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Metabolismus xenobiotik

Zakladni funkce metabolismu xenobiotik (latky cizi organismu — IéCiva, drogy,
pesticidy, konzervanty, kontaminanty, atd.) je transformace na derivat s vyssi
rozpustnosti ve vodé, ktery muze byt snaze eliminovan z organismu

Metabolismus xenobiotik ma dva zakladni kroky:

« |. faze zména ucCinku, zmeéna toxicity latek — reakCni zmény funkCnich skupin:
oxidacni (hydroxylace, epoxidace) a redukCni (redukce karbonylu) reakce,
dealkylace na heteroatomu, deaminace, hydrolyza esteru atd.

« Il. faze — konjugacni reakce (napr. glukuronidace, sulfatace, acetylace,
glukosylace, konjugace glycinu, glutathionem, metylace atd.)

|. faze ll. faze
H ———— OH ———> OSO3H



Vyznam studii metabolismu lécCiv

informace, zda-li organismus lé€ivo metabolizuje (u parazitu bakterii to neni
zadouci; u Cloveka, chovnych zvirat, rostlin to zadouci je)

— identifikace a kvantifikace metabolitt

— jak rychle je organismus schopen metabolity vyloucit

- informace, kde probiha metabolismus, kde se IéCivo Ci metabolity v
daném Case vyskytuje (MS zobrazovani, extrakce z tkani)

studium fragmentacnich mechanismu
objasnéni nezadoucich ucinku léCiv

detekce potencialné nebezpecnych toxickych metabolitd (reaktivni

metabolity - kovalentni vazba na biomakromolekuly)



Reaktivni metabolity

HN/RO HO\N/LO Yo
H

Spontanni |
CYP 450 konverze

»
»

o+

O OH O

« Mala mnozstvi acetaminophenu (paracetamol) jsou konvertovana na reaktivni
metabolit (elektrofilni N-Acetylbenzoquinoneimine), ktery za urcCitych okolnosti

reaguje s makromolekulami tkani a zpusobuje nekrdzu jater

https://ulbld.If1.cuni.cz/file/416/Xenobiochemie.pdf



Jaké metabolity l1ze ocekavat

softwarové algoritmy - predikce a detekce metabolitl (porovnani se slepym
vzorkem)

modelovani metabolismu (reakcni elektrochemické cely)

in vitro inkubace napf. na mikrozomech, hepatocytech (relativnée Cisté vzorky)
na zaklade literatury

na zakladé nasich znalosti s ohledem na strukturu IéCiva

redukce karbonylu

N-demethylace, O-demethylace

v

hydroxylace

N-oxidace

konjugacni reakce (Il. faze)




Rozdilna metabolizace — tasemnice a potkan (PZQ)
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I. Vokfal, R. Jirasko, V. Jedlickova, H. Bartikova, L. Skalova, J. Lamka, M. HolCapek, B. Szotakova, Vet. Parasitol., 185 (2012) 168.



Rozdilna metabolizace - vlasovky a ovce (FLU)
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Jaké metabolity lze ocekavat

« anthelmintika vstupuji do prirodniho procesu pres trus a mocC zvirat
* narusSeni rovnovahy ekosystemu
« testovani phytotoxicity a biotransformace anthelmintik

 deaktivace IéCiv
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L. Stuchlikova, R. Jirasko, L. Skalova, F. Pavlik, B. Szotakova, M. HolCapek, T. Vanék, R. Podlipna, Chemosphere, 157 (2016) 10.



Studium metabolismu lé€iv s vyuzitim MS

Upravené biotransformacni
vzorky (plazma, moc, tkane,
kultivacni meédium, bunky,
atd.)

<

Preparativni HPLC
(sbirani frakci)

j>l UHPLC (RP faze - C18 kolona, linearni gradient -

vhodny pufr, ACN, MeOH), informace o t; metabolitii

<

Hmotnostni spektrometrie
vybér ionizace (ESI x APCI), oba moédy polarity, vysoka
spravnost méreni m/z, rozliSeni, MS/MS, iontova mobilita

@ Syntéza standardu

Pfima infuze (MS") [; Kvantitativni informace

NMR (LC/NMR)
Strukturni informace

<

oveérenych metabolitd,
ovéreni izomeru

rychla kvalitativni informace

ldentifikace metabolitu je zalozena na stanoveni elementarniho slozeni
metabolitt, interpretaci MS/MS spekter, retenéniho chovani, UV spekter z
PDA detektoru, popfr. informaci z dalsich spektralnich technik




Chromatograficka retence v zavislosti na polarité
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I. Vokfal, R. Jirasko, V. Jedlickova, H. Bartikova, L. Skalova, J. Lamka, M. HolCapek, B. Szotakova, Vet. Parasitol., 185 (2012) 168.



