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Biotransformace a jeji regulace

™




Cile:

x Faze biotransformace
x Typy reakci v jednotlivych fazich
¢ Piiklady reakei v jednotlivych Fazich

Klicové pojmy:

Cytochrom P450, CYP3A4, oxidace, konjugace,
UGT1Al, AhR, PXR, transkripce




Blﬂtl'allﬂﬂmlﬂﬂﬂ il E I'Bglllaﬂe ,Faze 0" - transport dovnitr bunky = absorbce
SO Faze | — zpolarizovani slouceniny

Faze Il - vazba s endogennim substratem
,Faze Il1" - transport ven z buiiky

- Faze 1+1l = zajistuje nékolik rodin enzymi se
sirokou substratovou specifitou =&
deaktivace i aktivace (reaktivni intermediaty)

- Vétsina biotransformace = jatra, strevo, plice,
kuze

_ J¢inek pisobeni $kodliviny je éasto dan rozsahem
Pharmaceuticals Food additves biotransformace !!!

and ete.



Reakce faze |. = Zavedeni / odkryti polami skupiny

Epoxidace/hydroxylace - benzo(a)pyren Oxidace - chlorpromazin (neuroleptikum)
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Dealkylace - ethylmorphine (opitové Desulfurace - parathion (insekticid),

sirouhlik (na vyrobu kaucuku, celofanu)
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Enzymaticky aparat faze I.

Cytochromy P450 (CYP) Klasifikace / Nomenklatura P450
= podobnost v AK sekvenci

- P jako pigment, absorbce pri 450nm ve vazbé s
co CYP3A4

nd|V|dualn|
- Protein + Hem / élen
Cytochrom
- reakce: P450 Podrodina, 55%
. Rodina, 40% homologie, geny na
RH+NADPH+H +0, — ROH+NADP"+H,0 homologie stejném chromosomu

Oy
Monooxygenace - drive ,,oxidace se smisenou _ /\ 28
ot NADPH oxidovany flavoprotein
Funkci o2 Fe 0,
+ voda

L-Fe™ L-Fe
NADPH: cytochrom P450
Vétsina tkani - jatra, streva, plice - kotveny v ER reduldasa cytochrom P450

(mikrosomech) L-Fe ** Fe* oxidovana litka
NADP™ redukovany flavoprotein

Nutna komponenta - reduktasa Renobioticky substrét (L)




P450

Drugs

Diagnostic Substrates
In vivo [In witro]

141

1A2

2AG

2B6

ICE

2C9

e

D6

2E1

3A4

Phenacetin, theophylline,

warfarin,
cimetidine
Coumarin, nicotine

Cyclophosphamide,
ifosphamide, nicod
Taxol, tolbutamide,
carbamazepine
Tienilic acid. tolbutamide,
warfarin,

diclofenac
S-Mephenytoin, diazepam,

phenytoin, om

oguine, sparteing
bufuralol, propanc
thioridazine, quinidine,
phenytoin, Auoxetine

Chlorzoxarone, isoniazid,

TR,

methoxy flurane

Nifedipine, ethylmorphine, Afla

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

dimethylbenz{a)janthracens
Aromatic amines,

arylhydrocarbons, NNK,?

aflatoxin, estradiol

in, diethylnitrosamine,
3

& Aminochrysene, aflatoxin,
NNK?

NNE?

Dimethylr mine, ben-

enated alkanes
(eg. CCls) acylonitri
alcohaols, aniline, s
vinyl chlori

pyTene,
7.8-diol, 6

[Ethoxyresorufin,
benzod ajpyrens]
[acetanilide,
oxyresorufin,

somufin]

Dextromethorphe
[bufuralol (4' -OH)

Chlorzoxazone (6-0H),
[ p-nitrophenol ]

Erythromycin, nifedipine
[te: rone (6-)]

Enzymaticky aparat faze .

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

http://drnelson.uthsc.edu/CytochromeP450.html

http://www.icgeb.trieste.it/p450



http://drnelson.uthsc.edu/CytochromeP450.html
http://www.icgeb.trieste.it/p450

Dulezité rodiny CYPU v metabolismu xenobiotik

CYP1-CYP1A1/1A2/1B1

- 1A1/2 - prekryvajici se substratové specifity -
aktivace prokarcinogeni

- 1A1 - extrahepatalni enzym - plice, prsa

- 1A2 - jaterni enzym

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

DY
A AN
| HO T
OH
/ . S /“\\‘,,? N K ‘/
| = = o)
S N I> HO —~
OH L
HO
Benzo(a)pyrene Benzo(a)pyrene Benzo(a)pyrene OH

7.8 epoxide 7.8 dihydrodiol

Benzo(a)pyrene
7.8 diol-9.10 epoxides

Enzymaticky aparat faze .

