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Menù (turistico) del trimestre di CFTIIMenù (turistico) del trimestre di CFTII  

••Parte prima: Parte prima: generalegenerale    

LeLe  basibasi  chimicochimico--fisichefisiche  dell’interazionedell’interazione  farmacofarmaco--bersagliobersaglio  

molecolaremolecolare;;  

SistemiSistemi  didi  comunicazionecomunicazione  cellularecellulare  

••Parte seconda: sistematicaParte seconda: sistematica  

FarmaciFarmaci  terapeuticamenteterapeuticamente  rilevantirilevanti  inin  patologiepatologie  deldel  SNC,SNC,  
dell’apparatodell’apparato  cardiovascolare,cardiovascolare,  deldel  sistemasistema  immunitarioimmunitario  ee  deldel  
sistemasistema  riproduttivoriproduttivo  

  
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Before starting: Before starting: propedeuticpropedeutic…… 
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Before starting: Before starting: propedeuticpropedeutic…… 
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      S.MORO – CFTII Adrenergic. Part 1 

credits: https://slideplayer.com/slide/7815788/ 

Before starting: Before starting: propedeuticpropedeutic…… 
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AA  generalgeneral  overviewoverview  ofof  whatwhat  wewe  cancan  dodo  interferinginterfering  withwith  
anyany  communicationcommunication  mechanismmechanism:: 
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1. Nerve Transmission1. Nerve Transmission 

Contraction of Contraction of Skeletal muscle or "voluntary muscle"Skeletal muscle or "voluntary muscle"  
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1. Nerve Transmission1. Nerve Transmission 

The vagus nerve and the heartThe vagus nerve and the heart  

Atrioventricular node (abbreviated AV node)  

Sinoatrial node (abbreviated SA node)  

Bradycardia with a heart rate less than 60 bpm. 

Tachycardia with a heart rate over 120 bpm  
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DoDo  youyou  rememberremember  

GGaass  

AC 
  GGaaii  

- + 

AgoAgo  AgoAgo  

b1-receptor M2-receptor 

Vagus neurons 

(acetylcholine) 

Adrenergic neurons 

(adrenaline) 

Ca2+ cAMP 
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      S.MORO – CFTII Adrenergic. Part 1 

credits: https://slideplayer.com/slide/7815788/ 

It’s time to start:It’s time to start: 
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LectureLecture  numbernumber  00……  thethe  mostmost  importantimportant  forfor  

usus::  

NON CONFONDEREMO MAI LA NON CONFONDEREMO MAI LA 

CALCOLATRICECALCOLATRICE    CON LE  CON LE  CIFRECIFRE    

CHE ESSA PRODUCE!!!CHE ESSA PRODUCE!!!  
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NowNow  inin    3030  secondsseconds……  
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1. Nerve Transmission1. Nerve Transmission 

Cholinergic SynapsesCholinergic Synapses 

100-500 Å 

0.2 ÷ 20 mM 
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1. Nerve Transmission1. Nerve Transmission 

Cholinergic Synapses: Choline TransportersCholinergic Synapses: Choline Transporters 

Sodium- and chloride-dependent transporter proteins with a high affinity for choline 
(CHT1) and intermediate-affinity (CTL1 and CTL2). The uptake of choline by this 
transporter is the rate-limiting step for the synthesis of ACh.  
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1. Nerve Transmission1. Nerve Transmission 

Cholinergic Synapses: Choline TransporterCholinergic Synapses: Choline Transporter 

Hemicholinium-3  is a highly specific inhibitor of choline uptake by the CHT (Ki = 
0.05–0.10  M). Choline is present in plasma at a concentration of about 10 mM. 
Moreover, more than 50% of choline hydrolyzed by Ach is re-uptaken by a high-
affinity choline transporter , CHT1. 

Hemicholinium-3 
(hemicholine) 

≈ 50 ° 
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1. Nerve Transmission1. Nerve Transmission 

Cholinergic Synapses: Acetylcholine biosynthesisCholinergic Synapses: Acetylcholine biosynthesis 

OH
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3
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3

+

x-

O
N

CH
3

CH
3

CH
3

CH
3

O
+

X-

A. Choline is a water soluble quaternary amine that is widely distributed in foods. It is a dietary 
component essentialessential for normal function of all cells. Choline ensures the structural integrity and 
signaling functions of cell membranes; it is the major source of methyl groups in the diet; and it is 
required for lipid transport and metabolism. Most choline in the body is found in phospholipids such 
as phosphatidylcholine and sphingomyelin. Phosphatidylcholine (lecithin) is the predominant 
phospholipid (>50%) in most mammalian membranes.  