Chromatograficka retence v zavislosti na polarite

HO
COOH t
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retence LR (vychozi Istky)
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R. Jirasko, T. Mikysek, V. Chagovets, I. Vokral, M. HolCapek, Anal. Bioanal. Chem., 405 (2013) 7181.



Defekty atomovych

hmotnosti
Nominal atomic mass | Mass defect
[Da] [mDa]
1 +7.8 m w W wvesw /s n J 4
2 o | Nejbeznejsi metabolicke
14 +3.1 ,
= — reakce |. faze
19 -1.6 - -
Nominal mass Metabolic reaction Exact mass
28 -23.1 : )
2 BTy, shift [ADa] (elemental composition change) shift [mDa]
3 279 -44 Decarboxylation (-CO,) +10.2
35 311 -18 Alcohol dehydration (-H,0) +10.6
79 817 -14 Demethylation (-CH,) -15.7
955 -2 Ring formation (-H,) -15.7
+2 Ring opening (+H,) +15.7
+14 Hydroxylation and cyclization (+O-H,) -20.7
Hydroxylation (+O) 5.1
+16 Epoxidation (+O) -5.1
Oxidation (+O) 5.1
+34 Epoxidation and hydration (+H,0,) +5.5




Nejbézneéjsi metabolické reakce Il. faze

Nominal mass Conjugation reaction (elemental composition change) Drug functional group E)faCt mass
shift [ADa] shift [mDa]
+14 Methylation (+CH,) NH,, OH, SH +15.7
+42 Acetyl conjugation (+C,H,0) NH,, NHNH,, SO,NH,, OH +10.6
+57 Glycine conjugation (+C,H;0ON) COOCH +21.5
+79 Phosphorylation (+PO,) OH 415
+80 Sulfation (+SO3) NH,, SO,NH,, OH -43.2
+162 Glucosylation (+CgH;05) OH, COOH +52.8
+176 Glucuronidation (+CgHgOg) OH +32.1
+220 Indirect carbamate glucuronidation of amines (+C,HgOy) NH, + CO, +21.9
+306-X Glutathione conjugation — halide substitution (-X+C;yH;505N5S) Halide (X) +76.0
+305 Glutathione conjugation via epoxidation (+C;,H;505N5S) Aromatic +68.2

* V review celkem popsano 54 metabolickych reakci |. faze a 25
reakci Il. faze

M. HolCapek, L. Kolarova, M. Nobilis, Anal. Bioanal. Chem, 216 (2008) 1962




Filtrovani informaci z LC/MS a LC/MS/MS dat

« Z chromatogramu celkového iontového proudu (TICC) v LC/MS a
LC/MS/MS analyze (pokud oekavame urcité typy iontl napf. metabolity

|éCiv, degradacni produkty, derivaty, atd.)

— extrakce pouze urcitych iontovych proudu (ur€itych m/z), tzn.
chromatogramy rekonstruovanych (extrahovanych) iontovych proudu
(RIC neboli EIC)

— extrakce takovych produktovych spekter, ve kterych se vyskytuje urcita
neutralni ztrata (charakteristicka pro urcité typy sloucenin), tzn.

chromatogramy konstantnich neutralnich ztrat (pouze u LC/MS/MS)



