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Zakladni Clenéni
Uéinek plisobeni Skodliviny je dan rozsahem
metabolismu.

Nékolik rodin enzymu se Sirokou substratovou
specifitou.

Vétsina metabolismu xenobiotik = jatra, strevo, plice, kiize

Faze | — zpolarizovani slou€eniny (oxidace, redukce,
hydrolyza ... - cytochromy P450, flavin obsahujici
monooxygenasy, reduktasy, hydrolasy, atd.)

Faze Il — vazba s endogennim substratem
(glukuronidasy, sulfotransferasy, methyltransferasy, atd.)
- Faze | + Il — deaktivace i aktivace (reaktivni intermediaty)
.Faze lllI* — transport ven z bunky (p-glykoprotein,
OATPs, OCTs)
(,,Faze 0“ — transport dovnitr bunky)
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Reakce faze |.
-Zavedeni / odkryti polarni skupiny

-Epoxidace/hydroxylace — benzo(a)pyren (produkt spalovani),

aflatoxin B1 (mykotoxin)
o o
(8]
it
Lc:J\:::n ~ OCH,4 - 0

Aflatoxin B Aflatoxin B, epoxide

i

-Dealkylace — ethylmorphine (opiatové analgetikum), p-nitroanisol

(barviva)
o OH

CHLHD o OH CHCHLDO

ethylmorphine narethylmorphine
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Reakce faze |l.

-Oxidace — chlorpromazin (neuroleptikum) —
1 Qo MAZINE :
"Eh '-.SH 'n'lr:;»“;)l ulbs :
SESE N4 B!
Pa450 i
N = - <l =
CHACHCHN(CH ), CHCHCHN(TH,), S
chlarpromazine chlprpromazine sullonids

-Desulfurace — parathion (insekticid), sirouhlik (na vyrobu
kau€uku, celofanu)
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Reakce faze |.
Cytochromy P450 — pigment

- absorbce pri 450nm ve vazbé s CO
- Protein + Hem

- reakce: RH+NADPH+H +0; — ROH+ NADP + H,0

-Monooxygenace — drive ,,oxidace se smisenou funkci
-Vétsina tkani — jatra, streva, plice - kotveny v ER (mikrosomech)

-Nutna komponenta - reduktasa

C'J
2H"
NADPH oxidovany flavoprotein
L—Pe -0
MNADPH: cytochrom P450
reduktasa cytochrom P450 + voda

Fe *  oxidovana latka

redukovany flavoprotein

Kenobiotic ky substrat (L)
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Klasifikace / Nomenklatura P450 — podobnost
v AK sekvenci

CYP3A4
/ \ Individualni €len
Cytochrom | Podrodina, 55% homologie,
P450 Rodina, 40% geny na stejném chromosomu
homologie
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Reakce faze |.

Carcinogens/Toxicants'

Magnostic Substrates

P450 Dirugs Endogenous Substrates In vive [In witro)

1Al Verlukast (very few dmgs) Benzola)pyrene, [ Ethoxy resorufin,

dimethylbeny{a)anthracens benzod ajpyrens)

142 Phenacetin, theophylline, Aromatic amines, Caffeine, [acetanilide,
acetaminophen, arylhydrocarbons, NMK_3 miethox yresorufin,
warfarin, caffeine, aflatoxin, estradiol ethox yresomifin
cimetidine

A6 Coumarin, nicotine Aflatoxin, diethylnitrosamine, Coumarin

NNK?

2HG Cyclophosphamide, & Aminochrysene, aflatoxin, [ T-ethox y-4-trifluono-
ifosphamide, nicotine MNK? meethyl coumarin]

2CE Taxol, tolbutamide, — [Chloromethy]l Aworescein
carbamazepine diethyl ether]

-9 Tienilic acid, tolbutamide, — [ Diclofenac (47 -0OH)]
warfann, phenytoin,

THC. hexobarbital,
diclofenac

2019 S-Mephenytoin, diazepam, — [ 5-Mephentoin (4" -0OH))
phenyloin, omeprazobe,
indomethacin,
impraming, propanclol,
proguanil

26 Debrisoquine, sparteing, NME? Dextromethorphan,
bufuralol, propanclol, [bufuralol (4 -OH)
thioridazine, quiniding,
phenytoin, fuoxetine

2E1 Chlorzoxazone, isoniazid, Dimethylnitrosamine, ben- Chlorzoxazone (6-0H],
acetaminophen, zene, halogenated alkanes [ p-nitrophenol ]
halothane, enflurane, (eg, CCly) acylonitrile,
methoxyflurane alcohols, aniline, styrens,

vinyl chloride
ELT Nifedipine, ethylmorphine, Aflatoxin, -nitropyrens, Ervthromycin, nifedipine

warfarin, quinidine,
taxol. ketoconarole,
verapamil,
erythromycin, diazepam

benzo(ajpyrene 7,8-diol, &
aminochrysens, estradiol,
progesterone, lestosterone,
other steroids, bile acids

[testosterons (6-F))

- 18 rodin u savcu
- jen rodiny 1-3
metabolizuji
xenobiotika

http://drnelson.uths
c.edu/CytochromeP
450.html

http://www.icgeb.tri
este.it/p450
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Reakce faze |.