Cl

CYP2 - 10 podrodin P Br
- 2A6 — prevazné jatra
(halothan - inhalacni anestetikum;
nikotin — asociace s kourenim)

(nikotin, NNK, skatole
- produkce koufeni) |

- 2A13 - pievazné plice Lo @j%
H (\J/CO\/ A

N
- 2B6 - jatra - vysoka N e
variabilita mezi jedinci 5 ‘
(methadon - synteticky O
opiat, cyclophosphamide O
- alkylacni cytostatikum)

w
\
L7
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Dulezité rodiny CYPU v metabolismu xenobiotik

Enzymaticky aparat faze .

2C8,2C9,2C19 - jatra cca 20 % - O
role polymorfismu - PM = poor Nt
metabolizers - cca 3-5 % bélosi, & en,
12-23 % Asiaté (mephenytoin -
antikonvulzivum, warfarin - o
antikoagulant) OH

2E1 - regulace zvysSenou stabilitou mRNA a
proteinu (ethanol, acetaminophen,
akrylamid)

H H
O N
>':()

acetaminophen

CYP3 -regulace prevazné skrz pregnanovy X
receptor (PXR)

- 3A4 - cca 30%, metabolizace cca 50-60%
léciv (cyklosporin A —imunosupresivum;
hyperforin - tifezalkovy cai; g

digitoxin - I f_:jk A R
srdecni oI Ent
. s o ? DIFIED]
lhani; AL
se ’ - 5”0"4“1'4‘: .J_o ‘ wf\h
A N
TYYY
| k’ &

midazolam - antikonvulzivum, anxiolytlku
tamoxifen - rakovina prsu)

= nutnost testovat na
mezi-lékové interakce
(drug-drug interactions;
DDI
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Enzymaticky aparat faze .

Flavin obsahujici monooxygenasy (FMO)

- zavislé na NADPHa O,

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

- nejvice zastoupena isoforma FMO3 - nezavisla na pohlavi (na rozdil od jinych druhi) - nékteré
polymorfismy zodpovédné za , fish odor syndrome" - neschopnost metabolizovat trimethylamin na

N-oxid
- latky obsahujici nukleofil - vhodny substrat (chlorpromazine, tamoxifen, nicotine)
S S 0
_ r}} — | v CHO_| cHo |}
‘ ‘ 0 pSCH:SC:Hq —= PSCHESC:HQ
x | N | CH O CH O
N CH} N CH} 2115 205
Nicotine Nicotine-1°-N-oxide Phorate Phorate sulfoxide

- FMO jsou termolabilni - moznost odliseni CYP vs. FMO aktivity




Nemikrosomalni oxidace = kotveni v
mitochondriich, cytoplasmé
- Alkohol dehydrogenaza

(EC 1.1.1.1)

- reakce je reversibilni

- jatra, ledviny, plice

- dimer, mize pouzit NAD*

nebo NADP* (pomalejsi)

- inhibice heterocykly (pyrazol, imidazol)

RCH,0OH + NAD* —— RCHO + NADH 4+ H”

Injection

i

(

Il

Enzymaticky aparat faze .

NAD*

Ethanol

CH4CH,OH

NADPH + O,

Alcohol
dehydrogenaseX XE 0s

—,J NADH
NAD*
NADH

Acetaldehyde

CH3CHO

Y

Acetate
CH5CO0™

Aldehyde
dehydrogenase

NADP* + H,O

[\-_
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Enzymaticky aparat faze .