Extrakce chromatogramu konstantni neutralni
ztraty z LC/MS/MS zaznamu

studované lécivo

Intens.
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EIC chromatogramy

Intens. | ‘,
X10* \= EIC - 540.186
6.0
| EIC - 542.202
40 i EIC - 556.218
I |
2.0 \ |\
4 A ‘
AT
0.0 Sp— ~
5 10 15 20 t. [min]
O_
, -CH, — demethylace N
Faze | O N—
+H, — redukce karbonylu Q e
Fazell |+CsHgO4,— glukuronidace "o ‘
o)
Elementarni sloZeni
MW Tond . ,
Glukuronid Ne,utralnl Meta,bollt Parvent.m Rozdil
ztrata - 176 |. faze slouc¢enina
539 C,gH,sNO, C,,H,,NO, -CH,
541 C,gH;,NO,, - CHgOq C,,H,;NO, - C,4,H,3NO, C (-CH,+H,)
555 C,H33NO, C,H,:NO, +H,




Kombinace s dalsimi technikami napfr. UV spektra
Redukovany DMF
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VIiv metabolizace na UV spektra

0
Abs. O’Q
mauld Do

\\ —dimefluron

18 -

16 - 9-O-desmethyldimefluron

14 -

—3-0-desmethyldimefluron
12 -

10 - —N-oxid dimefluronu

210 230 250 270 290 310 330 350 370 390 A[nm]



VIiv metabolizace na UV spektra

\é) \é)
Abs.
[mAU] —dimefluron
18 - benfluron
16 -
,\s —redukovany benfluron

14 -

o

10 -

redukovany dimefluron
9-hydroxybenfluron

—9-hydroxybenfluron+red

210 230 250 270 290 310 330 350 370 390 A [nm]



Biotransformace - identifikace enantiomeru

chiralni separace

F
flubendazol ‘ O HN}NH V, 1600
C16H1oN305F ‘ N/ Wfo 1400-
O
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[
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0

nutna chiralni separace nebo iontova mobilita
(standardy enantiomeru nebo polarimetricky detektor)

10 20
time (min)




Biotransformace — identifikace diastereoizomeru

redukovany flubendazol
C16H14N3O3F
MW=315 - Jeden chromatograficky pik pro metabolity I. faze

HN
O ‘O /}NH , = Dva piky pro metabolity Il. faze
y—o

N : : - .
m é « diastereoizomery lze rozdélit v RP systémech

konjugace s kyselinou

e FLU + H, + C4HgO,

Pomér intensity urcitych fragmentovych ionta v
MS/MS muze byt pro diastereoizomery rozdilny)

glukuronovou '”)tgg?‘ Am/z 194,042

C¢H100- (-0,7 mDa)

(+ CgH4,0; - H,0) v 3.0 —298°
2 diastereoizomery o Am/z 32,0249
~ |CH3;0H (-1,3 mDa) Am/z 176,0311

/>—NH J 10 C¢HgOg (-1,0 mDa)
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Mereni tandemovych hmotnostnich spekter

Intens.
x10° |

Intens.

x10°

0

o MS/MS pro m/z 353 [M-H]
119 0506 C.H.0,  (xanthohumol)
: ' 233.0824
- C10H1302
165.0930 2?5%083
09 C.H..0,
C,H,,0, C,;H, 0O, 353.1408
189.0936 295.0622
T S s 300 350 miz
] CH.0 C.H.0, MS/MS pro m/z 353 [M-H]
1 119.0503 175.0040
xanthohumol
: C8H3O4 C H O C12H904 ( )
- 163.0038 13 217.0485
" 189.0520 :
1%":"5?39 ) | C.H,0, C,H,0, C.H.O
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‘*MI .‘;\ .;!'I;J [T 11 l‘ l; . | J ‘
1(56'_“1“”‘15rO”"IH‘FZ(I)O'”IhHZéOHHIH.'3(])0 """""" 31‘)0'.'mlr7
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Il kolizni energii pri fragmentaci - spektra se mohou vyrazne lisit

R. Jirasko, M. Hol&apek, E. Vrublova, J. Ulrichova, V. Simanek, J. Chromatogr. A, 1217 (2010) 4100.



Intens.

O jaké metabolity se jedna? 'y ESI' - MS/MS of 364
6
0— 333.1096 <—
O @ 4 | Am/z 31
O tR= 21.1 min CH3NH,
(0]
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°  N-demethylace 0 il all ul L 4 | |
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O jaké metabolity se jedna?