Rodiny CYPu v metabolismu xenobiotik

CYP1 - CYP1A1l/1A2/1B1

- 1A1/2 — prekryvajici se substratové specifity — aktivace
prokarcinogenti

- 1A1 — extrahepatalni enzym — plice, prsa
- 1A2 — jaterni enzym

- indukce exprese polyaromatickymi aryluhlovodiky (PAH),
dioxiny pres Aryluhlovodikovy receptor (AhR)

DY
ZNTx HO' \l/\
OH

— ﬂ
DH
HO*
Benzo(a)pyrene Benzo(a)pyrene Benzo(a)pyrene

7.8 epoxide 7.8 dihydrodiol

Benzo(a)pyrene
7.8 diol-9.10 epoxides
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Rodiny CYPu v metabolismu xenobiotik

Reakce faze |.

A Halothane BP

- CYP2 - 10 podrodin M;,,;-;, =
- 2A6 — prevazné jatra F Br
(halothan — inhalaéni anestetikum; F

nikotin — asociace s kourenim)

=9 4
- 2B6 — jatra — vysoka variabilita mezi %
jedinci (methadon — synteticky opiat, 0 O

cyclophosphamide — alkylaéni cytostatikum)

Tento projekt je spolufinancovan Evropskym socidlnim fondem a statnim rozpoétem Ceské republiky.
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Reakce faze I.
Rodiny CYPu v metabolismu xenobiotik

H,C
2C8, 2C9, 2C19 — jatra cca 20 % - role C ] HYO
polymorfismu — PM = poor metabolizers N

0 CH,

— cca 3-5 % bélosi, 12-23 % Asiaté

(mephenytoin — antikonvulzivum)

i

- 2E1 - regulace zvysenou stabilitou mRNA a proteinu (ethanol,

e

acetam | no p h en, akryl am | d) Foods Containing Acrylamide

R

acetaminophen
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Reakce faze |.

- CYP3 - regulace prevazné skrz pregnanovy X receptor (PXR)
- 3A4 — cca 30%, metabolizace cca 50-60% lé¢iv
(cyklosporin A —

ImunosupreSIVum; 0 T 3 f: al"%“
CycloSPORINE
Capsules, USP

© kf [MODIFIED]
[ 100 mg |

digitoxin — srdeéni selhani;
midazolam — antikonvulzivum, anxiolytikum;
tamoxifen — rakovina prsu)

L

MIDAZOLAM |

HCI INJECTION _
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= nutnost testovat na mezi-lékoveée

Interakce (drug-druq interactions)
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Reakce faze |.

Flavin obsahujici monooxygenasy (FMO)

- zavislé na NADPH a O,

- 6 isoforem — FMOL1- 6, cca 82% podobnost mezi orthology
- nékteré ztraci expresi v dospélosti (FMO1)

- nejvice zastoupena isoforma FMO3 — nezavisla na pohlavi (na
rozdil od jinych druht) — nékteré polymorfismy zodpovédné za
»i1sh odor syndrome* — neschopnost metabolizovat
trimethylamin na N-oxid

- latky obsahujici nukleofil — vhodny substrat (chlorpromazine,
tamoxifen, nicotine)
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- FMO jsou termolabilni — moznost odliSeni CYP vs. FMO aktivity
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Nemikrosomalni oxidace

- mitochondrie, cytoplasma

- Alkohol dehydrogenaza
(EC1.1.1.1)

- reakce je reversibilni

- jatra, ledviny, plice

- dimer, muze pouzit NAD*
nebo NADP* (pomalejsi)

Investice dorozvoje vzdélavani

- inhibice heterocykly (pyrazol, imidazol)

RCH,0H + NAD™ —— RCHO 4+ NADH + H*

Reakce faze |.

Ethanol
MAD* CH4CH.OH NADPH + O,
Alcohol
dahydrﬂgenagaX XE 0s
CH;CHO

NADY \
Aldehyde
‘-/ dehydrogenase
NADH k\vu
L\__

A\
Acetate
CH4C00™

Source: Katzung BG, Masters SB, Trevor A 8arsic & Cliticsl Pharnracalagy,

11th Editian: hitpffwww, accaessmeadicine, corm

Copyright & The McGraw-Hill Cormmpanies, Inc All rights reserved.

