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ZROZENI METABOLISMU"

> pocatkem 18. stoleti panovalo presvédceni, Ze sloZeni lidského téla a vSech Zivych
véci je vysledkem tzv. ,Zivotni sily - vital force - vis vitalis" nebo ,vnitfniho plamene
- internal flame". (vitalismus)

> v roce 1828 syntetizoval Friedrich Woehler mocovinu, jako jednu z odpadnich
sloucenin vyluCovanou moci a poslal Berzeliovi nasledujici vzkaz:

"I must tell you that I can prepare urea without requiring
a kidney of an animal, either man or dog"
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ZROZENI METABOLISMU"

.In the evening, shortly before going to bed, I ingested 2 grams (about 32 grains) of
benzoic acid in a sugar syrup. During the night I started sweating, which could be an
effect of this acid, since I otherwise very rarely sweat profusely. I experienced no
other obvious effect, even over the course of the following days when I took the same
dose, and neither did the sweating reoccur. In the urine eliminated the next morning
was found to be unusually acidic, even after being allowed to stand 12 hours after
evaporation. ..after the residue was mixed with hydrochloric acid and allowed to stand,
a large amount of long prismatic brown crystals was formed, which did look like benzoic
acid. Another portion, which had been concentrated to a sirupy thickness, formed a
magma of crystalline plates after being mixed with hydrochloric acid. ...Long, colorless
prismatic crystals were then isolated. These crystals consisted of pure hippuric acid.
... As long as I continued to ingest benzoic acid, I could very easily continue to
produce quantities of hippuric acid, without any apparent unhealthy effects, so it would
be quite easy to produce in such a way great quantities of
hippuric acid. One could keep a subject on hand for weeks,
in order to continue this method of production”.

Justus von Liebig, 1829
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BIOTRANSFORMACE XENOBIOTIK

Biotransformacni enzymy: enzymy (c¢astnici se metabolismu xenobiotik
Xenobiotikum: latka cizi lidskému organismu

- léCiva

- drogy (opidty, kanabinoidy, amfetaminy)

- environmentalni polutanty (cigaretovy kour, natérové hmoty, dioxiny)
- agrochemikadlie (pesticidy, konzervanty, rlstové stimuldtory, hnojiva)

- potravni aditiva (barviva, ochucovadla, stabilizatory)

Metabolismus xenobiotik u ¢loveka

- jatra, placenta, plice, klize, strevo, ledviny

Koncept boje téla s xenobiotiky

PD
PK

Preménit lipofilni Iatky na hydrofilni — zvysit polaritu
Usnadnit exkreci
Disledky:Zmény ve farmakokinetice ldatky

Detoxikace
Metabolicka aktivace

Zamer:

farmakodynamika; plisobeni |é€iva (xenobiotika) na organismus
farmakokinetika; plsobeni organismu na Ié€ivo (xenobiotikum)
A.D.M_E.: Absorbce-Distribuce-Metabolismus-Eliminace
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BIOTRANSFORMACE: DETOXIKACE vs. AKTIVACE

Faze l.: oxygenace Faze Il.: konjugace Faze lll.: transport
redukce |=——> E—
hydrolysa
detoxikace

[renctiotium | Sidvace

GSH; proteiny (Kovalentnivazba )

o SH-enzymy; DNA a toxicita
oxidace — T S » | (neoantigeny,

intermediaty mutageny,
kka rcinogeny) )




Faze I biotransformace xenobiotik

oxidoredukcni a hydrolytické reakce

vneseni polarni skupiny do molekuly (napr. hydroxylace)

preména méné polarni skupiny na polarnéjsi (napr. redukce nitroskupiny)
Lodkryti™ polarni skupiny (napr.Stépeni esteri a amidi)
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HYDROLYZA - karboxyesterasy (valacyclovir, midodrin)
peptidasy (insulin)
- epoxidhydrolasy (karbamazepin)