2-hydroxy-N,N,N-trimethylethanaminium  2-Acetoxy-N,N,N-trimethylethanaminium  

Choline O-acetyltransferase 
(ChAT)  

Acetyl-CoA  

B. Choline acetyltransferase (ChAT, E.C. 2.3.1.6) catalyzes the transfer of an acetyl group from   
acetyl-CoA to choline to form the neurotransmitter acetylcholine. Communication between cholinergic 
neurons and their target cells and tissues is dependent on functional ChAT, with the loss of ChAT 
expression and activity found in several neurological and psychiatric disorders, such as Alzheimer's 
disease, schizophrenia , and neuromuscular diseases.  
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ThisThis  isis  thethe  mostmost  importantimportant  thingthing  toto  

rememberremember::  

OH
N

CH
3

CH
3

CH
3

+

x-

O
N

CH
3
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3
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3

CH
3

O
+

X-

2-hydroxy-N,N,N-trimethylethanaminium  2-Acetoxy-N,N,N-trimethylethanaminium  

Find the differences…Find the differences… 



      S.MORO – CFTII Cholinergic, Part 1 M 
M S Confidential and Property of ©2012 Molecular Modeling Section  

Dept. Pharmaceutical and Pharmacological Sciences – University of Padova - Italy 

WhereWhere  cancan  wewe  findfind  Choline?Choline?  
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1. Nerve Transmission1. Nerve Transmission 

Cholinergic Synapses: 2_ Synaptic VesicleCholinergic Synapses: 2_ Synaptic Vesicle 

Synaptic vesicles are relatively simple because only 
a limited number of proteins fit into a sphere of 40 
nm diameter. Purified vesicles have a 
protein:phospholipid ratio of 1:3 with a lipid 
composition of 40% phosphatidylcholine, 32% 
phosphatidylethanolamine, 12% 
phosphatidylserine, 5% phosphatidylinositol, and 
10% cholesterol. 
 
Synaptic vesicles contain two classes of obligatory 
components: transport proteins involved in 
neurotransmitter uptake, and trafficking proteins 
that participate in synaptic vesicle exocytosis, 
endocytosis, and recycling. 

≈ 300000 vesicles per synapses 

1000 ÷ 50000 Ach molecules per vesicle 

5000 ÷ 100000 synapses per neuron 



      S.MORO – CFTII Cholinergic, Part 1 M 
M S Confidential and Property of ©2012 Molecular Modeling Section  

Dept. Pharmaceutical and Pharmacological Sciences – University of Padova - Italy 

1. Nerve Transmission1. Nerve Transmission 

Cholinergic Synapses: Synaptic VesicleCholinergic Synapses: Synaptic Vesicle 

 The Vesicular acetylcholine transporter 
(VAChT) is a neurotransmitter transporter 
which is responsible for loading acetylcholine 
into synaptic vesicles in neurons making 
acetylcholine available for secretion. 
Transport proteins are composed of proton 
pumps that generate electrochemical 
gradients, which allow for neurotransmitter 
uptake, and neurotransmitter transporters 
that regulate the actual uptake of 
neurotransmitters. The necessary proton 
gradient is created by V-ATPase, which breaks 
down ATP for energy. 
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1. Nerve Transmission1. Nerve Transmission 

Cholinergic Synapses: 2_ Synaptic VesicleCholinergic Synapses: 2_ Synaptic Vesicle 

SNAP-25 = synaptosomal-associated protein of 25 kd.  
SNARE = soluble NSF-attachment protein receptor 
NSF= N-ethylmaleimide-sensitive fusion protein.   
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1. Nerve Transmission1. Nerve Transmission 

Cholinergic Synapses: 2_ Synaptic VesicleCholinergic Synapses: 2_ Synaptic Vesicle 
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credits: https://egpat.com/tutorials/cholinergic-agonists/introduction 

2.  Cholinergic receptors 2.  Cholinergic receptors  

Receptor typesReceptor types::  
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credits: https://egpat.com/tutorials/cholinergic-agonists/introduction 