T MW=393
N-oxidace
IAm/z 16
@
O MW=377
i
Am/z 16
hydroxylace
MW=393

O_

O
eSS

0]

'n)t(jgg ESI' - MS/MS of 394
1.5 205.0798 <Mz 28 + 61
1.0
t,= 23,4 min Am/z 61
/ 0.5 $ (CH,),NOH
333.1113
0.0 = ‘ \ *
200 250 300 350 400 mlz
Lnten. 333 MS/MS 378
Oba metabolity maji stejné
s y majl stej
7 min o] < elementarni slozeni - jejich
S 3 Am/z 45 | rozliSeni na zakladé
> (CH3)NH| retence (standardy) nebo
1 MS/MS
0 - ’
200 250 300 350 400 m/z
'n;?gf- ESI" - MS/MS of 394
6
_ , 349.1064 €<—
T 334.0856 (CH,),NH
2 321.0777
0 P | 4
200 250 300 350 400 m/z




Zadani: V LC/HR-MS zaznamu vzorku plasmy potkana, kterému bylo peroralné podano lécCivo
dimefluron (C,3H,;NO,, t,=21,7 min) byly nalezeny dva metabolity o stejném elementarnim
slozeni C,gH3;NO,,. O jaké metabolity se jedna? (UV spektra vychozi latky a metabolitu jsou

naprosto odliSna). - Faze |: redukce karbonylu
C,gH4;NO,, — CcHgOg = AC,,H,;NO,— A-C C\,\Z—\—\’\z demethylace
- Cy3Hy3NO, Faze II: glukuronidace
m/z 542,2021 [M+H]*, tg= 10,6 min | 'ntens.
X10 Am/z 176 C6H806
@ 6 366.1689 <
(Y -
4
Am/z 194 C¢H,,0
@O‘O 2 348.1572¢ —
&) | ot -
250 300 350 400 450 500  miz
g CH,CHNHCH
.y : X10° 2 3 CH,,0
m/z 542,2013 [M+H] t,=15,7 min 0| AmizsT  aus1s0se M2 194 CHiO:
1709
@ 4
O 2 Am/z 176  CHgOq
O’ 305.1204 366 12«
Ot 250 300 350 400 450 500  miz




Zadani: V LC/HR-MS zaznamu vzorku plasmy potkana, kterému bylo peroralné podano lé€ivo
dimefluron (C,;H,3NO,) byly nalezeny dva metabolity (MW=541). Na zaklade HR-MS mérfeni
rizné elementarni sloZeni (viz nize). O jaké metabolity se jedna?

Faze | , _ <
1. C2gH3:NOy C_HS C2oH,3NO, C hNG @@ Faze "'
© 686 — La3FpsNUy .
2. CyHasNOy = CpHuNO, ——> Faze Il:@lukosylace>
2035 e _c 1y 70 232N s @

— Cy3Hy3NO,

m/z 542,2021 [M+H]*

Intens.

t-=10,6 min \ X10'
_ C.H.0
N 6 366.1689 «—2m/2 176 CdHiO
4 Am/z 194 C6H1()O7

t.= 21,7 min O_/‘ 2 |Q91.098D 4,0 457s

vychozi t
168ivo oL i1 2
250 300 350 400 450 500 m/z
Intens.
~o X10 Am/z 180 C6H1206
3 362.1745 <«
2
Am/z 162 C¢H,,Os
1 380.1879 <
0 . |..|..Ah-.l.lh. ks ..l, .i¢. - dioal TR o | ’
m/z 542,2375 [M+H]*, tz= 13,6 min 250 300 350 400 450 500 m/z




Vychozi zadani: V LC/HR-MS zaznamu vzorku plasmy potkana, kterému bylo peroralné
podano lécCivo benfluron (C,;H;4NO, ,t:=23,7 min) byl nalezen metabolit o elementarnim slozeni

C,,H,;NOS. O jaky metabolit se jedna?
Faze |
B C21H19N02

Faze I: C@&dukce karbonyll
Féze II: Guifatace >

Intens. ]
x10° | tg=15.8 min.

