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Structure of some neurotransmitters
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RRéécepteurscepteurs de Ligands type de Ligands type RFamideRFamide
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RRéécepteurscepteurs de Ligands non de Ligands non peptidiquespeptidiques
type type AcideAcide CarboxyliqueCarboxylique
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GPR80 (α-ketoglutaric acid)
GPR40 – GPR43 (Short chain fatty acids)

GPR91 (Succinic acid)

GABAB (γ-aminobutyrate)
mGluR1 – mGluR8 (Glutamate)

GPRC6A (Lysine)



























SPECIFIC CONCEPTS USEFUL FOR MEDICINAL CHEMISTRYSPECIFIC CONCEPTS USEFUL FOR MEDICINAL CHEMISTRY





ISOSTERYISOSTERY
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ELECTONIC PARAMETERSELECTONIC PARAMETERS



BIOISOSTERIC COMPOUNDSBIOISOSTERIC COMPOUNDS
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ISOSTERY:  ISOSTERY:  CarboxylicCarboxylic acidacid isosteresisosteres









Methyl effects in histamine derivatives

Stabilization of the ester function thanks to an
inductive effect of the p-methyl group.

Examples of oxydation of methyl to carbonyl groups

METHYL EFFECTSMETHYL EFFECTS



Antagonists of benzodiazepines

Benzodiazepine agonist
Benzodiazepine antagonist

CGS 8216



Design of water-soluble xanthine antagonists



Progressive simplification of the morphine molecule









TypicalTypical types types ofof rigidificationrigidification







DEVELOPMENT OF NOVEL ANTIDEVELOPMENT OF NOVEL ANTI--INFLAMMATORY COMPOUNDSINFLAMMATORY COMPOUNDS



NATURE REVIEWS, IMMUNOLOGY, 2002, 2,787-796



THE INFLAMMATORY
RESPONSE



SIGNAL TRANSDUCTION PATHWAYS 
INVOLVED IN THE PROCESS



COMMON MECHANISMS 
DEALING WITH

CHRONIC INFLAMMATORY
DISEASES

• asthma,

• rheumatoïd arthritis, 

• multiple sclerosis, 

• Alzheimer disease, 

• Crohn‘s disease,

• atopic dermatitis,

• septic shock

Lymphocytes

Activating system
(environment

genetics)

inflammatory
cytokines

(TNF-α, IL-1β)

Cell effectors

ROS,
Metalloproteases

Tissue 
damage



Use of anti-tumour necrosis factor agents in inflammatory bowel disease

European guidelines for 2001–2003

Inhibitors of de novo TNF-α synthesis

– α-Phthalimido-glutamide (thalidomide, Grünenthal/Cellgen): inhibits TNF 
production in vitro but is unlikely to inhibit TNF production in vivo. In 
diseases other than Crohn’s disease thalidomide is not a potent TNF 
inhibitor in vivo.

– ISIS 104838 (OraSense, ISIS/Elan Pharmaceuticals): orally antisense-
oligonucleotide directed against mRNA for human TNF -α.

– Oxpentifylline (Hoechst): PDE4 inhibitor, which has shown anti-TNF 
effects in vitro as well as in post-transplantation trials.



IN VITRO ACTION OF PDE 4 INHIBITORS

Bronchial smooth muscle Relaxation

Mast cells Inhibition of antigen-induced mediator (histamine, LTC4) release

Basophils Inhibition of antigen-induced mediator (histamine, LTC4) release

Neutrophils inhibition of : respiratory burst, degranulation, PAF, LTB4 release

Eosinophils inhibition of : respiratory burst, degranulation

Endothelial cells Reduction of permeability

Macrophages Inhibition of AA breakdown

Inhibition of cytokine (TNF-α) release

Monocytes Inhibition of cytokine (TNF-α) release
Lymphocytes Inhibition of human cytotoxic T-lymphocyte activity