Receptor typesReceptor types::  

2.  Cholinergic receptors (classification) 2.  Cholinergic receptors (classification)  

(blood pressure) 
(blood pressure) 
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credits: https://egpat.com/tutorials/cholinergic-agonists/introduction 

2.  Cholinergic Nicotinic receptors 2.  Cholinergic Nicotinic receptors  

Receptor typesReceptor types::  
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2.  Cholinergic nicotinic receptors (classification) 2.  Cholinergic nicotinic receptors (classification)  
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NicotinicNicotinic  receptorreceptor……  aa  beautifulbeautiful  machinery!machinery!    
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Acetylcholine binding to nicotinic acetylcholine receptor; the 
cation–π interaction distances (Å) which stabilize the 
acetylcholine head group are highlighted.  

DoDo  youyou  rememberremember  cationcation--pp  interactions?interactions?  
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2.  Cholinergic muscarinic receptors (classification) 2.  Cholinergic muscarinic receptors (classification)  

credits: https://egpat.com/tutorials/cholinergic-agonists/introduction 

Receptor typesReceptor types::  
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credits: https://egpat.com/tutorials/cholinergic-agonists/introduction 

2.  Cholinergic receptors 2.  Cholinergic receptors  

Receptor typesReceptor types::  
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credits: https://egpat.com/tutorials/cholinergic-agonists/introduction 

2.  Cholinergic receptors 2.  Cholinergic receptors  

Receptor typesReceptor types::  
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Nicotinic Rec Muscarinic Rec 

Credits: Gianluca Novello – MMS (2025) 
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2.  Cholinergic receptors 2.  Cholinergic receptors  

Cholinergic Synapses: signalling integrationCholinergic Synapses: signalling integration 
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NicotineNicotine  (or(or  Ach)Ach)……  inin  thethe  SNCSNC  

Nicotine has an estimated oral LD50 of  6.5 - 13 mg/kg in humans, which is much lower than many other 
common stimulants. It is unlikely that overdose can be achieved by smoking tobacco, however, 
coadministration with other sources of  nicotine such as patches or gum may potentially be dangerous.  

Acetylcholine 

(enhances concentration) 

Noradrenaline 

(enhanced alertness and arousal) 

Dopamine 

(enhanced gratification) 

Beta-endorphin 

(reduce anxiety and modulate 
the pain perception ) 

S(S(--))--NicotineNicotine  

+ 

+ 

+ 

+ 
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2.  Cholinergic muscarinic receptors (classification) 2.  Cholinergic muscarinic receptors (classification)  

The hippocampus is a region of  the brain largely responsible for 
memory formation. Credit: Salk Institute 

Meet the hippocampus: A seahorse-shaped structure in the cerebral cortex's medial 
temporal lobe, it's part of  the limbic system, generally believed to be involved in spatial 
navigation and establishing long-term memories. However, it's been unclear which 
specific memory functions the hippocampus manages - recall, which is the ability to 
retrieve memory; or recognition, which is the ability to identify a stimulus as new.  



      S.MORO – CFTII Cholinergic, Part 1 M 
M S Confidential and Property of ©2012 Molecular Modeling Section  

Dept. Pharmaceutical and Pharmacological Sciences – University of Padova - Italy 

2. Nerve Transmission2. Nerve Transmission 

Memory processes: 
 

1. Memory encoding: is the crucial first step to creating a new memory. It allows the perceived item of 
interest to be converted into a construct that can be stored within the brain, and then recalled later 
from short-term or long-term memory.  
 

2. Memory consolidation: is the processes of stabilizing a memory trace after the initial acquisition. 
 

3. Memory storage: is the more or less passive process of retaining information in the brain, 
whether in the sensory memory, the short-term memory or the more permanent long-term memory.  
 

4. Memory recall/retrieval: recall or retrieval of memory refers to the subsequent re-accessing of 
events or information from the past, which have been previously encoded and stored in the brain. In 
common parlance, it is known as remembering.  