One single use vial
NDC 0781318273

Fomepizole
Injection

(1 g/ml) .
Comattars Muat toe dhted
-

Sk

Tento projekt je spolufinancovan Evropskym socidlnim fondem a statnim rozpoétem Ceské republiky.
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Reakce faze I. -

Nemikrosomalni oxidace oy e

- Aldehyd dehydrogenaza (EC 1.2.1.3)
- aldehydy — tvorba z intermedialniho metabolismu
(biogenni aminy, lipidy)
- inhibitor Disulfiram (Antabus)
- Casto toxicky ucinek — elektrofilni slou€eniny

RCHO + NAD® —— RCOOH + NADH + H*

- lidé — 16 genu + 3 pseudogeny
- polymorfismus aldehyd dehydrogenasy 2 —

»flushing syndrome® — u Asiata (cervenanl v obliceji,
tlukot srdce, kocovina)

- Xanthin oxidaza — obsahuje Mo

INVESTICE
DO ROZVOJE
VZDELAVANI

Investice dorozvoje vzdélavani

Tento projekt je spolufinancovan Evropskym socidlnim fondem a statnim rozpoétem Ceské republiky.
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Reakce faze |.

Nemikrosomalni oxidace

- Amin oxidazy

- Monoamin oxidazy (MAQO) — jatra, mozek, ledviny,
streva, desticky

- CNS —turnover neurotransmiteru

CH,NH, CHO
T 5
[" | + 0, + mo— [ H + NH;+ H,0
“ﬁrﬁu_,f’ %ﬁf’
Cl Cl
p-Chlorobenzylamine p-Chlorobenzaldehyde

- Diamin oxidazy — jatra, ledviny, placenta
- pyridoxal fosfat obsahujici proteiny s medi

H,N(CH;)sNH, + Oy + H,0— H;NI(CH,),CHO + NH; + H,0,
Cadaverine

Tento projekt je spolufinancovan Evropskym socidlnim fondem a statnim rozpoétem Ceské republiky.
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Cyklooxygenazy (kooxidace)

Reakce faze |.

- prostaglandin H syntaza (PHS, COX) — plice, ledviny (mikrozomy)

- glykoprotein — obsahuje hem

- 2 formy — COX-1 (housekeeping) / COX-2 (inducibilni, pfri

zanétech)

- v tkanich s nizkym CYP je vysoka exprese COX =

Arachidonic acid

|. Cyclooxygenase

2. Peroxidase

Investice dorozvoje vzdélavani

karcinogenicita aromatickych amini

~— N Ncoon

paG,  OOH
i} /" Xenobiotic
l '-(_k cooxidation

~

1‘-&“—/\/\
— COOH

PGH, OH

Tento projekt je spolufinancovan Evropskym socidlnim fondem a statnim rozpoétem Ceské republiky.
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A Reakce faze |.
Redukcni reakce

- Nitro redukce — nékteré bakterialni mikroflérou, enzymaticky

(CYP) i neenzymaticky NO, NO NHOH NH,
oo ™ r

T P i T

- U~ U~

Nitrobenzene  Nitrosobenzene  Phenyl- Aniline

hydroxylamine

- Azo redukce — anaerobni podminky a NADPH, bakterialni
mikrofléra

CH, CH;
’.—/ r=l/ HyC CH;
N / ,
{ Nn=n— — Nt — ) '\—\—< I \/I'
, _ '{\.‘ .-"? -
NH,
- Aminoazotoluene E{].dm.m dl..m.:lm Amine products

- Disulfidové redukce — mnoho reakci vicestupnovych, posledni
reakce katalyzovana glutathion reduktasou s GSH jako

kofaktorem s s S
[ I
RSSR + GSH —— RSSG + RSH (C;H5NCS—SCN(C;Hs), —= 2 (C;H5),NCSH
RSSG + GSH —— GS5G 4+ RSH Disulfiram Dimethyldithio-

carbamic acid

GSSG + NADPH + HY —— 2GSH 4+ NADP?

Tento projekt je spolufinancovan Evropskym socidlnim fondem a statnim rozpoétem Ceské republiky.



Reakce faze Il.