Inhibition of IL-2 release from T-lymphocytes

Inhibition of T-cell blastogenesis

Inhibition of IgE production from lymphocytes of atopic subjects



CYCLIC NUCLEOTIDE PHOSPHODIESTERASE
(PDE1 TO PDE5) ISOFORMS

Isoforms PDE1 PDE2 PDE3 PDE4 PDE5

Tissue species Vascular smooth
muscle platelets heart vascular smooth 

muscle, brain, lung platelets

Substrate cGMP
cAMP

cGMP
cAMP cAMP cAMP cGMP



DESIGN OF PDE4 INHIBITORS

• Starting from Rolipram
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DESIGN OF PDE4 INHIBITORS

• from pyrrolidones (Rolipram) to pyridazinones
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Substituted 6-aryl pyridazones as PDE4 inhibitors

NN

MeO

MeO

O

R

R, R1 = (CH2)n - Functional Group (FG)

Spacer
short (n=0-1)

intermediate (n=2-4)

long (n=8-12)

additionnal 

interaction

R1



Molecular Fragments Used

Design of small-sized libraries by combinatorial assembly of linkers and 
functional groups to a given scaffold :Application to the structure-based optimization 
of a phosphodiesterase 4 inhibitor. Krier et al. J.Med.Chem., submitted.
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Zardaverine- Two further binding modes

Card et al. 2004 PDB Code : 1XOR



NN
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MeO [CH2]n-FG
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[CH2]n-FG

Zardaverine 800

FG n IC50, nM

H 0 2,000

Ph 1 60

Ph 3 20

Ph 5 0.9

Ph 6 80

NH2 6 20

NHC(NH)NH2 6 60,000

Ph 1 8,000

Ph 3 10,000
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DESIGN OF PDE4 INHIBITORS

• Rational approach
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PDE1 PDE2 PDE3 PDE4 PDE5

IC50
(μM) 13 > 200 121 3 36

BWA78U, a pharmacologically active adenine derivative

N

N N
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NH
Me

F

BWA78U 

• Anticonvulsant at 1-3 mg/Kg p.o.
(electroshock, PTZ)

• Anxiolytic
(non antagonized by flumazenil)

• Affinity for BZD receptors :
IC50 = 13 μM

• Non active on adenosine receptors :
IC50 > 100 μM.



BWA78U STRUCTURAL OPTIMISATION WITHIN 
THE ADENINE SERIES
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ISOSTERES OF ADENINE
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FURTHER TOPOLOGICAL EXPLORATION WITHIN THE 
PYRAZOLOTRIAZINE SERIES

R1 R2 PDE4-I
IC50(nM)

Me (CH2)6-C(O)NHMe 130
Me (CH2)2-C(O)NHOH 30
CF3 (CH2)2-C(O)NHOH 1,5 *
Me (CH2)5-OH 200
Me (CH2)6-COOH 300
Me (CH2)6-C(O)N(Et)2 90
Me (CH2)5-NH-Ph 12

N

N

N

NH
Me

R1

N

R

R = (CH2)n - functional groups FG

FG

cations

anions

H bond A/D

hydrophobics

spacer

* selective towards other PDE's 
(IC50>10 μM)



PDE4 – INHIBITORS STARTING FROM XANTHINES
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DESIGN OF PDE4 INHIBITORS

• Benzodiazepines and related structures
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DEVELOPMENT OF ANTI-INFLAMMATORY COMPOUNDS

Receptors :

• kinins
• prostanoids
• neurotrophins
• peptides
• cytokines
• NO
• biogenic amines

Enzymes :

• phosphodiesterases
• protein kinases
• proteases
• Cyclooxygenases
• metalloproteinases
• NO synthase
• phospholipase A2

Known target

Binding / enzyme inhibition Cell-based assay

Unknown target



LPS :
Lipopolysaccharides

THE « BLACK BOX »



Exclusion des 
touches cytotoxiques

in vivo

Inhibiteurs (≤ 20 % contrôle)

IL-1ß et TNF-α IL-1ß TNF-α

17 0 15

32 touches dont 16 possédant une CI50 TNF-α < 2µM

SCREENING OF THE FIRST PART 
OF THE ULP LIBRARY

(1600 compounds)

1600 molécules testées
(chimiothèque n°1)

N.A2,0 ± 3,002-04 B08
10,1 ± 0,41,8 ± 0,302-02 A05
0,5 ± 0,30,1 ± 0,101-04H08

N.A.0,1 ± 0,101-02 F10
IL-1ßTNF-αcomposé

CI50 (µM)