Remembering it looks a lot more to revise a 
theatrical representation that a movie!  
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2.  Neurotransmitter 2.  Neurotransmitter  

Acetylcholine (Ach)Acetylcholine (Ach) 

CholineCholine AcetylAcetyl 

H 3 C O 
C N M e  3 

O 
+ 

2-Acetoxy-N,N,N-trimethylethanaminium  
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TheThe  shadowshadow  ofof   realityreality::  
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2.  Cholinergic receptors 2.  Cholinergic receptors  

Activates cholinergic Activates cholinergic   
receptors at nerve synapsesreceptors at nerve synapses  

and on skeletal muscleand on skeletal muscle  

Activates cholinergic Activates cholinergic   
receptors on smoothreceptors on smooth  

muscle and cardiac musclemuscle and cardiac muscle  

SS--((--)Nicotine)Nicotine  
((2S,4R,5S2S,4R,5S))--(+)(+)--MuscarineMuscarine  

3-[(2S)-1-methylpyrrolidin-2-yl]pyridine  1-[(2S,4R,5S)-4-Hydroxy-5-methyloxolan-

2-yl]-N,N,N-trimethylmethanaminium  
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BBB 

CH
3 N

O

OCH
3

CH
3

+

ACh 

Muscarine does not directly cause CNS symptoms because it does not 

cross the blood-brain barrier due to its chemical nature as an ionized 

quaternary amine. On the contrary, nicotine acts on the nicotinic 

acetylcholine receptors, specifically the ganglion type nicotinic receptor 

and one CNS nicotinic receptor. Why? 

Remember?Remember?  
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VeryVery  interestinginteresting::  dodo  youyou  seesee  similaritiessimilarities  inin  

Flatland?Flatland?  

S(S(--))--NicotineNicotine  

Acetylcholine is natural messenger for both receptor typesAcetylcholine is natural messenger for both receptor types  

Acetylcholine (Ach)Acetylcholine (Ach) 

(2S,4R,5S)-(+)-Muscarine 
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CH
3 N

O

OCH
3

CH
3

+

ACh 

- H+ 

+ H+ 
93% 

pH = 7.4 

Nicotine 

(pKa 8.5) 

07% 

- H+ 

+ H+ 

Membrane 

logP=1.17 

H 
+ 

H 
+ 

Remember?Remember?  
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Pathways across the blood–brain barrier 

Lipophilicity: 1.17 

Molecular weight: 162.24  

Polar surface area (PSA): 16 Å2  

Hydrogen bonding (O + N): 2 

Charge: pKa = 8  

TheThe  firstfirst  crucialcrucial  pharmaceuticalpharmaceutical  difference!difference!  
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+

TheThe  shadowshadow  ofof   realityreality::  
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AndAnd  pleaseplease  notnot  forgetforget  thisthis  magicmagic  behaviorbehavior::  

x 

y 

z 

O

N CH
3

CH
3

CH
3

CH
3

O
+

1 

2 

3 
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O

C

H

H

OMe

H

H

Me

N

Me

Me

•• Several freely rotatable single bondsSeveral freely rotatable single bonds  

•• Large number of possible conformationsLarge number of possible conformations  

•• Bioactive conformation Bioactive conformation does not necessarily equal the does not necessarily equal the 
most energetically stable conformation!!most energetically stable conformation!! 

8. Active conformation of acetylcholine 8. Active conformation of acetylcholine  

t0 t1 t2 
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Let'sLet's  trytry  thisthis  exerciseexercise  together!together!  

C t2 

k
c

a
l/

m
o

l 

t2 

k
c

a
l/

m
o

l 

t2 

anti guache 

WHY? 

C(CH3)3 

CH3COO 

C(CH3)3 

OCOCH3 
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BRAVI!!!!BRAVI!!!!  
k

c
a

l/
m

o
l 

t2 

guache 

Steric hindrance: means 
coulombic electrons-
electrons repulsion!!! 

C(CH3)3 

CH3COO 
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……  andand  now,now,  ourour  littlelittle  Ach!!!Ach!!!  

t2 

anti guache 

N+(CH3)3 

CH3COO 

N+(CH3)3 

OCOCH3 

k
c

a
l/

m
o

l 

t2 

k
c

a
l/

m
o

l 

t2 
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……  andand  now,now,  ourour  littlelittle  Ach!!!Ach!!!  
k

c
a

l/
m

o
l 

Same steric hindrances! 

k
c

a
l/

m
o

l 

t2 
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……  andand  now,now,  ourour  littlelittle  Ach!!!Ach!!!  
k

c
a

l/
m

o
l 

q- 

q+ 

q- 

Coulomb!!! 

