — M3nCcKBa paanobenssaHo BewecTso

— YnaBsiHe Ha peakTMBHUTe MeTabonuTh Ypes N3nonsBaHe Ha
Hykneodunu (Hanp. rnyTaTUOH)

BuotpaHcdopmauuaTa Ha KceHoGMoTULUTE
(Bkn. nekapcTBa) BOAU [0:

1. ObpasyBaHe Ha OMOSNTIOrM4YHO HEaKTUBHM,
rogHu 3a eNIMMUHUPaHe NPoAYKTU

9/28/2008
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AETOKCUKUPAHE U BUOAKTUBUPAHE

KCEHOBUOTUK —l

METABOMNUTEH NbT A

(PEAKLIMXA HA OETOKCUKALIUA)

BUOJIOrMYHO EHOOMEHHU
HEAKTUBHM BELLECTBA
NMPOAYKTU

| |

ENUWMUHUPAHE

HE TOKCUYEH METABOJIU3BM

1
METABONIUTEH NbT B
(PEAKLIMA HA BUOAKTUBALIUA)

PEAKTMBHU METABOJIUTU

|

. KoBaneHTHa Bpb3Ka C:

- MemGpaHu

- KOMNOHeHTU Ha HTpaKNeTb4YHU
makpomonekynu (npoteuHu, AHK v ap.)

. KomnetatuseH unu “cynumpanen”

cybcTpaT 3a XXM3HEHOBaXXHMU GUONOrMYHN
peakuumn

TOKCUYEH METABOJIU3BM 11.27.

CblecTByBaT 5 OCHOBHM
MeTabonuUTHU

BBb3MOXHOCTMU
(no Gangolli & Phillips, 1993).

14
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OCHOBHU METABOJIUTHU Bb3MOXHOCTH

1. BewecTtBO “X” (TOKCU4YHO)

METABOSIMTEH NbT A

HETOKCUYEH KPAEH MNMPOOYKT

OCHOBHU METABOJIUTHN Bb3MOXXHOCTHU

2. BewecTtBo “X” (HETOKCUYHO)

METABOIUTEH NbT B

BUOJIOTNYHO PEAKTUBEH (TOKCUYEH) KPAEH NMPOAYKT

15
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OCHOBHU METABOJIUTHU Bb3MOXHOCTH

3. BewectBo “X” (HETOKCUYHO)

\ METABOJIUTEH NbT B

BUOJNIONMMYHO PEAKTUBEH (TOKCUYEH) KPAEH NMPOAYKT

\ METABOJIUTEH NbT A

HETOKCUYEH KPAEH MNMPOOYKT

OCHOBHU METABOJIUTHN Bb3MOXXHOCTHU

4. BewectBo “X” (HETOKCUYHO)

METABOSIMTEH NbT B

BUONOIr’MYHO PEAKTUBEH (TOKCUYEH) KPAEH MNMPOAOYKT
\ METABONUTEH MbT A

HETOKCUYEH KPAEH MNMPOOYKT

\ METABONIUTEH NbT B

TOKCUYEH KPAEH NPOAOYKT

16
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OCHOBHU METABOJINTHN Bb3MOXHOCTHU
5. BewectBo “X” (HETOKCUYHO)
METABONUTEH MbT A METABONUTEH NbT B
o\‘
HETOKCUYEH TOKCUYEH
KPAEH NPOAOYKT KPAEH IPOAOYKT

KPAUHUAT BUONOINMYEH PE3YNTAT 3ABUCU OT CTEMEHTTA HA
YYACTUE HA OBATA NBbTA -A, B
CYP-mepuupaHa

TnioKypoHnpaHe NMAPALIETAMOI peakuys
CyndpatupaHe A B
N-aueTun-p-6eH30XMHOHUMUH

HETOKCU4YHU (okono 5%)
NMPOAYKTU

KpanHuaTt pesynrar-
- TOKCUYEeH U/UNN HEeTOKCUYEH,

B buonornyHara cbaba Ha KCeHOOMOoTHKA
(nekapcTBO) B OpraHnama ce onpepens rrnaBHo
oT:

KvuHeTukaTa Ha yJdyacTtBawuTe eH3MMHU npouecu.

Bb3MoXxHOCTHU 3a 6VIOﬂKTVIBVIpaHe n AeTOKCUKauunsa Ha
CbOTBETHOTO HUBO — KII€eTb4HO, OpPraHHoO.

17
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dakTopu, NnoBNMABaLLM 6anaHca MexXxay TOKCUKauums
W AeTOKCUKaLumsa

OTHocuTenHaTa 4yacT Ha npouecuTe Ha TOKCUKauuna n
AeTOKCUKauusd, 3aBUCU OT HAJIMYHOCTTA Ha
MGT360]1M3Man.|,I/ITe €H3UMUN N TAXHATa aKTUBHOCT.

Hanu4yHocT Ha KochakTOpU

HanunyHoOCT Ha NPOTEKTUBHU CUCTEMU — BOAAT OO
OTCTpaHsAiBaHe Ha peakTUBHU MEXANHHU MeTabonutu,
BKJ1. U peakTMBHU KucnopoaHu coopmu (ROS),
obpa3yBaHu no BpeMe Ha 6uoTpaHcdopmauusta. Teaun
CUCTEeMM Ca HacuwaeMu 1 MoraTt Aia ce oKaxar B
HeAOCTUr UNn fa oTCbCTBAT NpPU onpeaerieHn TbKaHu.