T-30 : drogue IP (100 mg/Kg)

T+2h 30 : anesthésie puis sacrifice 
et section de la patte

centrifugation (1800 g/20min)
test Elisa TNF-α

TT00 : Injection sous cutan: Injection sous cutanéée e 
100 100 µµl LPS (1mg/ml)l LPS (1mg/ml)

IN VIVO VALIDATION



CHIMIOPROTEOMIC APPROACH

Biotinylation
hameçons -> protéines 

cibles

Protéomique
Identification des cibles 
Spectrométrie de masse
Alain Van Dorsselaer UMR CNRS 

7509

à ce jour  4 touches 
thérapeutiques potentielles

Modèle animal
d'inflammation

THP1

Transduction

Transcription

Sécrétion

ARNm TNFα
(PCR quantitative)

NFκB, P38MK 
(Confocal/FACS)

Cytokines 
(ELISA, FACS)

Criblage 
Chimiothèque

Mécanisme
d'action

sur souris NOD2-KO

Jean-Pierre HUGOT

RCPGs réprimés ou 
surexprimés

au cours de la Maladie de 
Crohn

nouvelles cibles 
pour sélectionner des 

molécules d’intérêt 
thérapeutique potentiel

Luc AGUILAR, Endocube SAS

3200 composés

PBMCs



DEVELOPMENT OF NEW ANTI-INFLAMMATORY DRUGS
CONCLUSIONS AND PERSPECTIVES

Screening
/ Cell-based assay
(human PBMC’s)

Validated
Hits

Structural analysis
Structural clustering,

Comparison with
literature data, etc.

Pharmacophore
analysis

Classified hits

In vivo validation
/ anti-TNF α

Selection of the most promising hits

Chimiogenomics
Isolation and characterization

of the target proteins

New in vitro assay
/ target

Further drug optimisation

Structural optimization
/ cell–based assay

2nd approach
Dealing with

Drug optimization

Known anti-inflammatories with
Unknown mechanism of action
Natural products / ethnopharmacology

In vivo tests
unexpected observations



BUILDING NEW PEPTIDOMIMETICS STARTING BUILDING NEW PEPTIDOMIMETICS STARTING 
FROM FROM SHORT PEPTIDESSHORT PEPTIDES



DevelopmentDevelopment ofof ligands ligands ofof neuropeptide neuropeptide receptorsreceptors



Rational Rational ApproachApproach



Identification Identification ofof thethe minimallyminimally active fragment active fragment alongalong thethe
sequencesequence ofof amino amino acidsacids in peptidesin peptides



CRITICAL ROLE OF ARGININE IN BINDING OF NPY TO ITS CRITICAL ROLE OF ARGININE IN BINDING OF NPY TO ITS 
RECEPTORRECEPTOR

HH--TyrTyr11--ProPro--SerSer--LysLys--ProPro--AspAsp--AsnAsn--ProPro--GlyGly--
GluGlu--AspAsp--AlaAla--ProPro--AlaAla--GluGlu--AspAsp--LeuLeu--AlaAla--
ArgArg--TyrTyr--TyrTyr--SerSer--AlaAla--LeuLeu--ArgArg--HisHis--TyrTyr--IleIle--
AsnAsn--LeuLeu--IleIle--ThrThr--ArgArg--GlnGln--ArgArg--TyrTyr3636--NHNH22

N
H

O

(D) Arg

OH

BIBP 3226BIBP 3226
ICIC5050 = 7 = 7 nMnM

NPY1 NPY1 antagonistantagonist

BIBP 3226BIBP 3226



Structural relation Structural relation betweenbetween BIBP BIBP andand ArgArg--TyrTyr--NHNH22



Alanine Alanine scanscan andand deletiondeletion studystudy ofof CamCam--16661666



Substance P Arg-Pro-Lys-Pro-Gln-Gln-Phe7-Phe8-Gly-Leu-Met-NH2

Cholecystokinine Asp-Tyr(OSO3H)-Met-Gly-Trp5-Met-Asp-Phe8-NH2

BINDING OF ENDOGENOUS PEPTIDES.BINDING OF ENDOGENOUS PEPTIDES.
CRITICAL ROLE PLAYED BY PHENYLALANINECRITICAL ROLE PLAYED BY PHENYLALANINE

Enkephalines Tyr-Gly-Gly-Phe4-Met



RigidificationRigidification ofof PhePhe--PhePhe dipeptidedipeptide



Non-peptides and Z-Phe-OBn (10)
A common structural denominator?