Nemikrosomalni oxidace

Aldehyd dehydrogenéiza (EC 1.2.1.3) Amin oxidazy
- aldehydy - tvorba z intermedialniho - Monoamin oxiddzy (MAO) - jatra, mozek, ledviny,
metabolismu (biogenni aminy, lipidy) stieva, desticky

RCHO + NAD* RCOOH + NADH + H* - CNS - turnover neurotransmiteru

CH,NH, cHo
- inhibitor Disulfiram (AntabUS) K/\T + 0,4 HO— E//\J + NH;+ H0,
- ¢asto toxicky uéinek - elektrofilni T )
S lo uée ni ny p-Chlorobenzylamine p-Chlorobenzaldehyde

- lidé - 16 gentl + 3 pseudogeny
- polymorfismus aldehyd
dehydrogenasy 2 - ,,flushing
syndrome" - u Asiatu
(cervenani v obliceji, tlukot
srdce, kocovina)

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

H:N':CH::‘::NH]-I' D: + H]D_" H:Nf[‘]‘]:hCH{} + NH'; + H]D:
Cadaverine

Xanthin oxidaza - obsahuje Mo
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Cyklooxygenazy (kooxidace)

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

- glykoprotein - obsahuje hem

- 2 formy - COX-1 (housekeeping) /
COX-2 (inducibilni, pri zanétech)

- v tkanich s nizkym CYP je vysoka
exprese COX = karcinogenicita
aromatickych amind

SR COOH | SN Ncoon
WOV (O DUV

Arachidonic acid — E}UH

1. Cyclooxygenase 2 l
2. Peroxidase -

/~ Xenobiotic
Y, cooxidation

T< S—="Ncoon
gt W

PGH, OH

mikroFléra CH,

posledni reakce katalyzovana glutathion reduktasou s GSH
jako kofaktorem S S 5

Enzymaticky aparat faze .

Redukéni reakce

. . . NO; NO NHOH NH,
- Nitro redukce - nékteré | | 1
s ’ . , £ N e P
bakterialni mikroflérou, | — [ | — — ||
enzymaticky (CYP) i ~ ~ N N~
o Nitrobenzene  Nitrosobenzene Phenyl- Aniline
neenzymat'Cky hydroxylamine

- Azo redukce - anaerobni podminky a NADPH, bakterialni

GG <0

- Aminoarotoluene Hydrazo derivative Amine products

- DisulFidové redukce - mnoho reakci vicestupnovych,

‘:C:Hs‘:NCS_SCNrC:Hj?: — 2 ':C:Hs]:NCSH

Disulfiram Dimethyldithio-
carbamic acid




Enzymaticky aparat 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
- katalyza UDP-glukuronosyl transferazou (UGT) -
mikrozomy jater, ledvin, streva

HO

) COOH
N 0— HO\/ o
(- COOH 4
OH \}'—-rs'/h o (}_S Rt]{j". r\-} JgN[—{
) HO OH W
AT HO {cg 0 0 &_ Vl uGT O OH N /k‘,_;:i .
| + A ol S0 gy O /= Sy 4 e a P P
N 0. \
d 0ot ) SN 7~
HO o’ OH S N e Cl sz

Oazapam

1-Naphthol UDPGA Naphthol glucuronide Coumarin




Glukuronidace Enzymaticky aparat 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 léciva (clofibrate), antikonvulziva (kys.valproova)

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

| 3xat Fimomhuide tabloten .
Ethinylestradiol/Levonorges’

0,03/0;15 mg WEC filmomhulde tabletten oud
Eike flemombuide tabiet bevat.

- UGT2 - produkty rozdilnych gent - glukuronidace
steroidu, Zlucovych kyselin — 10 isoenzym

| Oraal gebruik WeCare

nieuw

- pouze UGT1A1 konjuguje bilirubin - nedostatek ci
inhibice alternativnim substratem (ethinyl estradiol)
= Zloutenka (bilirubin > 35 pM v krvi)



http://en.wikipedia.org/wiki/File:Jandice.jpg
http://www.google.cz/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=B1kaA5Af6I5kyM&tbnid=YtDKG_85CDxezM:&ved=0CAUQjRw&url=http%3A%2F%2Fforum.girlscene.nl%2Fforum%2Fseks-zo%2Fde-pil-227083.3225.html&ei=tQpTUtiOL8bnswaPqoG4Bg&bvm=bv.53537100,d.bGE&psig=AFQjCNG8Okv8KRSgN_lc_3Zyphsuu6ZesQ&ust=1381260271390517

Sulfatace Enzymaticky aparat faze Il.