11.35.

dakTopu, NnoBNUABaLLM 6anaHca MexXxay TOKCUKauums
U AeTOoKCcUuKaLuumsa

- EH3UMHU CUCTEMU

- Se-3asucuma-2nymamuoH nepokcuda3a (GP) — eH3uM,
KaTanusupaly pasrpaxaaHeTo Ha BooopoAeH nepokcua u
nUNUAHU nepokcuau npu Hanumumeto Ha GSH kato
cyb6ceTpar. Jlokanusauuma: uMTo300, MUTOXOHAPUMN.

GP __,
LOOH + 2GSH > =, GSSG + LOH + H,0

GP

H,0,+2GSH ——— =2, GSSG + 2H,0

rnymamuoH-pedykma3sa (GSSG-R) — eH3uM, gencTBaLy,

CbBMECTHO C rfyTaTUOH nepokcuaasara. Peayumpa

okucneHus rnytatuoH (GSSG), npu Hannumneto Ha NADPH.
GSSG-R

GSSG + NADPH + H* =_ 2  2GSH + NADP*

18
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dakTopu, NnoBNMABaLLM 6anaHca MexXxay TOKCUKauums
W AeTOKCUKaLumsa

- cynepokcudducmymas3sa (SOD) — kaTanusupa
o6e3BpeXxaaHeTo Ha CynepoKCUAHUSA paaukan

SOD
. . F
20, + 2H* ———— H,0,+ 0,

Nokanusauusa: uMTo30n, MUTOXOHAPUM

- kamana3a (CAT)- katanm3npa obe3BpexaaHeTo Ha
BOAOPOAHUS NepoKcua

CAT

Nokanusauusa: 6bLOpekK, YepeH ApPoO, KOCTEH MO3bK,
MyKo3a

dakTopu, NnoBNUABaLLM 6anaHca MexXxay TOKCUKauums
U AeTOoKCcUuKaLuumsa

HEEH3WUMHU CUCTEMU

- rnyTatuoH (GSH) — eHaoreHeH Hykneodun, KONTO
B3auMoOAencTBa C eneKTpoPUIHUTe peakTUMBHMU
MeTabonuTtun

- a-Tokocpepon (vit. E) — ynoButen Ha cBo6oaHu
pagukanm

- ackopbuHoBa kucenuHa (vit. C)
- B-kapoTeH (npekypcop Ha Vit.A)
- yOUXMHOH m ap.

19



OGe3BpexpaaHe Ha pagukanu ot vit. E

R°® Vit E 2GSSG
penykrTa3za
Ha CBOOOIHH
|
|
RH Vit E* ! GSH
|
|
MEMBEPAHA '\ IIHTO30.]1

11.39.

| ®a3a HytpueHtu:
muumH

NAC
Butamuum ot
rpyna B

| ®asa HyTtpueHTu: AHTUOKCUOAHTH:
BuTtamuHu ot rpyna B OUTOHYTPUEHTH
[nytaTnoH ButamuH C, E
dnasoHonan MuHepanu

I Il ®aza
TokcuHu (Ll,moxpTTP450) LB BRI (nwé* 2 U (O RTpEE)
. MeTabonuTty yndatupate
peakuumn: okucneHne KoHiorvpare ¢
aMWHO KUCEMUHM
[miokypoHuanpaHe
CBbp3BaHe C rnyTaTuoH

yBpena

9/28/2008

20



3nons3BaHe Ha M3BECTHM BeLLLeCTBa 3a
oLeHKa Ha ha3nTe Ha AeToKcuKaLms

CHALLENGE COMPOUNDS

Caffeine Acetaminophen Aceytlsalicylic Acid
(Aspirin)
PHASE I-OXIDATION Catechol
10%
Salicylic Free Radical
Caffeine Acid attack

Clearance

2,3-Dihydroxybenzoate

Demethylated )
50%

Products

Tissue p L
: Toxic Metabolite

Damage
g ""‘"—-—-—..{NAI'QI_J Glutathione «— Cysteine
PHASE II-CONJUGATION

Aercaplurate Sulfate .
Glucuronate

Glutathione e
conjugation Glucuronidation,

Mercapturate Acetaminophen Acetaminophen 2-Hydroxyhippurate
sulfate glucuronide

Glycine

Glycine
conjugation

ly

11.41.

dakTopu, noBnNMABaLLM 6anaHca Mexay
TOKCUKaLUA U geToKcuKauus

4. [lo3a n HacuwaeMoCT Ha MeTabonNUTHNTE NbTULLA

5. FeHeTU4YHM Bapuauuu B eH3UMUTE, KaTanusmpawm
pasnu4yH1UTe MeTaboNUTHM NbTULLA

6. UHAyKUMA U MHXMOMLMA HA eH3MMUTe, y4acTBalLm B
6uoTpaHcdopmayusaTa

7. BupoBa pa3snuka

8. TwbkaHHa cneuuduka B €H3IUMUTE U UBOEH3UMUTE
9. Owuera

10. Bb3pacr

11. 3abonsBaHuA

12. NMon

9/28/2008
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