Konjugace produktu faze I. s endogennimi latkami

- cukry, aminokyseliny, glutathion, sulfat, etc.
- polarnéjsi, méné toxické, snazsi urinarni exkrece

Glukuronidace

- reakce s uridin 5’-difosfoglukuronovou kyselinou (UDPGA)

= - absolutni pozadavek — ostatni UDP-cukry nestaci
R kafalyzevl UDP-glukuronosyl transferazou (UGT) — mikrozomy jater,
Ef = ledvin, streva J
- © HO O
Y N Y 1/
i > HO) P
o \ COOH N NH
= ~NH 0— WL
ROPSKA UNIE g .,'-. g" OH COOH HO}, /..__I_/L"wf::"
A ¢ 0— g 7 Q |
’\'GT' 2 = o O M uer 0 on =/ 7 a
o C\J Hﬂ ""-_-'iL'}' c]:}r 0 oy o — C\‘% + UDP Oxazapam
T =
@ HO” OH 2 J PN
okonarenesciomost = | -Naphthol UDPGA Naphthol glucuronide L /Tl/,__{.--"
INVESTICE 7))
DO ROZVOJE ) .
VZDELAVANI > Cioumarin
c

Tento projekt je spolufinancovan Evropskym socialnim fondem a statnim rozpoétem Ceské republiky.



Glukuronidace Reakce faze Il.

- produkty méné chemicky a biologicky aktivni

- vyjimka: N-hydroxy-2-acetylaminofluoren — neschopen vazby na
DNA bez metabolismu — po glukuronidaci — hepatocarcinogen

- substraty: NSAIDs, hypolipemicka lé€iva (clofibrate), antikonvulziva
(kys.valproova)

-2 rodiny
- UGT1 - enzymy vzniklé alternativnim
splicingem (sdilené exony 2-5) — 9 isoenzymu

K%

evropsky

socialni

- UGT2 - produkty rozdilnych genu -
glukuronidace steroidu, zluéovych kyselin —
10 isoenzymu

fond v CR

EVROPSKA UNIE

n e WY:
Ethinylestradiol/Levonorges

pReuze UGILAT konjuguie bilirubin - e
nedostatek ¢i inhibice alternativnim e
* Wi substratem (ethinyl estradiol) = Zloutenka L — T
ZAARE @ (bilirubin > 35 pM v krvi) ==

Investice dorozvoje vzdélavani
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Sulfatace Reakce faze Il.

- sulfotransferasy (SULTSs), sulfatasy

- hormony (testosteron, T3), katecholaminy, alkoholy, arylaminy
0

f__/?{f 7 N on p L HO f_"x T
W\ /N HOw, '
Estrone Dopamine Acetaminophen
- energeticky narocné — 2 ATP pro syntézu PAPS (3’-
phosphoadenosine 5’ —phosphosulfate)
-nejen inaktivace ale i vznik reaktivnich produktu (1-
hydroxysafrole)
(H
- 4 rodiny — cytosolické enzymy AT TR AT A | ] aitmpheno
- phenol SULTs (SULT1) 50, N s S s - ¥
- hydroxysteroid SULTs (SULT2) \ >
- SULT4A1, SULT6B1 Rl I
-Siroka tkanova distribuce J\ N - /
2 4-nitrophencl
sulfate

NO,

Tento projekt je spolufinancovan Evropskym socidlnim fondem a statnim rozpoétem Ceské republiky.



Methylace Reakce faze Il.

- methyltransferazy — darce CH;- skupiny je S-adenosyl methionin
(SAM)
- N-methyltransferazy — nikotinamid N-methyltransferaza

[ N
| . .
— > S-Adenosyl- ) S-Adenosyl-

|
P s A |
4 | N+ methionine — (= | N+ homocysteine
| (SAM) | (SAH)
s e C

d‘:\'\;" “ N “'.,

Mornicotine Micotine

- O-methyltransferazy — katechol-O-methyltransferaza (COMT) —
vyzaduje SAM a Mg?*- methylace adrenalinu a noradrenalinu —
jatra, ledviny — cytosolicka, membranové vazana forma

K%

evropsky

- S-methyltransferazy — thiopurine S-methyltransferazy -
mikrosomalni enzym - 6-merkaptopurin (imunosupressivum)

socialni
fond v CR

Biomethylace prvku Hg?* — + CH;HGY — (CH3). He

- pomoci mikroorganismu - environmentalni toxikologie —
methylace kovll zvysuje dostupnost v zivych systémech - enzymy
— vyuzivaji SAM nebo B12 - Pb, Sn, Tl

Tento projekt je spolufinancovan Evropskym socidlnim fondem a statnim rozpoétem Ceské republiky.
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Reakce faze Il.