A\

> REDUKCE - redukce azo skupiny (prontosil — sulfanilamid)
- redukce nitro skupiny (benzodiazepiny)
- redukce karbonylu (chloralhydrat — trichloroethanol)
- redukce disulfidu (disulfiram)
- redukce sulfoxidu (aktivace sulindacu)
- redukce chinonu (aktivace paraquatu, doxorubicinu)

> DEHALOGENACE - reduktivni (zvysena toxicita CCl,)
- oxidativni (hepatotoxicita halotanu)
> DEHYDROGENACE - alkoholdehydrogenasa (inh. cimetidin)
- aldehyddehydrogenasa (inh. disulfiram)
> OXIDACE - monoaminoxidasy (primaquin, haloperidol)
(monooxygenasy) - peroxidasy (aflatoxiny, benzen)
- flavinové (nikotin, chloropromazin, imipramin
(cytochrom P450) - alifaticka hydroxylace (mefenytoin); aromaticka hydroxylace

(benzo[b]pyren):; epoxidace dvojné vazby (karbamazepin); oxygenace
heteroatomu (omeprazol): 0-dealkylace (dextromethorphan):
N-dealkylace (theofylin); prenos skupiny (halotan); Stépeni esteru
(loratidin); dehydrogenace (paracetamol)



Faze I biotransformace xenobiotik

1. Oxygenace — hydroxylace (monooxygenasy)

R1 R1 R1 OoH
Re>—H = R2—>—OH :@ _—
R3 alifatické R3 R2 Ro

aromatickeé

2. Oxidativni demethylace (monooxygenasy)

OMe OCH,OH OH o
©/ —p ©/  —— ©/ + H4H O-demethylace

@]
(I-:izn — EZ—H — (HZZ—NH + H_<H N-demethylace
— 2
R \CHs R \CHZOH R
3. Oxidace — (dehydrogenasy) 4. Redukce — (dehydrogenasy; reduktasy)
H,0 R1 Rl H R1 NO, R1 NH
o 0 =0 —> X =5
HCmG O —= o< —= HCX R2 ~—x R2” OH
2 /_\ H /_\ H NADH + H* NAD* R2 R2
NAD* NADH + H* NAD* NADH + H*
5. Hydrolysa — (hydrolasy; esterasy; amidhydrolasy)
o H,0 o o H,0 @)
R1—< g rRi—<  + R2—OH R1— N__y R + R2—NH,
0—R2 O—H



Faze I biotransformace xenobiotik: OXIDACE

» Ure, Erdmann, Marchand pozorovali, Ze oxidace jinych kyselin nez benzoové vede k
vylucovani kys. hippurové v mo¢i — hypotéza o intermediarniho produktu oxidace
> Podavali kys. skoricovou dobrovolnikim, a z moéi izolovali ldtku, o které se domnivali,

Ze je to kys. hippurova
Hypotézu o oxidaci kys. skoricové na kys. benzoovou potvrdili Woehler a Frerichs,
kteri izolovali kys. hippurovou z moéi pst jimZ podavali kys. skoficovou
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> jejich prace ,The behavior of benzene-

Hippuric Acid

Friedrich Theodor von Frerichs

> Bernard Naunyn (z laboratore Frerichse)

pozoroval, Ze kdyZ poddval pacientim benzen,
tito vyluCovali fenol: jeho zkusené;si kolega,
chemik Schultzen pak prokazal, Ze benzenu-
pribuzné uhlovodiky toluen a xylen jsou
oxidovany na karboxylové kyseliny

derived hydrocarbons in the animal organism,,
(1867)" odhalila necekanou schopnost lidského
téla uskuteénovat takové chemické reakce,
kterych nebyli v té dobé chemici schopnilll

Bernard Naunyn
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Faze I biotransformace xenobiotik: REDUKCE

Gerhard Domagk (1932) provadél sérii experimentu se
sulfonamidovymi slouc¢eninami, kdy hledal agens pro lécbu
streptokokovych infekci

mysi, které dostaly po infekci davku Prontosilu prezily, zatimco
kontrolni mysi uhynuly

jednalo se o prvni dspésnou lécbu bakteridlni infekce

(Domagk: Nobelova cena za fyziologii a medicinu 1939)