k
c

a
l/

m
o

l 

t2 
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AnyAny  correlationcorrelation  betweenbetween  gauche/antigauche/anti  andand  

nicotinicnicotinic//muscarinicmuscarinic    binomio?binomio?  
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Rigid Analogues of acetylcholineRigid Analogues of acetylcholine 

8. Active conformation of acetylcholine 8. Active conformation of acetylcholine  

O

C

H

H

OMe

H

H

Me

N

Me

Me

N(CH
3
)
3

CH
3
COO

+
CH

3
COO

N(CH
3
)
3

+

cis trans 

trans is 100 fold more active than cis, and selective again muscarinic receptors  
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OnlyOnly  forfor  fansfans  ofof   organicorganic  pharmaceuticalpharmaceutical  

chemistry!!!chemistry!!!  

credits: https://pubs.acs.org/doi/pdf/10.1021/jm00300a003# 

CH
3
COO

N(CH
3
)
3

+

trans 

N(CH
3
)
3

CH
3
COO

+

cis 
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Rigid Analogues of acetylcholineRigid Analogues of acetylcholine 

8. Active conformation of acetylcholine 8. Active conformation of acetylcholine  

trans anti 

≈144 ° 

≈170 ° 
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NowNow  itit  isis  moremore  cleaclear?r?  

Acetylcholine (Ach)Acetylcholine (Ach) 
((2S,4R,5S2S,4R,5S))--(+)(+)--MuscarineMuscarine  
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AndAnd  forfor  thethe  littlelittle  Nicotine?Nicotine?  SameSame  approachapproach……  

Acetylcholine (Ach)Acetylcholine (Ach) 
SS--((--)Nicotine)Nicotine  
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DoDo  youyou  remember?remember?  DoDo  youyou  remember?remember?  

N

N

H

NH
3
+

Conformational 

equilibrium 

C 

D 

A 

C 

D 

A 
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NowNow  itit  isis  moremore  cleaclearr……  twotwo  differentdifferent  

interactioninteraction  schemesschemes……  twotwo  differentdifferent  

pharmacophorepharmacophore  hypothesishypothesis!!    

Muscarinic Nicotinic 
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……andand  nownow  backback  toto  ourour  simplesimple  22DD  chemistrychemistry::  

O

C

O

Me3N

H3C





BRAVI… the gauche conformation is stabilized 
by a charge-dipole interamolecular interaction 
through the formation of  a 6 membered ring!!! 

guache 

N+(CH3)3 

CH3COO 
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AndAnd  nownow  itit  isis  alsoalso  veryvery  clearclear  whywhy  AchAch  it'sit's  soso  

chemicallychemically  fragilefragile……  andand  itit  isis  notnot  aa  drug!drug!  

O

C

O

Me3N

H3C





•• Neighbouring group participationNeighbouring group participation  

•• Increases electrophilicity of  carbonyl groupIncreases electrophilicity of  carbonyl group  

•• Increases sensitivity to nucleophilesIncreases sensitivity to nucleophiles 
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9. Instability of acetylcholine 9. Instability of acetylcholine  

O

C

O

Me3N

H3C





Do you see the analogy… Ach in its gauche 
conformation is permanently under acid catalysis! 
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……  dodo  youyou  rememberremember  HOMOHOMO--LUMOLUMO  inin  

reagentsreagents  interactioninteraction??  

Nucleophile  HOMO 

Electrophile  LUMO 
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……  dodo  youyou  rememberremember  HOMOHOMO--LUMOLUMO  inin  

reagentsreagents  interactioninteraction??  

HOMO 

LUMO 

0 (eV) 

LUMO 

HOMO-LUMO energy gap difference affects the evolution of  
a chemical reaction: the smaller this difference, the more 
facilitated the reaction will be. 
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LUMO 

LUMO 

HOMO 

HOMO 
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9. Instability of acetylcholine 9. Instability of acetylcholine  

O

C

O

Me3N

H3C





Do you see the analogy… Ach in its gauche 
conformation is permanently under acid catalysis! 