Analogues semiAnalogues semi--rigides drigides d’’αα-- AminoAmino acides acides 
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2-amino-imidazoles

2-amino-imidazolines

n = 1,2

Dipeptide-amide acylé
contenant l ’arginine



RGD RGD MimeticsMimetics
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HH22NN

NNHH Ac RGDNH2  CI50 138 μM

NNHH

NNHH22
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OHOH
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CICI5050 120nM120nM



DDÉÉRIVRIVÉÉS DE PHS DE PHÉÉNYLALANINE COMME LIGANDSNYLALANINE COMME LIGANDS
DES RDES RÉÉCEPTEURS MITOCHONDRIAUX AUX BENZODIAZCEPTEURS MITOCHONDRIAUX AUX BENZODIAZÉÉPINESPINES

N

N

MeO

Cl

Cl N

O NO

X

X

O

N

O

X

N

X

R

X = H

PEPTOIDE ?PEPTOIDE ?

RO 54864 N-phényl-N-acylglycinamide
CI 50 : 136nM

PEPTIDOMIMETIQUE DE DI OU TRI-PEPTIDE

INTERÊTS : - Résistance métabolique accrue.
- Restriction conformationnelle favorisant les interactions ligand /récepteur.

(L), R = Me, inactif
(D), R = H, Me, inactif
(L), R = H, CI 50 = 28nM

CI 50 : 3nM

Dérivés de Phe :



N
N

O
Ph

Ph

O

R

N-benzoyl-phénylalaninamide
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N-benzoyl-phénylalaninamide

LE CONCEPT DE PEPTOIDELE CONCEPT DE PEPTOIDE

N
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N-phényl-N-benzoyl-glycinamide

NCS 7027
CI50 = 1000 nM

N
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O

N-phényl-N-benzoyl-glycinamide

NCS 7027
CI50 = 1000 nM R = H : CI50 = 28 nM

R = Me : inactif



DerivesDerives de de PhePhe comme ligand des Rcomme ligand des R--BZMBZM
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NCS 7084 CI50 > 100 nM
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NCS 7084 CI50 > 100 nM

N
H

N

O
Ph

O
Ph

NCS 7083 CI50 = 7 nM
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O
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NCS 7083 CI50 = 7 nM

Diazépam Binding Inhibitor (DBI) 

N-terminal

~~~~~~Thr17-Gln-Pro-Thr20-Asp-Glu-Glu23-Met-Leu-Phe-Ile-Tyr28-Ser-His30-

Phe-Lys-Gln-Ala-Thr-Val-Gly-Asp-Val-Asn40-Thr-Asp-Arg43-Pro-Gly-Leu-Leu-Asp-

Leu-Lys50~~~~~~

C-terminal

N-terminal

~~~~~~Thr17-Gln-Pro-Thr20-Asp-Glu-Glu23-Met-Leu-Phe-Ile-Tyr28-Ser-His30-

Phe-Lys-Gln-Ala-Thr-Val-Gly-Asp-Val-Asn40-Thr-Asp-Arg43-Pro-Gly-Leu-Leu-Asp-

Leu-Lys50~~~~~~

C-terminal

Triakontatétraneuropeptide (TTN)Triakontatétraneuropeptide (TTN)



DevelopmentDevelopment ofof NPFF NPFF receptorreceptor antagonistsantagonists



GENERAL POINTS CONCERNING ARGININEGENERAL POINTS CONCERNING ARGININE
Basic amino-acids :

NH2

N
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COOH NH2 COOH
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NH2 COOH

NH2

NH2 COOH
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NH2

NH

Histidine Lysine Ornithine Arginine

NH2 COOH

N
H

NH2

NH

Tyr-……..-Arg-Tyr-NH2
NPY (36 AA)

