IMPORTANCE DE L'OXYDATION METABOLIQUE
DES MEDICAMENTS ET AUTRES
XENOBIOTIQUES: DEVELOPPEMENTS RECENTS

PARIS @

DESCARTES s s Pt

Académie Nationale de Pharmacie
19 Mai 2010



- | before 1980 I: - DMPK studies largely descriptive in nature , in support of product
registration

=== primary reason for failure of drug candidates : inappropriate
human pharmacokinetics

- access to recombinant human proteins

- genetic basis for inter-subject variability in DMP K
- pharmacogenomics

- bioanalysis (LC-MS/MS ; AMS ; UHPLC...)

-Inow |: - integration of DMPK as a key component oft  he overall

drug discovery process, as medicinal chemistry, pha rmacology
and toxicology

=== failure of drug candidates due to inappropriate DMP K
properties fell from 39% to 8%

lack of efficacy in humans and preclinical toxicolo gy now listed
as the major reasons for failure

T.A. Baillie, Chem. Res. Toxicol., 21, 129 (2008)



FAITS RECENTS SOULIGNANT L'IMPORTANCE DE LA

-AISSANCE DU METABOLISME DES XENOBIOTI_

Y2 Juin 2007

%, Février 2008

. Mise en place de |REACH

Reglement Européen sur I'Evaluation et I'Autorisati on
des Substances Chimiques (Toxicité tres souvent due
a des Métabolites Réactifs )

.| FDA | (Food and Drug Administration)

Guidance for Industry on SAFETY TESTING

of DRUG METABOLITES |: nécessité d'un dossier

toxicologigue pour certains métabolites des

médicaments formés en quantités particulierement
importantes chez ’homme.



METABOLISME et ELIMINATION des XENOBIOTIQUES

CELLULE
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PROGRES RECENTS SUR LES STRUCTURES ET
LES MECANISMES D’ACTION DES
MONOOXYGENASES A CYTOCHROME P450
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IMPORTANCE of the KNOWLEDGE of DRUG METABOLISM
iIn MAN in the RESEARCH of NEW ACTIVE MOLECULES

PHARMACOGENETICS
P450s
(2C-30 isozymes conjugation y
RH » ROH » ROR’™ —— ELIMINATION
RATE OF
ELIMINATION
R'H BIOAVAILABILITY
(second drug)
— [R*] > SECONDARY

IN[%FELF{%E:DTF%&S TOXIC EFFECTS

TOXICOLOGICAL
PREDICTIONS



CYTOCHROME P450-DEPENDENT MONOOXYGENASES

RH+ O, + 2e + 2H" > ROH + H,0

/Protein TRANSFER of one O from O ,

!

MONOOXYGENASES involved
in the BIOSYNTHESIS of
ENDOBIOTICS (steroids, fatty
acid mediators, terpenes,

OXIDATION alkaloids...) and the
E—> mmmP> | | IETABOLISM of XENOBIOTICS

CATALYSIS :
(Drugs, pollutants...) in all
organisms

VERY WIDE SUBSTRATE
DIVERSITY



CYTOCHROMES P450 : a MULTIGENE FAMILY

- ~ 11300 genes coding for P450s (M ~ 50kDa) reported so far
(57 in human genome ; > 300 in rice genome)

- 977 families (proteins with more than 40% sequence homology)
known in eukaryote and prokaryote species

- ubiquitous In living organisms

- common ancestral gene about 3.5 billions years ago, analogous
to the P450 common to all species: CYP51 (lanosterol-14 a-
demethylase)

. almost unlimited number of substrates

- ~ 200 X-ray structures, however those of mammalian P 450s mostly
after 2003



P450s STORY : 50 YEARS of RESEARCH

P450 catalytic cycle Progressive discovery

OMURA, SATO «Oxygen o P45O~S§gggam”y First X-ray
pigments = rebound » ( ) structures
cﬁochr(fmes P450 mechanism of human P450s
1962 1976 2003
l l l l | | | L
J I | I | | | N
1958 1968 1985 2000 2008
t t t t
Discovery of First purification First X-ray First X-ray
a rat and pig of a P450 : structure : structure of
liver pigment P450cam P450cam a mammalian
absorbing at _ P450 (2C5)
450 nm in the Richness of . _
presence of NADPH P450 coordination Diversity of
and CO chemistry P45Q catalytic
KLINGENBERG functions
GARFUNKEL

D. Mansuy, C.R. Acad. Sci. Chimie, 392 (2007)






ADAPTATION of AEROBIC ORGANISMS

to XENOBIOTICS

Functionalisation Conjugation
RH > ROH > ROR’ ......
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USE as a CARBON SOURCE

ELIMINATION
DETOXICATION






CHARACTERISTICS of HUMAN P450s INVOLVED
in DRUG METABOLISM

2C8 2C9

2C18
2C19 2A6

2D6
—_ . 3A4
2D6 1A2
SE others
2E1
3A ' 2C9

3A4  SAD

_ Three of them RESPONSIBLE
P450s in HUMAN LIVER for OXIDATION of 80% of DRUGS

4

1 - VERY POOR SUBSTRATE SELECTIVITY



The DRUG-METABOLIZING P450 PARADOX

e a VERY WEAK SUBSTRATE SPECIFICITY
with, however :