Glutathion-S-transferazy (GSTs)

- konjugace elektrofilniho substratu s
glutathionem (GSH)

i SG
‘_____)\ M e MOk
| + osn — + HCI
N ~
NO NO;
| -Chloro-

2 A-dinitrobenzene

- 3rodiny - cytosolicka (sav€i — dimery)
- mitochondrialni
- mikrosomalni

- bunééna ochrana pred oxidaénim stresem
- distribuce - jatra, ledviny, mozek
- substraty GST - epoxidy, estery, peroxidy

Investice dorozvoje vzdélavani

RX + HSCH,CHC(O)NHCH,COOH

NHC{O)CH;CH,CH(NH,)COOH

l glutathione S-transferase

RSCH,CHC{O)NHCH,COOH
NHC({0}CH;CH,CH(NH;)}COOH

l ¥-glutamyltranspeptidase

RSCH,CH(O)NHCH,COOH + glutamate
NH,
l cysteinyl glycinase
RSCH,CH(NH;)COOH  + glycine
l N-acetyl transferase
RSCH,CHCOOH

NHC{OYCH;
Mercapturic acid

Tento projekt je spolufinancovan Evropskym socidlnim fondem a statnim rozpoétem Ceské republiky.



Reakce faze Il.

Acetylace (arylamine N-acetyltransferases )

- 2 typy reakci — detoxifikace - pomoci koenzymu A (CoA), N-

acetylace (benzidine — barviva)
0

SN\ | _
HEH ".\‘ /.f'll hH: + ':-'.'!-.-ﬂn —_— EH@CHh '\\ J_,-"'II hH:
Benzidine

- aktivace cizi struktury a nasledna acylace
aminokyselinou (O-acetylace) — 3-nitrobenzanthrone (vyfukové
plyny)

COOH Ci{)5CoA

i

=
+ ATP + CoASH — | + PPi  + AMP
T,

Benzoic acid

R

Cl5CoA C{ONHCH-COOH

X X
L H + NH,CH,COOH === r | + coasH
OP Vzdélavani H‘l} - hy"
INVESTICE Hippuric acid

DO ROZVOJE
VZDELAVANI

Investice dorozvoje vzdélavani
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Faze Ill.

Transmembranovy prenos

iy R

OH ,
- P-glycoprotein (MDR1) — transport N\ BEEEAN ERLLS
rozli€nych sloucenin vné bunku (ATP- "o iJOH & ‘
dependent) — cortisol, paklitaxel, jl/\, 2 '
cyklosporin A, vinblastin, rifampicin NG \TT \DP+P
ey AOH :
e o S F 2
["}:, J;]\‘/J ”‘N'ﬂ\j /O?i HO a OHO T
HyCo” S0 J\CHcha - o OO A
H3C0 0COCH; ¢ OH K/N\
CHJ 0HCOOCH3 o}
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- OATPs (Organic anion transporting polypeptides) — transport
amfipatickych rozpoustédel — zlucové soli, organicka
barviva, thyroidni hormony - BBB, plice, srdce, strevo

- OCTs (Organic cation transporters) — malé organické
kationty — tetramethylamonium, cholin, dopamin, serotonin
- jatra

OP Vzdélavani

pro konkurenceschopnost
INVESTICE
DO ROZVOJE
VZDELAVANI

Investice dorozvoje vzdélavani

9]0y |
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Reaktivni metabolity
- Interakce s bunéénymi cili = toxicky u€inek
- 40. a 50. léta 20.stoleti — dukaz konverze —
reaktivni metabolity azo barviva DAB (N,N-dimethyl-

4-aminoazobenzen ) — hepatokarcinogen — vazba na
proteiny a nukleové kyseliny

— elektrofilni Xenobiotic ——» Nontoxic Metabolite ——  Elimination
b A4 n . mh“ah l T __/_,.-*
= slouceniny (v téle A ~
= reaguji s nukleofily — Reactive Metabolite
gf o proteiny, nukleové l
evropsky N . ~
o v : kyse“ny’ GSH)’ VOIne Binding to Cellular Molecules
I radikély (Enzymes, Receptors, Membranes, DNA)
> J !
N e ¥
o
o - Cesta aktivace Toxicity Cellular Repair
T N (Tissue injury, Cancer,  (DNA repair, Protein
¥ je VetSIHOU Physiological changes) synthesis, etc)
weree o minoritni
VZDELAVANI S
=

Tento projekt je spolufinancovan Evropskym socidlnim fondem a statnim rozpoétem Ceské republiky.



K%

evropsky
socialni
fond v CR

EVROPSKA UNIE

on

OP Vzdélavani

pro konkurenceschopnost
INVESTICE
DO ROZVOJE
VZDELAVANI

Investice dorozvoje vzdélavani

Reaktivni metabolity lI.