Phe-Leu-Phe-Gln-
Pro-Gln-Arg-Phe-NH2

NPFF (8 AA)

…..-Arg-Arg-…..
Apamine (18 AA)

pGlu-….-Arg-Arg-….-Leu-OH
Neurotensine (13 AA)

…-Arg-Gly-Asp-…
RGD sequence

NO donor

Implicated in a large number of biological effects :



ARGININE : TOWARD COMPLEX INTERACTIONS

Four types of interactions reported in the PDB :

HLA-B27 site interacting with 
Arg 2 of a nonapeptide

Interaction between Arg of D-Phe-Pro-Arg
chloromethylketone (PPACK) and Asp. 199

of α-thrombine (1HAI)

- electrostatic : - Hydrogen bond acceptor or donor :



ARGININE : TOWARD COMPLEX INTERACTIONS

Four types of interactions reported in the PDB :

Interaction between the guanidine function of Arg 45 
and the guanidine function of Arg 68

in a lysozyme (8LYZ)

Interaction between the guanidine function of Arg 77A 
and indole ring of Trp 211A of OPPA
(oligopeptide binding protein) (1JET)

- π-cation : - Cation-cation :



Applications potentielles des ligands des rApplications potentielles des ligands des réécepteurs du NPFFcepteurs du NPFF

• Traitement de la douleur

• Traitement de la toxicomanie opioïde

Le Neuropeptide FFLe Neuropeptide FF

un octapeptide endogène

Phe-Leu-Phe-Gln-Pro-Gln-Arg-PheNH2

libération suite à la stimulation des récepteurs opioïdes
liaison à des récepteurs propres

effets opposés aux effets analgésiques des opioïdes

Système anti-opioïde endogène



Identification des sites 
NPFF              Phe Leu Phe Gln Pro Glu Arg Phe NH
125I NPFF 125 Tyr Leu Phe Gln Pro Glu Arg Phe NH

= 0.1 nM
ligands opiacés, substance P, CCK, NPY, MIF1 : pas de liaison à 10 M
affinité du NPFF pour les récepteurs aux opiacés : Ki = 5 M

Ki >10 μM

Distribution : moelle épinière, substance grise péri aqueducale, 
hypothalamus, structures dopaminergiques, lymphocytes, coeur

Couplage protéine G : second messager ?

KD

CaractCaractééristiques des sites de liaison du NPFFristiques des sites de liaison du NPFF



Importance  du  tImportance  du  téétrapeptide  Ctrapeptide  C --terminal  du  NPFFterminal  du  NPFF
pour  la  liaison  au  rpour  la  liaison  au  réécepteurcepteur