Fuller prinesl analyticky dikaz o pritomnosti aminobenzenesulfonamidu
v moci a krvi mysi po davkovani Prontosilu — reduktivni reakce v
metabolismu léciva

HJ4 . H,N
w I'-I—{: ::-—l"-IH — - H H., +H
e b z 2” HI
Hzl'-l-’i_{ S & 4 : }:

Prontosil Sulphanilamide

Felix Hoppe-Seyler izoloval indoxylsulfat po podani ortho-
nitrofenylpropionové kyseliny

prvnim reakcnim krokem v této konverzi byla redukce nitroskupiny
na primdarni amin




Faze II biotransformace xenobiotik: GLUKURONIDACE

konjugace - spojeni noxy s polarni molekulou HOOC 0

HO Q
SUBSTRAT + DONOR ———  KONJUGAT @% o o H\/E

O—P—0—P—0

DONOR: UDP-GA = Uridine-DiPhospho-Glucuronic-Acid v O o 1 °
SUBSTRATY

alkoholy: fenoly: aminy: thioly; karboxylové kyseliny

morfin, metadon, kyselina valproova, dextrophan > UDP-GA OH OH

ENZYM > 1953, Dutton and Storey

UDP-glukuronyltransferasy (UGTs)
katalyzuji tvorbu O-: N-: S- a C- esteri GA

PRODUKTY: glukuronidy R-OH + UDP-GA — R-O-GA + UDP

prvni slouéenina charakterizovand jako cukerny konjugat O © O on
byla kys. euxantovd - hlavni slozka Indické zluti (byla o, 0. &
izolovana z moci krav krmenych mangovymi listy) N0
roku 1855 pozoroval Schmid, Ze euxantova kys. je oH O Ll
vyluéovdna moéi velbloudd krmenych plody manga c T 0
Erdmann pozoroval, Ze hydrolyzu euxantové kys. na
Zluty produkt - aglykon

Baeyer charakterizoval aglykon euxantové kys. a urcil,
Ze cukerna slozka je oxidovany derivat glukosy




Faze II biotransformace xenobiotik: SULFATACE

> DONOR: PAPS = 3-PhospoAdenosine-5" -PhosphoSulphate iR2
. N
> SUBSTRATY: alkoholy: fenoly: katecholy: arylaminy o=(|s?—o—(||j—o ¢ \)N
| | N “
» ENZYM: sulfotransferasy (SULTS), cytosolicke o O 0 §
> PRODUKTY: sulfaty (sirany) R-OH + PAPS — R-O-SO; + PAP PAPS
O OH
0=p—0-
o

> Baumann izoloval a charakterizoval fenol sulfat z moéi pacienti, kteri byli Ié€eni
fenolem jako antiseptikem

> Ddle prokazal, Ze mnoho latek miuze byt vyluéovdno moéi formou sulfatd, napr.
katechol, bromobenzen, indol a anilin

OH OH & &
W iliclen @Rt O
oH 0sQ, 05
Catechol Catechol Sulfate Bromokenzene 4-Bromophen yisulfate
Eugen

0S0,
Baumann
i e € 0 il )
H

Aniline 4-Aminomenysulfate Inclde Incde sulfate




Faze II biotransformace xenobiotik: METHYLACE
> DONOR: PAPS = S-Adenosyl-Methionine (SAME)

» SUBSTRATY: fenoly, katecholy, aminy, tézké kovy \[H\ﬁ /\g \R\(

> ENZYM: methyltransferasy - prenos CH; skupiny
» PRODUKTY: -OCH3: 'SCH3; 'NCH3: 'CCH3 SAME
-neni vzrist polarity; detoxikacni funkce

(O)-METHYLACE
> 1957. Axelrod, Armstrong, McMillan - O-methylace adrenalinu a noradrenalinu

oH catechol-O-methyltransferase | oH
> N (COMT) S N
HO >
OH epinefrin " metanefrin
(S)-METHYLACE A M
> 1958; Edward, Sarcione, Sokal —» S-methylace thiouracylu | = i M
H