« RELATIVELY HIGH CATALYTIC EFFICIENCIES FOR SOME
SUBSTRATES (kcat/ Km up to 2.10 si. M)

e RELATIVELY HIGH REGIOSELECTIVITIES (for some substr
(> 99% for DICLOFENAC)

ates)



FAST DEVELOPMENT of TOOLS for DRUG METABOLISM PREDI CTION :

~1990

-199¢

- 2000

- 2003

EXAMPLE of HUMAN CYTOCHROMES P450

PREDICTION in vitro PREDICTION in silico

* Development of systems based
on recombinant P450s (expressed
in E. coli, yeast, insect cells...)
under catalytically active forms

» Construction of 3D MODELS for
human P450-substrate complexes

1 (molecular modelling based on
. : bacterial P450 structurés, NMR,
Commercially available
mutants...)

since 1996

e Publication of the FIRST X-RAY
STRUCTURE of MAMMALIAN
P450 (2C5)
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Tienilic acid Sulfaphenazole Diclofenac
derivatives (42) derivatives (54) derivatives (4)

N.T. Ha-Duong et al.]J. Med. Chem 3199 (2001)



COMPARISON of the X - RAY STRUCTURES of FREE CYP 2C5 and the
CYP 2C5 - DMZ COMPLEX

Free 2C5

C-terminal loop

B-C loop ‘ COMPACTION of the ACTIVE SITE
around the SUBSTRATE

2C5>-DMZ « structuration of B-C loop (B’ helix)

» structuration of F-G loop
» closing of substrate and solvent channels

C. Marques et al. (2003iochemistry, 6370 and 9335.




The DRUG-METABOLIZING P450 PARADOX

* Highly CONSERVED
3D BUILDING BLOCKS for
CATALYTIC FUNCTIONS
(electron tranfer, Qactivation :
Fe-Sregion;B,C,D,E, L, F
and G Helices)

1 - VERY POOR SUBSTRATE SELECTIVITY <= - Highly VARIABLE POSITIONS

2 - however, EFFICIENT (kcat/Km) of LOOPS : B-C and F-G loops
and REGIOSELECTIVE CATALYSTS
(for some substrates) 1

ADAPTATION to
VERY DIVERSE SUBSTRATES



X-RAY STRUCTURES of HUMAN CYTOCHROMES P450
July 2003-2008
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E.F. Johnson, C.D. Stout, B.B.R.C. (2005)



GREAT DIVERSITY of P450 ACTIVE SITE SIZES-EFFECTS o f

SUBSTRATE BINDING

P450 SUBSTRATE ACTIVE SITE
VOLUME (A?3)

2E1 INDAZOLE 190

2A6 COUMARIN 230

2D6 - 790

2C5 - 1250

DICLOFENAC 750

2C9 - 1400
FLURBIPROFEN 1100

2C8 - 1590

3A4 - 1850
PROGESTERONE 1300







ADAPTATION of LIVING ORGANISMS to XENOBIOTICS

Hypervariable

region (B-C and

F-G loops) in terms of AA
sequence and 3D structure

Highy conserved (3D) region
(helicesC, D, E, H, I, J, K, L)

CONSERVATION of the
CATALYSIS CORE

offers many AA Plasticity for

residues for substrate and adaptation
to substrates

recognition |
Great variability t I
of 3D structures ! :
of the SUBSTRATE v :

BINDING SITE

Small, closed |(2A6) '

7/
.“ Multiple choice of

CYP1As  .”  cavity shapes and

— e binding modes |

— - !

- |
CYP X \
_ EFFICIENT
— CATALYSIS

RECOGNITION of RH by ~ and ELIMINATION

«INDUCTION FACTORS»

very large,
opened i (3A4) 1

INDUCTION of the
LIBRAIRY of BIOSYNTHESIS of
CYTOCHROMES P450 CYP X

D. Mansuy, Catalysis Today, 138, 2 (2008)



FAST DEVELOPMENT of TOOLS for DRUG METABOLISM PREDI CTION :

~1990

-199¢

- 2000

- 2003

EXAMPLE of HUMAN CYTOCHROMES P450

PREDICTION in vitro PREDICTION in silico

* Development of systems based
on recombinant P450s (expressed
in E. coli, yeast, insect cells...)
under catalytically active forms

» Construction of 3D MODELS for
human P450-substrate complexes

1 (molecular modelling based on
. : bacterial P450 structurés, NMR,
Commercially available
mutants...)

since 1996

e Publication of the FIRST X-RAY
STRUCTURE of MAMMALIAN
P450 (2C5)



D. Mansuy et al., Coord. Chem. Rev. 125 (1993) ; J.T. Groves et al., 1032 (1979) ; B. Meunier , Chem. Rev., 1411 (1992)
D. Mansuy, C.R. Chimie, 392 (2007)



START-UPs PROPOSANT L'UTILISATION de SYSTEMES
BIOMIMETIQUES des P450s POUR |la PREPARATION de
METABOLITES de MEDICAMENTS

- ALPHA CHIMICA Chatenay-Malaby (France)

- HEPATOCHEM Belmont, MA (USA)






TICLOPIDINE and CLOPIDOGREL are PRODRUGS
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J.M. Perelllo, ..., J.P. Maffrand et al., Drug. Metab. Disp. 1288 (2002)




A POSSIBLE MECHANISM for P450-DEPENDENT
ACTIVATION of TICLOPIDINE and CLOPIDOGREL
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P.M. Dansette et al., Chem. Res. Toxicol., 22, 369 (2009)
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