Ki nM

NPFFNPFF PhePhe LeuLeu PhePhe GlnGln ProPro GlnGln ArgArg PhePhe NHNH 22

PhePhe LeuLeu PhePhe GlnGln ProPro GlnGln ArgArg PhePhe OHOH

PQRF amidePQRF amide ProPro GlnGln ArgArg PhePhe NHNH 22

FMRF amideFMRF amide PhePhe MetMet ArgArg PhePhe NHNH 22

FFRF amideFFRF amide PhePhe PhePhe ArgArg PhePhe NHNH 22

0,25

900

12

1,8

0,25

Ki nM

NPFFNPFF PhePhe LeuLeu PhePhe GlnGln ProPro GlnGln ArgArg PhePhe NHNH 22

PhePhe LeuLeu PhePhe GlnGln ProPro GlnGln ArgArg PhePhe OHOH

PQRF amidePQRF amide ProPro GlnGln ArgArg PhePhe NHNH 22

FMRF amideFMRF amide PhePhe MetMet ArgArg PhePhe NHNH 22

FFRF amideFFRF amide PhePhe PhePhe ArgArg PhePhe NHNH 22

NPFFNPFF PhePhe LeuLeu PhePhe GlnGln ProPro GlnGln ArgArg PhePhe NHNH 22

PhePhe LeuLeu PhePhe GlnGln ProPro GlnGln ArgArg PhePhe OHOH

PQRF amidePQRF amide ProPro GlnGln ArgArg PhePhe NHNH 22

FMRF amideFMRF amide PhePhe MetMet ArgArg PhePhe NHNH 22

FFRF amideFFRF amide PhePhe PhePhe ArgArg PhePhe NHNH 22

0,25

900

12

1,8

0,25

0,25

900

12

1,8

0,25



Peptide endogène

Composé dipeptique tête de série

Optimisation structurale

RECHERCHE DRECHERCHE D’’UN COMPOSUN COMPOSÉÉ TÊTE DE STÊTE DE SÉÉRIERIE

RF2

Fragment dipeptidique minimal

Alanine scan

Délétion C et N terminale

Arg-Phe
NPFF

NH

NH2 NH

N
H

O

O
NH2

O

Ph



NPFF ProjectNPFF Project

N
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O

N

N
H

NH2

NH

NH2

O

RF9
NPFF antagonist

SIMONIN, F.; SCHMITT M, BOURGUIGNON, J.J.,  P.N.A.S.,2006, 103(2), 466-471.

Some semi-rigid derivatives

NPFF: PheNPFF: Phe--LeuLeu--PhePhe--GlnGln--ProPro--GlnGln--ArgArg--PheNHPheNH22 IC50= 0.1nM
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NaCl s.c./morphine: 
7,5 mg/kg s.c.
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PropriPropriééttéés pharmacologiques de RF2s pharmacologiques de RF2

RF-2

RF2 antagoniste rRF2 antagoniste réécepteur NPFF ??cepteur NPFF ??

Test fonctionnel : [35S]GTPγS

RF2 = antagonisteRF2 = antagoniste

. Potentialise les effets  analgésiques
de la morphine

RF2

. Ki ~ 7nM sur NPFF natif

. Ki ~ 500nM sur NPFF2 (humain)

. Pas d ’effet analgésique intrinsèque



Two different neuropeptide FF receptor subtypes Two different neuropeptide FF receptor subtypes 
and two different peptide ligandsand two different peptide ligands

NPFF-1 R  <->  NPSF and NPVF

NPFF-2 R <-> NPFF and NPAF

hNPAF AGEGLSSPFWSLAAPQRF-NH2
hNPFF SQAFLFQPQRF-NH2

- Nabil et al., 2000 JBC 275, 25965-71: NPFF2 receptor
- Hinuma et al., 2000 Nature Cell Biol 2, 703-708: NPFF1 
receptor
- Bonini et al., 2000 JBC 275, 39324-31: NPFF1 and NPFF2 
receptors

Cloning of NPFF receptors

- Hinuma et al., 2000 Nature Cell Biol 2, 703-708
- Liu et al.,  2001 JBC 276, 36961-69

hNPSF SLNFEELKD W GPKNVIKMSTPAVNKMPHSFANLPLRF-NH2
hNPVF VPNLPQRF-NH2

Cloning of a gene encoding two novel neuropeptides



NPFF2 receptor is most likely involved in the control of NPFF2 receptor is most likely involved in the control of 
nociceptionnociception.

From Bonini et al., 2000

NPFF1 and NPFF2 receptor mRNAs in rats



RF9 prevents blood pressure effects elicited by RF9 prevents blood pressure effects elicited by 
NPFF NPFF in vivo.in vivo.



compound Binding
Ki, nM

AMPc
EC50, nM

IC50 antagoniste, nM

RF2 756 ± 91 (4) > 10 000
RF9 58 ± 5 (4) > 10 000 4773 ± 1231 (3)
RF38 1233 ± 118 (3) > 10 000
RF48 169 ± 11 (4)* > 10 000
RF49 153 ± 6 (4) > 10 000
RF97 696 ± 42 (4) > 10 000
FFRF 14 ± 2 (5)
bNPFF 9.8 ± 0.8 (3)
NPVF
(VPNLPQRFa)

1 ± 0.2 (3)
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Binding affinities for hNPFF1 receptor of peptides selected from the screening 
and effect on intracellular cAMP production induced by forskolin).