Parentalni sloucenina (prokarcinogen)
Ultimatni karcinogen/toxicky metabolit

Aktivacni enzymy
- tkanoveé-specificka toxicita
- inducibilita

Tvpe of Reaction

Enzyme

Oxidation

Reduction

Conjugation

Deconjugation
Hydrolysis

Cytochrome P450s

Prostaglandin synthetase

Flavin-containing monooxygenases

Alcohol and aldehyde
dehydrogenases

Reductases

Cytochromes P430

Gut microflora

Glutathione transferases

Sulfotransferases

Glucuronidases

Cysteine S-conjugate fB-lyase

Gut microflora, hydrolyses

Tento projekt je spolufinancovan Evropskym socidlnim fondem a statnim rozpoétem Ceské republiky.



Reaktivni metabolity lIl.

-S kratkou dobou zivota - vazba na parentalni enzym -
,Sebevrazené substraty” — tienilova kyselina

-Se stredni dobou zivota - zustavaji v buiice — kovalentni
modifikace bunky = lokalizované tkanové poskozeni

-S dlouhou dobou zivota- transport do jinych éasti téla
(aromatické aminy — metabolisace v jatrech a transport do
mocového méchyre kde dochazi k uvolnéni v dlisledku kyselosti
moce)

K%

evropsky
socialni

fond v CR

Faktory ovliviiujici toxicitu reaktivnich metabolitt

- hladina aktivacniho enzymu — indukce vlastniho metabolitu
(PAH)

- hladina konjugacniho enzymu
- hladina kofaktoru ¢i konjugacénich slouc¢enin — N-acetylcystein

oooooooooooooooooooooo

INVESTICE
DO ROZVOJE
VZDELAVANI

Investice dorozvoje vzdélavani
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Reaktivni metabolity lIl.

Osud metabolit
- vazba na makromolekuly
- peroxidace lipidu

- uvéznéni a odstranéni - rovnovaha pfisunu a
odstranéni toxikantu — protektivni role GSH

Unsaturaled folty scids
N

\E l__—— _-I-I\l
\© H H H H H H H H H H H H H H H H
> J-I-IIIJI IIIIIII- J-I-IIIJI-
s | I I I | - ’
>0 H {[9* H H H H T [icne conjugate
o) Fatty acid radical

=5 0,

evropsky N .

socialni >

fond v CR o 1 H Cl H H H H H H H
— ] I_ _ {P30) I H - I_I | | | I I
o Cr—— (] ——— C—{—(]— C—(—C I—-' [CIOHRC, I—-"-T]=':H ——C '-’i C—C=0C— =

Cl II
: 1 | Cl H 1
o Firoe radical Fhosgene
- Tetrachloramethane {hlarodoam OH  Hydroxyperoxide
o :
© L) {} Deoompaosition 1o
S Furt als and

o C—_—o urthor radicals on
o # | ““\ g lipid disintegration

OP Vzdélavani I I J

pro konkurenceschopnost b H products

)

INVESTICE ") Malondialdehyde

DO ROZVOJE o)

VZDELAVANI
>
c

Tento projekt je spolufinancovan Evropskym socidlnim fondem a statnim rozpoétem Ceské republiky.



K%

evropsky
socialni
fond v CR

EVROPSKA UNIE

on

OP Vzdélavani

pro konkurenceschopnost
INVESTICE
DO ROZVOJE
VZDELAVANI

Reaktivni metabolity IV.

— 3
Parath 1on CHyCH,0. [ | Detoxication
esticid SP—0- "%L f”“f pso CHSCHO-p /% no,™~
P J ) CH:CH,07 = CHiCH,0” N/
sebevrazedny * Inhibits
, Parathion Paraoxon Acetylcholinesterase
substrat
. - H 0
Vinyl chlorid - e, AL Iy
sebevrazedny H,.CZ Cl ) v “ L a
SUbStrét, Vinyl chloride Chloroethylene oxide Chloroacetaldehyde
karcinogen | [N |
Covalent binding to G5SH conjugation
macromolecules

protijed = etanol

Methanol - akumulace formaldehydu vede ke
slepoté, prilezitostné k smrti v disledku acidosy,

CH;0OH i -

Methanol

4 lcohol Aldehyde

Dehvdrogenase

HCHO HCOOH

Dehvdrogenase

Formaldehyde Formic acid

Investice dorozvoje vzdélavani
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Reaktivni metabolity V.