2-Thiou il 2-hethedthiourac

(N)-METHYLACE
> 1887: Wilhelm His —» N-methylace pyridinu O D @

'i4-’ll 3
et CH
CH

(]


http://upload.wikimedia.org/wikipedia/commons/1/1f/Adrenaline_chemical_structure.png

Faze ITI biotransformace xenobiotik: ACETYLACE

NH;
DONOR: Acetyl-CoA 0 0 oL N N
SUBSTRATY: - aryl amines \WS\/\HMH%O\P\/O O\@ v
- isoniazide, dapsone © OH O on -
Acetyl-CoA HO 5 oH
ENZYM: - N-acetyltransferases (NATs) Ho Ry

polymorfismy

PRODUKTY:  -N-CO-CH,

1893. Cohn: metabolismus m-nitrobenzaldehydu u krdliki; v moéi nasel metabolit
N-acetylaminobenzoovou kyselinu , |

COOH Q
C—OH
NO, NH, 9
NH—C—CHgs
m-nitrobenzaldehyd m-aminobenzoic acid N-acetyl-m-aminobenzoic acid

Fritz A. Lipmann
- acetyl koenzym A, acetylacni reakce
- Nobelova cena za Fyziologii a medicinu 1953




Faze II biotransformace xenobiotik: GLUTATHION

> DONOR: glutathion; y-glutamyl-cysteinyl-glycin; tripeptid

» SUBSTRATY: aromatické uhlovodiky a heterocykly: HOOC\/\)J\ :Jﬁr N ACO0H

halogenderivaty; epoxidy; atd.
detoxikace NAPQI (paracetamol)

> ENZYMY: 1. 6SH-S-transferasy:; cytosolické; konjugat zlstdva v burice
2. y-glutamyltranspeptidasa: v plasmatické membrané
3. acetyltransferasy: cy'rosolucke

» PRODUKTY:  merkapturové kyseliny
[:jiﬁ GSH

Merkapturova kyselina gly- glu
OH epoxid konjugat
OH
S-C— CH COOH
H, L sfc— cle COOH
v\_/AcCoA H2 N
. 2
=0

H,C CoA-SH *



Faze II biotransformace xenobiotik: AMINOKYSELINY

» DONOR: glycin, glutamin
> SUBSTRATY: karboxylové kyseliny (AcylCoA)

> ENZYMY: 1. glycin-N-acyltransferasa; mitochondrie
2. glutamin-N-acyltranferasa; mitochondrie

> PRODUKTY:  N-acylglycin; N-acylglutamin

O o) O O
COOH \ \

SCoA N—C—COOH
ATP + CoA-SH H

N,

I

[
»

/—‘ hippurova kyselina

H,N—C-—COOH
benzoova kyselina H, glycin

»

> prvni metabolit objeveny v lidské moci
> monitoring zneuzivani toluenu



Faze O & III biotransformace xenobiotik: TRANSPORT

TRANSPORTERY
> membrdnové proteiny ridici import (uptake) / export (efflux) xenobiotik z bunék
> EFFLUX P-gp = P-glykoprotein (Multidrug Resistance Protein 1)

MRP1/2 = Multidrug Resistance-associated Protein 1/2

BCRP = Breast Cancer Resistance Protein

MATE1/2-K = Multidrug And Toxin Extrusion protein 1/2-K
» UPTAKE OAT1/2/3 = Organic Anion Transporter 1/2/3

OCT1/2 = Organic Cation Transporter 1/2

OATPs = Organic Anions Transporting Proteins
> Ovlivnéni PD/PK: - polymorfismy, mutace

- inhibice, upregulace

Phase O [ \
= QOATs
= OCTs Phase I Phase IT
| > - CYPs |:> - UGTs || >
" MAOs = SuLT Phase IIT
= MRPs

k ) = BCRP