1.2

miz] 1 1

416 [T00%100% [M+H]'
416.1157 ["417| 24% 24% Logigl
416.1157

418] 8.5% 8.1%

ESI

0.8 417117
618.1142)
0.4 4588 ———
0N 80
SO,
0.0 | | |
200 250 300 350 400

Kdyby byly 2*0O misto S, M+2 izotop by mél 4.3%

nebo

'”ﬁg% Am/z 71 ESI*- MS/MS (416)

5 (CH;),NHCH=CH, AmS/68O
336.1698 € 3

) 273.0912
v

247.0754 |  318.1499 AHm/SZO%
2 Sm/z 45 294 O
(CH,),NH
0 - b bl Ty BTN o N JJ_ AL T GTENT| P
200 250 300 350 400 m/z



Vicenasobna glukuronidace

m/z 674 [M+H]*, tz=8,5 min. ——> C;,H;:NO Nizky retencni (0,36)
benfluron . 4 on
0 HN_ 2*glukuronidace 2
O 0 >\_Ho ©H
O. redukce karbonylu, hydroxylace
\}) demethylace
Intens. -
x10° | ES"™- MS/MS (674)
| CH,CHNHCH, Am/z 176 Am/z 194
1.5 Am/z 57 ) 480.1647 <
| 2470720 « 304 1285
18 | ‘ Am/z 176
05. 1 261.0924 498.1722 «——
=5 ; |
0.0: L @i, l . " .l Il hittal — \.h:" 1 '8 A ﬂllAll.l - i) L l’l

100 200 300 400 500 600 miz



V jake casti molekuly doslo ke zmene?

atorvastatin e ESI MS/MS of 557
M=558 coon\AM/z 160 0.9 t,= 3,6 min
] Am/z 119, Am/z 160
> a8 453«
F 0.3 Am/Z
Am/z 119 ] 278 104
1%+ & A " WU S (N .
100 200 300 400 500 m/z
| -
Al Xio-] ESI | a7 AoMS of 497
457 tg= 8,2 min AM/zZ
B-oxidace B-oxidace + hydroxylace - 119 Am/z
Am/z 100 Am/z 100 " l
1711 NOR—— i I A -
100 200 300 400 500 m/z
1 ESI 278<—— MS/MS of 513
2 tg= 7,7 min
: 134 Am/z 135 Am/2
100
413<—
3 e —— 1“,[‘ H“‘,L, y T
100 200 300 400 500 miz




V jake casti molekuly doslo k oxidaci?

M=574, C;3H3:N,OqF = atorvastatin + O
(Kde probéhla oxidace? )

m/z 278

m/z 134

st A/ 278 - MS/MS of 573
301 134 Am/z 135
5. 413
] Am/z 160
1.0
(0 9 M ' . l - N E— PR S N -
100 200 300 400 500 miz
Intens -
g B/ 294 MS/MS of 573
1.2 Am/z 160 ‘
0.8- 454
! 436 Am/z
392 \,
0.0 4‘ T T T A S LI U ‘L T TTrr7 T
100 200 300 400 500 m/z
S MS/MS of 573
1 Cf 355 413
] CHs
0”7 “CHs
lﬁl%h‘ 515 l
0ta, - .1}5'»1,1,”11.1’.”1, .“.Il"‘ll“‘l,,l,'l. :
100 200 300 400 500 miz



#16/ Vysvetlete ionty a rozhodnéte, zda-li je sloucenina B odvozena

od slouceniny A (kokainu)

Slou€enina A: ESI*, MS/MS iontu [M+H]*

H+ / 32

FT HCD 45 NCE MS2 304.1543 I-Sté i l
( ) — 1821176 < StePeN! 0
100 / Q_, A 32 A 122
NH+
ot CH.OH CgH:;COOH
% b, Il o
i-St€peni A 32
82 0651 M

................................ 105, 0335 150.0913 2re 285331543

0 | | I | | |
50 100 150 200 250 300 miz

Slouc¢enina B: ESI*, MS/MS iontu [M+H]*
(FT HCD 40 NCE MS?2 318.1700)

5 O
100 A 46
” C,H;OH

%

L | 168.1019
| |

196.1332 <

..................... St . B
~~~~~~~~~~ ) epe%8 presmyk b-H 27212814 46
‘105 0335 150.0913 24 L T 318.1700

Kokaethylen ©°

N
O/
I-Stépeni

@)
A 122 (C¢H;COOH) Ug

O

|stepen| C,H:OH ¢

|
50 100 150 200

|
250 300 M~z

Zdroj: mzCloud (https://www.mzcloud.org/)
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