Aflatoxin B1 -

hepatokarcinogen,
toxicita se liSi mezi
druhy

Aflatoxin By (AFB1)

0 (]

¢ (]
0. e
Sev
oL S/

Aflatoxin B epoxide

Detoxication

Covalent binding
to macromolecules

Chloroform - zpusobuje akumulaci tuku a jaterni nekrosu

Unsaturaicd faliy o
N

Cids

-
H H H H

Tetrachloraomethane

H I:I_-x
Cl ‘ﬁ
I

Ll

—
|

-
I

H

(P45} D . I
C—C—C —— O—C— 00— C—C— 00—~ [COHNCL, |
(P45}
1 1 l
Froe radical

Chlarodioem

Fatty arid radical

-HIC1

0,
. H H H H
Cl
{II=(Z'/ —I!"=I!‘—{I—l!—
\\{.. | !
N 1 ¥
Phosgene |

| -
H

(3

(¥ Decompasition 1o
_(‘# furthor radicals and
lipid disintcgration

Malondinldehyde

Hydromypermaide

praduscis

Investice dorozvoje vzdélavani
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Reaktivni metabolity VI.

Acetylaminofluoren - SO, Vs

eliminace jako glukuronid, NHCOcH; /O
N-Hydroxy AAF

O -glucuronide

2-Acetylaminofluorene Clucuronide conjugate

aktivace jako sulfét 2-AAF l (detoxication)
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Reaktivni metabolity VII.

Acetaminofen - (paracetamol) -
deplece PAPS, UDPGA pfi vysokych davkach = toxicita

Zvysena bioaktivace pomoci CYP2E1 u alkoholiku !!!
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Regulace enzymu biotransformace

- zvysenim transkripce (ligandem aktivované transkripéni
faktory) — PXR (pregnane X receptor), AhR (aryluhlovodikovy

receptor), konstitutivni androstanovy receptor (CAR) — CYPI1A,
CYP3A, UGT, GST, MDR1..
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Regulace enzymu
- polymorfismus biotransformace Il.

- CYP2D6 - 8% bélochii — autosomalné recesivni znak — ,,poor
metabolizers* — nebezpeci u podavanych lé€iv; >20 mutaci znamo

- ztrata, abnormalni, normalni, zvySena enzymova aktivita
- nepritomnost proteinu ¢i syntéza nefunkéniho

- kompletni delece genu ¢€i jen delece nukleotidu s nasledkem
posunu ¢teciho ramce

c - CYP2C191 2C9 GENETIC POLYMORPHISMS
> et dotheston.
\© Exposure  activation (or DNA repair?)
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Ovlivneni metabolismu xenobiotik

Stravovaci navyky |

- Proteiny - nizkoproteinova dieta — snizeni monooxygenasoveé
aktivity u krys - vyhoda — napr. dimethylnitrosamine - netoxicky
- nevyhoda — napfr. strychnin — vice toxicky

- Sacharidy - vysokosacharidova
dieta = podobné ucinky jako
nizkoproteinova u krys

- Lipidy - deficity v linoleové kyseliné &i jinych nenasycenych =
redukce monooxygenasové aktivity

- Mikronutrienty - deficity vitamint pfinaseji pokles
monooxygenasoveé aktivity (Riboflavin — pokles P450 reduktasy,
narust P450; vitamin C — deficit vede k poklesu P450 u morcat;
deficit A a E — pokles monooxygenasové aktivity; thiamin — narust;
Co, Mn, Pb — pokles P450)
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Nutricni potreby pro metabolismus
xenobiotik

Stravovaci navyky li
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Fysiologické ucinky |.
VYVOj - narast v mnozstvi enzymii po
narozeni u savcui B e ”ﬁ 9

o=
- rychlost nartstu rozdilna mezi druhy E -:-*-3-, 3 ;9

¢

- novorozenecka zloutenka

- konjugace s glycinem dosahuje
normalu po 30 dnech u krys, po 8
tydnech u lidi

_ Téhotenstvi - pokles mnoha XMEs
(glukuronidace — progesteron je
inhibitor UGT in vitro)

- podobny ucinek na sulfataci u
tehotnych krys a morcat

Nemoc - pokles schopnosti metabolizovat
slouceniny (hepatitis)

- produkce prozanétlivych cytokint aktivuje
MAP kinasy které potlacuji expresi a aktivitu
néekterych XMEs
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Fysiologické ucinky Il.

Pohlavni rozdily - rozdily zaénou byt napadné od puberty

- samci krys metabolizuji nékteré latky
(hexobarbital, aminopyrin) rychleji nez samice

- u €lovéka jsou rozdily méné vyrazné (P450,

FMO, UGT)
A e
Species Toxicant Susceptibility FMO1
— |Rat EPN, warfarin, strychnine, F =M e 1 2 .3 & S 6 T8 9
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> Aldrin, lead, epinephrine, ergot M=F B
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Mezidruhovée vlivy

- komparativni toxikologie — studie variaci v toxicité exogennich
slou¢enin u rozdilnych kmenu ¢€i taxonomickych druht