RF9 completely blocks heroinRF9 completely blocks heroin--induced induced hyperalgesiahyperalgesia and and 
associated tolerance.associated tolerance.
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NP FF 24 ± 4 .2 202 ± 8.5

RF 2 > 1 0 0 00 133 ± 7

RF 9 > 1 00 000 -

RF 38 > 1 000 125 ± 13

RF  4 8 > 1 000 145 ± 10.5

RF  4 9 694 ± 103 122 ± 6

RF 97 > 1 00 000 -

FFRF 567 ± 181 175 ± 5

RF9 (7.5 µM) and RF97 (27 µM) shifted 
the concentration effect curve of NPFF 
to the right by about 160-fold  and 5 fold 
respectively
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Stimulation of [35S]GTPγS binding by NPFF and 
peptides selected from the screening



Premier  modPremier  modèèle  de  pharmacophore le  de  pharmacophore 
pour  les  ligands du  rpour  les  ligands du  réécepteur  du  NPFFcepteur  du  NPFF
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liaison hydrogène 

interaction hydrophobe probable

interaction électrostatique

interaction hydrophobe probable

liaison hydrogène



RF2 : Composé dipeptidique tête de série

Pharmacophore

Optimisation en
série peptidique

Du Peptide au Du Peptide au PeptidomimPeptidomiméétiquetique

Suppression du caractère peptidique
Génération d ’α-aminoacides non-naturels

Peptidomimétiques

Applications thérapeutiques

• Mauvaise biodisponibilité
• Faible stabilité métabolique

Remplacement 
des liaisons 

amides

Restriction 
conformationnelle



RESEARCH HYPOTHESISRESEARCH HYPOTHESIS

Analogy between C-terminal parts of NPFF and NPY :

⇒ Presence of an arginine residue both in NPY and NPFF
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⇒ Presence of aromatic amino-acids (Phe et Tyr)

BIBP 3226 RF-2
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Analogy between 2 ligands NPFF/NPY :

IC50 = 17 nM (Y1)
Ki = 25 nM (hNPFF-1)
Ki = 1 585 nM (hNPFF-2)

inactive on Y1
Ki = 756 nM (hNPFF-1)
Ki = 526 nM (hNPFF-2)



GENERAL POINTS CONCERNING UGI REACTION

Use of four components : aldehyde, amine, carboxylic acid, 

R 1 N
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R 1 COOH

R 2 NH2

R 3 CHO

R 4 N
+

C

isocyanide.

Formation of racemic peptides.

Easy introduction of molecular diversity.

Rapid access to peptides.

Satisfactory global yields.



CONCLUSIONSCONCLUSIONS

- RF9 is a potent and selective antagonist for NPFF receptors 
both in vitro and in vivo.

- RF9 can prevents opioid-induced hyperalgesia and
associated tolerance.

NPFF system is a bona fide anti-opioid 
system.

NPFF antagonists could represent 
useful therapeutic agents for 
improving the efficacy of opioids in 
chronic pain treatments.


	IN VITRO ACTION OF PDE 4 INHIBITORS
	CYCLIC NUCLEOTIDE PHOSPHODIESTERASE�(PDE1 TO PDE5) ISOFORMS
	DESIGN OF PDE4 INHIBITORS
	DESIGN OF PDE4 INHIBITORS
	Substituted 6-aryl pyridazones as PDE4 inhibitors
	Molecular Fragments Used
	 
	DESIGN OF PDE4 INHIBITORS
	BWA78U, a pharmacologically active adenine derivative
	BWA78U STRUCTURAL OPTIMISATION WITHIN �THE ADENINE SERIES
	ISOSTERES OF ADENINE
	FURTHER TOPOLOGICAL EXPLORATION WITHIN THE PYRAZOLOTRIAZINE SERIES
	PDE4 – INHIBITORS STARTING FROM XANTHINES
	DESIGN OF PDE4 INHIBITORS
	DEVELOPMENT OF ANTI-INFLAMMATORY COMPOUNDS
	CHIMIOPROTEOMIC APPROACH
	CRITICAL ROLE OF ARGININE IN BINDING OF NPY TO ITS RECEPTOR
	BINDING OF ENDOGENOUS PEPTIDES.�CRITICAL ROLE PLAYED BY PHENYLALANINE
	Analogues semi-rigides d’- Amino acides �

