
ACETYLCHOLINE

FARM 2146 - 2003-2004



ACETYLCHOLINE

STRUCTURE

VOIES CHOLINERGIQUES
INTERET PHYSIOPATHOLOGIQUE ET PHARMACOLOGIQUE
SYNAPSE CHOLINERGIQUE 
SYNTHESE
CAPTURE
DEGRADATION
INTERACTION LIGAND/RECEPTEUR CHOLINERGIQUE
INTERACTION ENTRE RECEPTEURS

FARM 2146 - 2003-2004



ACETYLCHOLINE - STRUCTURE

1907: identification de l’acétylcholine (Hunt)
1914: reconnaissance de l’effet vasodilatateur de l’acétylcholine (Dale)
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NOYAUX CHOLINERGIQUES - LOCALISATION
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ACETYLCHOLINE - PHYSIOPATHOLOGIE

Maladie de Parkinson

Signes cliniques (bradykinésie, rigidité des mouvements)
Anticholinergiques

Maladie d’Alzheimer

Signes cliniques (pertes des fonctions cognitives)
Cholinergiques
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ALZHEIMER - PHYSIOPATHOLOGIE

• Atrophie du cortex cérébral
• Diminution du nombre de noyaux corticaux et 

sous corticaux

• Plaques séniles (peptide β-amyloid)
• Enchevêtrement neuro-fibrillaire (proteine Tau)
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ALZHEIMER - HYPOTHESE CHOLINERGIQUE

Chez les patients décédés de la Maladie d’Alzheimer:

• Baisse de l’activité de la choline acetyltransferase dans le 
cortex et l’hippocampe

• Surexpression du transporteur à haute affinité de la choline 
dans le cortex

• Altération des performances cognitives par des agents 
antimuscariniques
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ALZHEIMER - NEUROCHIMIE

Perte neuronale ~ diminution en neurotransmetteurs

Déficit majeur en acétylcholine

Déficit en sérotonine, glutamate et neuropeptides
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ALZHEIMER - THERAPEUTICAL STRATEGIES

INHIBITEURS D’ACETYLCHOLINE ESTERASES

PRECURSEURS D’ACETYLCHOLINE
Acétylcholine

INHIBITORS OF β/γ SECRETASES

INHIBITORS OF TAU PHOSPHORYLATION

INHIBITOR OF TILTED PEPTIDE

FARM 2146 - 2003-2004



ACETYLCHOLINE

STRUCTURE
VOIES CHOLINERGIQUES
INTERET PHYSIOPATHOLOGIQUE ET PHARMACOLOGIQUE

SYNAPSE CHOLINERGIQUE

SYNTHESE
CAPTURE
DEGRADATION
INTERACTION LIGAND/RECEPTEUR CHOLINERGIQUE
INTERACTION ENTRE RECEPTEURS

FARM 2146 - 2003-2004



SYNAPSE CHOLINERGIQUE

Principles of neuropsychopharmacology; 
Feldman, Meyer, Quenzer Ed; Sinauer associates, Inc 1997; pp 236 FARM 2146 - 2003-2004
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ACETYLCHOLINE - DEGRADATION

• 1 molécule d’enzyme peut inactiver 5000 molécules d’acétylcholine par sec
• Temps d’inactivation: 100 msec pour une molécule d’acétylcholine
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ACETYLCHOLINE ESTERASE

An acyl pocket: 
- Defines the active center involved in the catalysis of acétylcholine
- Is centered around an active serine residue Ser 203

An active center choline substrate:
- Involved in the attraction and binding of the quaternary

ammonium of the choline moiety of acétylcholine
A peripheral anionic site:
- Uninvolved in the acetylcholine hydrolysis 
- Is the binding site of acetlcholinesterase inhibitors FARM 2146 - 2003-2004



ACETYLCHOLINE ESTERASE

Phe 295 and Phe 297 are replaced by Val and Leu in butyrylcholinesterase

Yu et al 2001, J.Med.Chem. 44:4062-407 FARM 2146 - 2003-2004



INHIBITEURS DE L’ACETYLCHOLINE 
ESTERASES
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CLINICAL TRIALS OF CHOLINE 
ESTERASE INHIBITORS

Tsolaki 2001. J. Int. Med. Res. 29:28- 36
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INHIBITEURS DE L’ACETYLCHOLINE 
ESTERASES

• Tacrine (Cognex R)
(1996 - Warner Lambert)

• Donezepil (Aricept R)
(1997 – Eisai/Pfizer)

• Rivastigmine (Exelon  R)
(1998 – Novartis)

• Galantamine (Reminyl R)
(2000 – Shire/Janssens)
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INHIBITEURS DE L’ACETYLCHOLINE 
ESTERASES EN DEVELOPPEMENT

• Phenserine    Phase II  (Axonyx)
– ↑ de la concentration en acétylcholine
– ↓ de la quantité d’APP et in fine de la quantité

de peptide β-amyloide

• Cymserine MF 8622  Preclinical   (Axonyx)
– Inhibe l’action de la butyrylcholinestérase
– ↓ la synthèse de l’APP 
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NOUVEL INHIBITEURS OF ACETYLCHOLINE 
ESTERASES
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ACETYLCHOLINEESTERASE - PHENSERINE 
COMPLEX

•The carbamylated 
enzyme only slowly 
hydrolyzes

• Phenserine is 
further stabilized by 
both hydrophobic 
and π electron 
interaction due to π-π
stacking of the 
phenyl group of 
phenylcarbamate 
between the flanking 
phenyl moieties of 
Phe 295 and Phe 297

Yu et al 2001, J.Med.Chem. 44:4062-407 FARM 2146 - 2003-2004



EFFECT OF PHENSERINE ON BRAIN 
EXTRACELLULAR FLUID LEVELS OF 

Ach IN STRIATUM

Greig et al, 2000. Acta Neurologica Scandinavica. 176: 74-84
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PHENSERINE DERIVATIVES
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Yu et al 2001, 
J.Med.Chem. 4
4:4062-4072



EFFECT OF PHENSERINE ON 
THE Km AND Vmax ERYTHROCYTE AChE

Al-Jafari, 1998. BBRC. 248: 80-185 FARM 2146 - 2003-2004



EFFECT OF TOLSERINE ON 
THE Km AND Vmax OF AChE

Kamal et al, 2000. Biochem.Pharmacol. 60: 561-570
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EFFECT OF PHENSERINE DERIVATIVES
ON AchE AND BChE

Yu et al 2001, J.Med.Chem. 44:4062-407
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ACETYLCHOLINE - MUSCARINIC 
AND NICOTINIC RECEPTORS

From Felder et al (2000) J. Med. Chem. 43:4333-4353
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ACETYLCHOLINE - MUSCARINIC 
AND NICOTINIC RECEPTORS
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ACETYLCHOLINE - NICOTINIC RECEPTOR

Principles of neuropsychopharmacology; Feldman, Meyer, Quenzer Ed; Sinauer associates, Inc 1997; pp 253
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ACETYLCHOLINE - NICOTINIC RECEPTOR
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ACETYLCHOLINE - NICOTINIC RECEPTOR
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ACETYLCHOLINE - NICOTINIC RECEPTOR
ANTAGONISTS
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ACETYLCHOLINE - MUSCARINIC RECEPTOR
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ACETYLCHOLINE - MUSCARINIC RECEPTOR

From Felder et al (2000) J. Med. Chem. 43:4333-4353
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ACETYLCHOLINE - MUSCARINIC RECEPTOR
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ACETYLCHOLINE - MUSCARINIC RECEPTOR

FARM 2146 - 2003-2004



ACETYLCHOLINE RECEPTORS -
AGONISTS AND ANTAGONISTS
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ACETYLCHOLINE - ACTIVATION OF M2 
RECEPTOR AND TRANSDUCTION OF SIGNAL

From Haddad and Rousell, TiPS (1998) 19: 322-327
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INTERACTIONS BETWEEN DOPAMINERGIC 
RECEPTORS AND METABOTROPIC RECEPTORS, 
ION CHANNELS AND 
ACCESSORY 
PROTEINS 

Bergson et al, (2003) TIPS, 24: 486-492

Following activation of 
muscarinic acetylcholine 
receptors or mGlu1 receptors, 
stimulation of D1-like receptors 
by an agonist evokes the 
release of intracellular Ca2+.
Involvment of dopamine 
receptor-interacting proteins 
(DRIPs) like calcyon

PSD: accessory proteins located on or near 
the postsynaptic density of neocortical 
dendritic spines
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