- sulfotransferasy (SULTs), sulfatasy
- hormony (testosteron, T3), katecholaminy, alkoholy, arylaminy

0

- AN - —NH,

f r - — CH

. h Ho—( L3 nod N le-[ 3

. 4 ;y—OH = (.
/

O S =y HO

Estrone Dopamine Acetaminophen

OH

- energeticky narocné - 2 ATP pro syntézu PAPS (3'-

phosphoadenosine 5’ —phosphosulfate) AP PR AT AP

-nejen inaktivace ale i vznik reaktivnich produkta soz Sl s S es Ve
(1-hydroxysafrole)

NO,

\f
Sulfotransferase '
|

i 050,

- 4 rodiny - cytosolické enzymy / “
- phenol SULTSs (SULT1) PAP =1
- hydroxysteroid SULTs (SULT2) MO
- SULT4A1, SULT6B1 _

-Siroka tkanova distribuce

N
| ] 4Anitrophenol
‘;‘J

™

\
1
|

Sulfatase

J

4-nitrophenol
sulfate



Methylace

Enzymaticky aparat faze IL.

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

r> Y
|
S-Adenosyl- > S-Adenosyl-
= N + methionine —= = N+ homocysteine
. ‘ | (SAM) | | (SAH)
N H =y CH;
Nornicotine Nicotine

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

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

Biomethylace prvka Hg?* — + CH;HG* — (CH;), Hg

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




] o o
Glutathion-S-transferazy (GSTs) Enzvma“ckv anamt 'aze II-

Acetylace (arylamine N-acetyltransferases )

- konjugace elektrofilniho substratu s

lutathionem (GSH
J ( ) - 2 typy reakci - detoxifikace - pomoci koenzymu A

36 (CoA), N-acetylace (benzidine - barviva)
NO, NOs

cl
/L | - 0
+ GSH — +  HCI — ” _
K‘J/ S Hﬁ%‘ﬁﬁz + CoA —= -:HECHNAU—Q‘NH:
N0 NO, Benzidine
1-Chloro- . . , ,
2d-dinitrobenzene - aktivace cizi struktury a nasledna acylace

- 3 rodiny - cytosolicka (savéi - dimery) anjinokys'elinou (O-acetylace) - 3-nitrobenzanthrone
- mitochondrialni (vyFukové plyny) coon corscor
- mikrosomalni @ oA ccoast = [ |+ m o+ aw
S
- bunécna ochrana pred oxidac¢nim stresem Rct)ch C(ONHCHCOOH
- distribuce - jatra, ledviny, mozek Lf*ﬂ . Nmomcoon — r/:/|  cons
S N

- substraty GST - epoxidy, estery, peroxidy

Hippuric acid




- P-glycoprotein (MDR1) - transport rozlicnych sloucenin vné bunku ! ;

(ATP-dependent) - cortisol, paklitaxel, cyklosporin A, vinblastin, Sl 4 i
rifampicin @B

Transmembranovy prenos

ot

- OATPs (Organic anion transporting polypeptides) — transport amFfipatickych rozpoustédel -
zlucové soli, organicka barviva, thyroidni hormony - BBB, plice, srdce, strevo

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




Reaktivni metabelity

Interakce s bunéénymi cili & toxicky téinek = elektrofilni slouceniny (v téle reaguji s nukleofily -
-40. a 50. léta 20.stoleti - dikaz konverze - proteiny, nukleové kyseliny, GSH), volné radikaly
reaktivni metabolity azo barviva DAB (N,N-

dimethyl- 4-aminoazobenzen ) - - Cesta aktivace je vétsinou minoritni !!!

hepatokarcinogen - vazba na proteiny a

nukleové kyseliny Parentalni sloucenina (prokarcinogen)

Ultimatni karcinogen / toxicky metabolit
Xenobiotic —— Nontoxic Metabolite ——  Elimination
“x, » ve » ’
“a H e - S kratkou dobou zivota - vazba na parentalni enzym -
Reactive Metabolite ~sebevrazené substraty” - tienilova kyselina
Bindine o Cellular Molecules - Se stfedni dobou zivota - zustavaji v bunice - kovalentni
(Enzymes, Receptors, Membranes, DNA) modifikace bunky = lokalizované tkanové poskozeni
v \
Toxicity Cellular Repais - S dlouhou dobou Zivota - transport do jinych ¢asti téla (aromatické
(Tissue injury, Cancer, ~ (DNA repair, Protein aminy - metabolizace v jatrech a transport do mocového méchyre
Physiological changes) synthesis, etc) 2 v s o . v
kde dochazi k uvolnéni v disledku kyselosti moce)




Reaktivni metabolity

Faktory ovliviujici toxicitu
reaktivnich metabolitu:

- hladina aktivacniho enzymu -
indukce vlastniho metabolitu (PAH)
- hladina konjugacniho enzymu

- hladina kofaktoru ¢i konjugacnich
sloucenin - N-acetylcystein

Osud metabolitd

- vazba na makromolekuly

- peroxidace lipida

- uvéznéni a odstranéni -
rovnovaha prisunu a odstranéni
toxikantu - protektivni role GSH

Chloroform /
Tetrachlormethan
- zpusobuje
akumulaci tuku a
jaterni nekrozu

|
atty acid radic
a lll ||; u lll lll ||; 1|| 1||
pusa) T HCI s
C—C—a — [CIOHK, ] —— = — = O O [ — C= O =
I 507 “a ]I
l . 10 1
Froo radical Phosgene )
Tetra = Chlarof: croxide
E
V4

W Hydre

N
e

Aflatoxin B1 -
hepatokarcinogen,
toxicita se lisi mezi
druhy

L

e

Aflatoxin By (AFB1)

/\—/ —
‘o— k()}f QCH?

a 9
P50 ()/lj__'-,':l ___] Detoxication
— = 0. b -
(S
! \ ~0
o _&()/\'L--/— 5, Covalent binding
CH; to macromolecules

Aflatoxin B epoxide

Vinyl chlorid -
sebevrazedny
substrat,
karcinogen

H

H.C¥ ™l

Vinyl chloride

)\ P450

Ch

0
H M H
S e AN
H \\ v 5
(8] H
loroethylene oxide Chloroacetaldehyde

! S~ l

Covalent binding to
macromolecules

GSH conjugation




n kr“mi ‘ b I' Benzo(a)pyren - cigaretovy kouf, Acetaminofen / Paracetamol
ea me a 0 Ilv produkt nekompletniho spalovani, - deplece PAPS, UDPGA pi

aktivace pfes CYP1ALl a epoxidasovou vysokych davkach = toxicita
Methanol - akumulace formaldehydu vede  hydrolasu Zvyéena bioaktivace skrz CYP2E1 u
ke slepoté, prilezitostné k smrti v disledku PN PN alkoholika M R
acidézy, protijed = etanol f:]%\/]jj f/\ PPN j PARALEN 500
CH,0H Alcohol HCHO — _Aldehvde  _ pepol Lx | PN o I i —

- =
Dehydrogenase Dehydrogenase Shas

Benzo(a)pyrene 7.8 epoxide of benzo(a)pyrene -wwm:‘::‘m /——
Methanol Formaldehyde Formic acid l 12 T

TN
. Q, J
. s v . . T
Parathion - pesticid, sebevrazedny substrat R o
- N
5 oS F T | 04<
CH.CH,O =N “) - . Detoxication - P N Ny NH
CHOSP0—{ 3-NO, pesy_ CHECHO_p NOT OH ‘ X
CH;CHA0” N = CH,CH,07 N A b 7~
3L — ) B = = CHy & p . CH;
Inhibits HO /0 o o B ]
Parathion Paraoxon Acetylcholinesterase T — OH o= \\“fy E@Nim 0=
< g}\ 7.8 dihydrodiol of benzo(alpyrene NS HO NN NH
.« o R I P A /
Acetylaminofluoren - eliminace jako L 100 o § Acstarinoghen 7\
. o . ’ BN N N/
glukuronid, aktivace jako sulfat Ho S = V=
OH 03550 piso slucuronide-0f
5
A AN pso N COCH; 5\ COCH; 7,8-diol-9, 10-epoxides of benozo(alpyrene
SOOI D N v
i " CHy
NHCOCH; / OH / 0-glucuronide o™ o,
2-Acetylaminofluorene N-Hydroxy AAF Glucuronide conjugate . o
5 AAF detoxication) Covalent binding to SH groups e
j I s G (h !
f [T —— 7
\ COcH; \cocH t g 7N
—N. — N Cell death y/ —(
fo _ ! + o \
/ 0805 / Ha' *S_glutathione
Sulfate conjugate Binding to tissue N-acetylbenzoquinone imine
macromolecules NAPQI




zvysenim transkripce (ligandem aktivované transkripéni  polymorfismus

Faktory) - CYP2D6 - 8% bélochl — autosomalné recesivni znak —,,poor

- PXR (pregnanovy X receptor), AhR (aryluhlovodikovy metabolizers"” - nebezpedi u podavanych léciv; >20 mutaci znamo
receptor), konstitutivni androstanovy receptor (CAR) - - ztrata, abnormalni, normalni, zvysena enzymova aktivita
CYP1A, CYP3A, UGT, GST, MDR1.... - nepfitomnost ¢i syntéza nefunkéniho proteinu

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

Warfarin pMCg®
abiety

Ligand
binding Nuclear

° 2 " 1 translocation
L 5

) ; ™ -CYP2C19,2C9 (warfarin) o o
s " @D

core complex

0 [l
' stabilita mRNA ¢i proteinu =™ == ==
- CYP2E1 - transkripéné (aceton, W<“""<".w
alkohol) ale i stabilizaci - vazba

Lw<:';
enzymu se substratem = e
stabilita proteinu <"‘““<m.. S I

TOXICITY OR CANCER
(or level of adducts?)

* AHR and ARNT @@
dimerization @
= DRE binding
, protein
IM Mo Creiar

DRE DRE
CYPIAL <
mRNA —

BlgP-DNA—C ] __, Mutagenesis
add
ucts. ![’.’/’,’I’,’I‘"I.

C
HO™ l/HV\))

CYP1A1-mediated
biotransformation

///\

w CLLY

Endoplasmic
reticulum



w
nVI vnen melabol sm“ xenob 0t k Bresd other cereals
Fruit and vegelables and polatoss
a

Stravovaci navyky

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

N3t fish and allemnatives Foods coetsining fat Wilk and daier foods

- Sacharidy - vysokosacharidova dieta = podobné G¢inky jako hpr-dsancinif B
nizkoproteinova u krys

B 3 E: nf?hﬁlltt.:frd

- Lipidy - deficity v linoleové kyseliné ¢i jinych nenasycenych = goiein, - Niacin - Protein R'“‘“d"" Pyridorine
redukce monooxygenasové aktivity L l . dm ’ K\L

i /ﬁﬁ&\ FAD. FMN S~
- Mikronutrienty - deficity vitaminG prinaseji pokles Glocose.6.P Cytochrome thmd Oxidized —p ROH
monooxygenasové aktivity (Riboflavin - pokles P450 reduktasy, Dehydrogenase Reductase Cytochrome Cytochrome - (Ovidized
nardst P450; vitamin C - deficit vede k poklesu P450 u mor¢éat; deficit M \(‘}E:j{ \/k/ RH (Subsirate)
A a E - pokles monooxygenasové aktivity; thiamin — narast; Co, Mn, FAD, FMN

Pb - pokles P450)

wenmegm Nutritional Requirement

P450 - vitamin B komplex,
Zelezo




Fyziologické ucinky

VYVOj - narlist v mnozstvi enzym@ po narozeni u savci
- rychlost nardstu rozdilnd mezi druhy

- novorozenecka zZloutenka

- 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 Gcinek na sulfataci u téhotnych krys a morcat

oviivnéni metabolismu xenobiotik

Nemoc - pokles schopnosti metabolizovat

slouceniny (hepatitis)

- produkce prozanétlivych cytokind aktivuje
MAP kinasy které potlacuji expresi a aktivitu
nékterych XMEs

Pohlavni rozdily ,
- rozdily za¢nou byt napadné od Fvo1 ~.. ;

puberty

- samci krys metabolizuji nékteré C1 2 3 4 5 6 7 89

latky (hexobarbital, aminopyrin) |,

rychleji nez samice FMO3 & o e o = e — i — & FMO3

- u clovéka jsou rozdily méné
vyrazné (P450, FMO, UGT)

C 1 2 3 4 5 6 7 8 O

= - £
Species Toxicant Susceptibility C = gﬁ [ AR I
e :
Rat EPN, warfarin, strychnine, F >M FMOS W &= * 3 3 &Bu

hexobarbital, parathion

Aldrin, lead, epinephrine, ergot M=F C 1 2 3 4 S 6 7 8
alkaloids = &4 n o3 = o 3 e s g

Cat Dinitrophenol F =M E @ @ B l—"' T 8 2 z -
Rabbit  Benzene F =M B el s B R P On £
Mouse  Folic acid F =M o § O a % a g
Nicoline M>F S Z E E Z g

Dog Digitoxin M= F = % b} C v

ol [i4




komparativni toxikologie

- studie variaci v toxicité exogennich
sloucenin u rozdilnych kmeni ¢i
taxonomickych druhd

- Prinos ve dvou oblastech - akutni
toxicita a metabolismus

Mezidruhové viiv

- selektivni toxicita — sloucenina toxicka
k uré¢itému druhu (hmyzu)

- experimentalni modely - vhodny model
a extrapolace na c¢lovéka

- environmentalni cyklus xenobiotik -
rozsah metabolickych procesu v prirodé

Existuji evolu¢ni rozdily v konjugaci mezi taxonomickymi tfidami -
tvorba glukosidi u hmyzu a rostlin vs glukuronidi u ostatnich zvirat

. Phenyl-
[‘D}ji’i\__ T s J glucuronide
P _— — T/
[ | — OCeHI0s
Ry e =
PAPS . | Phenyl sulfate
OH S
Phenol
0805
7 OCgHg0g
Hydroxylation
< | Quinol
j)H UDPGA - b monoglucuronide
AN —
( | = jt OH
s Z

T Quinol
J;{ PAPS monosulfate
Quinol

N

0505

Conjugating
Group Common Unusual Percent of 24-hr Percent of 24-hr
_ _ N N Excretion as Glucuronide Excretion as Sulfate
QYCarbohydrate  Glucuronic acid (animals) N-Acetylglucosamine (rabbits)

Glucose (insects, plants) Ribose (rats, mice) Species Phenaol Quinol Phenol Quinal

Amino acids Glycine Glutamine (insects, humans) Pie 100 0 0 0

Glutathione Ornithine (birds) Indian fruit bat 90 0 10 0

Methionine Arginine (ticks, spiders) Rhesus monkey a5 0 65 0

Glycyltaurine (cats) S 3‘; s J':: '[;

Glycylglycine (cats) Squirrel monkey iy o 10 0

Serine (rabbits) Rat-tail monkey 65 21 14 0

Acetyl Acetyl group from Guinea pig 78 5 17 0

acetyl-0CoA T = 2= = u

Formylation (dogs, rats) Fjrlm wy) l'J % -

Sulfate group from PAPS Rabbit 16 0 45 o

Phosphate monoester formation (dogs. insects)) Gerbil 15 0 69 15




Lidé vystaveni spousté sloucenin

Xenobiotika mohou byt induktory ci
inhibitory enzymovych aktivit

Chemickeé viivy

Enzymova inhibice — narust ¢i pokles toxicity

-Kompetitivni - narist Km,

Source of

use

Number Type Estimate®

1500 Active ingredients of pesticides EPA

4000 Active ingredients of drugs FDA

2000 Drug additives (preservatives, FDA
stabilizers, etc.)

2500 Food additives (nutritional value) FDA

3000 Food additives (preservatives, FDA
stabilizers, etc.)

50,000  Additional chemicals in common EPA

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

0
CeHs_ 3
PO 4 \\; NO;
C;Hs0 —

EPN [esterases]
O-Ethyl-O-p-nitrophenyl
phenylphosphonothioate

o0
CaHsOCCH=CHCOC;Hs

Diethyl maleate
[glutathione S-transferase]

PR _
(YL )
N/ TN

Metyrapone
[P450]

L
(CaHshNCSSCNI(CoHs)2
Disulfiram ( Antabuse)
[aldehyde dehydrogenase]

Vm konstantni

-Nekompetitivni - pokles

Vm, Km stejna

-Akompetitivni - zména Vm

a Km ve stejném poméru

-Ireversibilni - kovy, CO



Mezi-Iékové interakee (drug-drug interactions)

Drug Interaction
- Lécba nemoci - vice jak 1 lécivo Q Drug
- Vice latek (léciv) se mize vzajemné ovliviiovat
- Nikdy nejsme exponovani ,jenom" jedné latce
- Cokoliv, co mize ovlivnit koncentraci Food Supplement

(terapeutickou / toxickou) i interakci s
molekularnim cilem je klicové pro vysledny

efekt! Decrease Action Increase Action Cause Adverse
of Drug(s) of Drug(s) Effects

Possible Effects

- Interakce Farmako/Toxikokineticke
¢i Farmako/Toxikodynamické




Affected intra/extra-hepatic metabolism

Competitive
_ inhibitor
R ~
"o &
~ l l Inhibitor
.
&
IVE NACTIVE

Affected gastrointestinal absorption

5 BN &
° 3 [
1 Adsorption
2\ complex formation
X
{an J/ Altered
% intestinal flora

DRUG
INTERACTIONS
PHARMACOKINETICS

Affected organization distribution
T

@9 _ affinity drug @)
g . 9
o I

Reabsorption 8—==
............ fo - W
Albumin 7

Affected cellular transport

-

LA Increase
* Inhibition prosen
expression

Induction,

Alkalizer/Acidifier
Altered urine pH

Interfere with
reabsorption

Y

Mezi-iékové interakee (drug-drug interactions)