- Prinos ve dvou oblastech — akutni toxicita a metabolismus
- selektivni toxicita — sloucenina toxicka k urcitému druhu
(hmyzu)
- experimentalni modely — vhodny model a extrapolace na
¢lovéka
- enviromentalni cyklus xenobiotik — rozsah metabolickych

b o s w
c procesu v prirode
\©
>
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f 0 = ROZdl Iy mezi Group Common Unusual
e b N taxonom|CK mi trldaml s Carbohydrate  Glucuronic acid (animals) N-Acetylglucosamine (rabbits)
evropsky N : ) ) :
socidlnf > = go Glucose (insects, plants) Ribose (rats, mice)
fond v CR o tvorba glUk05|dU u Amino acids Glycine Glutamine (insects, humans)
— o Glutathione Ornithine (birds)
n g h myZU a rOStI In vs Methionine Arginine (ticks, spiders)
SYRORSIC IS T’ 1 Glycyltaurine (cats)
NEs ~ glukuronidu u ostatnich Chycpiglycine (cais)
| - zv"'at _ Serine (rabhits)
o Acetyl Acetyl group from
o) acetyl-0CoA
o Formy| Formylation (dogs, rats)
— I7) Sulfate Sulfate group from PAPS
pro konkurenceschopnost = Phosphate Phosphate monoester formation (dogs, insects)
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Qumnl
080
Percent of 24-hr Percent of 24-hr
Excretion as Glucuronide Excretion as Sulfate
Species Phenol Chinol Phenol Chuinol
Pig 10D il 0 il
Indian fruit bat a0 0 10 0
Rhesus monkey 35 0 65 0
=t = & e =
Human 23 7 71 0
Squirrel monkey 1] & ] ]
Rat-tail monkey 65 ll_ 14 0
Guinea pig T8 3 17 0
Hamsier S 15 i (]
Rat 25 7 68 0
T TTTeT =+t £ - e —n
Rabbit 46 0 45 E_J
Gerhil 15 i 69 15

Druhové rozdily v
metabolické konverzi
fenolu in vivo
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Source of

C h e m i C ké VI ivy Number Type Estimate?®

1500 Active ingredients of pesticides EPA

-  Lidé Vystaveni SpOUSté 4000 Active ingredients of drugs FDA

| — . 2000 Drug additives (preservatives, FDA
sioucenin stabilizers, efc.)

P ” 2500 Food additives (nutritional value) FDA
?(enObIOtlkva_ mohou byt 3000 Food additives (preservatives, FDA
induktory ¢Ci inhibitory stabilizers, etc.)

V4 = o= 5 I 1t ' -1'~-.-' “ .::I.,-
enzymovych aktivit 50,000 .'l.dljjl:tmml chemicals in common EPA
se

“EPA, Environmental Protection Agency: FDA, Food and Drug
Administration.

Enzymova inhibice — narust €i pokles toxicity

0
Cﬁ,l |_=. ] L 4 4 o
;,'L,;. 4 N nox /\ o /:\} -Kompetitivni — narust
CaHs0 — '-.c:::q jr CCiCHak *,\ h_-ﬁ Km, Vm konstantnl
EPN [esterases) -
(-Ethyl-O-p-nitrophenyl Metyrapone L i
phenylphosphonothioate [P450] -Nekompetitivni — pok|es
0 0 s s Vm, Km stejna
C;HsOCCH=CHCOC;Hs (CzHshNCSSCNIC:Hs)z
Diiethyl maleate Disulfiram { Antabuse)
[glutathione S-transferase] [aldehyde dehydrogenase]

-Akompetitivni — zména Vm a Km ve stejném poméru

-Ireversibilni — kovy, CO
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Nasledky isoforma-specifickych CYP
indukci

L
P

Bioaktivace kokainu
— zvySena toxicita
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Nasledky isoforma-specifickych CYP
iIndukci
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Nasledky isoforma-specifickych CYP

Bergamottin \/
CYP3A4

Narist AUC

Bradykardie
Hypotenze
Ztrata vedomi
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Nasledky isoforma-specifickych CYP
inhibici
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Slovo zaverem.....

Biotransformace = rovnovaha mezi aktivaci a
detoxifikaci A

N
e %
(5 w - 0-7 SERVINGS
N
)
it
s 3
+ . .
- ot g% 1-3 SERVINGS
Fruit Flavonoid Foods
2.4 SERVINGS 2-4 SERVINGS

Calciur ods
2-4 SERVINGS

Vegetables
7-13 SERVINGS

ole Grains
7-13 SERVINGS

FreakingNews, com

Genetika Prostredi

l

Vhodna
kombinace vas
dostane az ke
hvézdam.....

Investice dorozvoje vzdélavani

Tento projekt je spolufinancovan Evropskym socialnim fondem a statnim rozpoétem Ceské republiky.