Pharmacodynamic additive effects

Same Target + Different Targets
o2 ° 0o o ° ®e
@ e @
m nist mwm v ; Ag"H st :.w\

? l&f

Enhanced pharmacologi( response

Pharmacodynamic antagonistic effects

Same Target + Different Targets
[ ] @ H ©
°q ©ieg ® o
e ©
AQOM st mnpm Y : Abn nist Antagonist |

ﬁ?&

Reduced pharmaco\ogl(a\ response

DDI - kinetické (hladinu / koncentraci)
- napf. Inhibice CYP2C9 = vyssi hladina warfarinu

mrulw [ | . ;
’ ) krvaceni

Flukonazol

DDI - dynamickeé (cil)

napf. indukce CYP2E1 alkoholem =» vétsi
pravdépodobnost posSkozeni jater
Paracetamolem

napfi. Kofein + alkohol = vyruseni tu€inku




Nasledky Isolorma-sneclllckvcn CYP Indukci (DDI)

Bioaktivace kokainu — zvysena toxicita

\

Indukce CYPU
skrze CAR !!

?YP§A/2A u N-oxidace
clovéka ~T ] ot
HaC—N O
ﬁﬂ/@
§

antikonvulzivum Jaterni nekréza



http://en.wikipedia.org/wiki/File:Kokain_-_Cocaine.svg
http://en.wikipedia.org/wiki/File:Cocaine_hydrochloride_CII_for_medicinal_use.jpg
http://en.wikipedia.org/wiki/File:CocaineHydrochloridePowder.jpg
http://en.wikipedia.org/wiki/File:Man_sniffing.jpg
http://en.wikipedia.org/wiki/File:Phenobarbital.png
http://en.wikipedia.org/wiki/File:Kokain_-_Cocaine.svg
http://www.google.cz/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=l1euNY0pWSDsaM&tbnid=qPMZJlYdTbGreM:&ved=0CAUQjRw&url=http%3A%2F%2Fcaliforniaaddictionnetwork.com%2Fdrug-directory1%2Fphenobarbital-addictive-properties%2F&ei=MelSUvqxD8bAtQbgsYCQAQ&bvm=bv.53537100,d.bGE&psig=AFQjCNHgBofqdGFDotKuIFqI1PZ4naURxg&ust=1381251754615731

Nasledky Isoforma-specifickfch CYP Indukei (DDI)

Snizena biodostupnost

=) PXR W CYP3A4I

13

10+

ir concentration { g, mL)

= o

Time (h)

Nezadouci !!!
Snizeni plasmatické hladiny indinaviru

Zadouci ???



http://en.wikipedia.org/wiki/File:Ethinylestradiol-2D-skeletal.png
http://en.wikipedia.org/wiki/File:Pilule_contraceptive.jpg

Nasledky Isoforma-specifickfch CYP Indukei (DDI)

Bergamottin

CYP3A4 Narust AUC

D

Bradykardie

P

O
— g Owge Hypotenze
220 I[ i o~ Ztrata
védomi <

30 Nifedipine P
antihypertensivum @2
5 1 1Ife



http://en.wikipedia.org/wiki/File:Nifedipine.svg
http://www.google.cz/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=N8Xgt5i26WynqM&tbnid=m9RXI5olNhdhxM:&ved=0CAUQjRw&url=http%3A%2F%2Ftrade.indiamart.com%2Fdetails.mp%3Foffer%3D3763387962&ei=zQ9TUpXSItDTsgbJ54G4Ag&bvm=bv.53537100,d.bGE&psig=AFQjCNELQEs_DwsVATTXRxb0gW1iAxL2lw&ust=1381261613101554

Bergamottin

1

CYP3A4

Nasledky isoforma-specifickich CYP inhibici (DDI)

N
HLC”




Slovo zavérem.....

Biotransformace = zplsob ochrany i potizi

Sweets
O, 0-3 SERVINGS
%,
2
0,
%

- Daily Tea -y Y
- Alcohol in moderation ST %

w 0.7 SERVINGS.

o 9% 1-3 SERVINGS

Vegetables
7-13 SERVINGS

FreakingN ews.com

Genetika Prostredi

Vhodna / nevhodna kombinace je Vasi ochranou / Vasim
prokletim



THANKS!

Do you have any questions?
youremail@freepik.com
+34 654 321432
yourwebsite.com
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