      S.MORO – CFTII Cholinergic, Part 1 M 
M S Confidential and Property of ©2012 Molecular Modeling Section  

Dept. Pharmaceutical and Pharmacological Sciences – University of Padova - Italy 

33DD……  wherewhere  itit  isis  possiblepossible  toto  measuremeasure  

geometricalgeometrical  propertiesproperties::  

Volume:  163 Å3 
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33DD……  wherewhere  itit  isis  possiblepossible  toto  measuremeasure  

geometricalgeometrical  propertiesproperties::  II  amam  anan  agonist!!!agonist!!!  

Volume:  163 Å3 
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5. Cholinergic agonists 5. Cholinergic agonists  

5.2  Nicotine and muscarine as cholinergic agonists5.2  Nicotine and muscarine as cholinergic agonists 

Vol:  180 Å3 Vol:  192 Å3 

H 
+ 
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AsAs  agonistsagonists,,  wewe  shareshare  thethe  similarsimilar  topologicaltopological  

properties!properties!  

S(S(--))--NicotineNicotine  

Acetylcholine (Ach)Acetylcholine (Ach) 

((2S,4R,5S2S,4R,5S))--(+)(+)--MuscarineMuscarine  

H 
+ 
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5. Cholinergic agonists 5. Cholinergic agonists  

5.1  Acetylcholine as an agonist but not a good drug!5.1  Acetylcholine as an agonist but not a good drug! 

AdvantagesAdvantages  
•• Easily synthesisedEasily synthesised 

DisadvantagesDisadvantages  
•• Easily hydrolysed in stomach (acid catalysed hydrolysis)Easily hydrolysed in stomach (acid catalysed hydrolysis)  
•• Easily hydrolysed in blood (esterases)Easily hydrolysed in blood (esterases)  
•• No selectivity between receptor typesNo selectivity between receptor types  
•• No selectivity between different target organsNo selectivity between different target organs 

Ac2O
NMe3+     

O HO NMe3 NMe3AcO
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5. Cholinergic agonists 5. Cholinergic agonists  

5.2  Nicotine and muscarine as cholinergic agonists5.2  Nicotine and muscarine as cholinergic agonists 

AdvantagesAdvantages  
•• More stable than AchMore stable than Ach  
•• Selective for main cholinergic receptor typesSelective for main cholinergic receptor types  
•• Selective for different organsSelective for different organs 

DisadvantagesDisadvantages  
•• Activate receptors for other chemical messengersActivate receptors for other chemical messengers  
•• Side effects Side effects  
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5. Cholinergic agonists 5. Cholinergic agonists  

5.3 Requirements for cholinergic agonists5.3 Requirements for cholinergic agonists 

•• Stability to stomach acids and esterasesStability to stomach acids and esterases  

•• Selectivity for cholinergic receptorsSelectivity for cholinergic receptors  

•• Selectivity between muscarinic and nicotinic receptorsSelectivity between muscarinic and nicotinic receptors  

•• Knowledge of binding siteKnowledge of binding site  

•• SAR for acetylcholineSAR for acetylcholine  
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10. Design of cholinergic agonists 10. Design of cholinergic agonists  

Another bit of SAR: we can start from here...Another bit of SAR: we can start from here... 
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10. Design of cholinergic agonists 10. Design of cholinergic agonists  

Another bit of SAR:Another bit of SAR: 

CH
3N

CH
3

CH
3

OCH
3

O R2

R1

+ 

R2 = CH3 (b position):    ↑ muscarinic activity and ↓ nicotinic activity compare to Ach   

                                    SS  >> >> R (on M3 R (on M3 muscarinicmuscarinic  receptors)receptors)  

R1 = CH3 (a position):    ↓ muscarinic activity and  nicotinic activity compare to Ach  

                                             

aa  bb
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WelcomeWelcome  toto  methacholinemethacholine!!  

Me O

NMe3

O Me

*
- 

Cl 

MethacholineMethacholine 

Me O

NMe3

O

AchAch 
AdvantagesAdvantages  
•• More stable than AchMore stable than Ach  
•• ItIt  isis  highlyhighly  activeactive  atat  allall  ofof  thethe  muscarinicmuscarinic  receptors,receptors,  butbut  hashas  littlelittle  

effecteffect  onon  thethe  nicotinicnicotinic  receptorsreceptors..    

DisadvantagesDisadvantages  
•• AsAs  Ach,Ach,  itit  hashas  aa  chargedcharged  quaternaryquaternary  amineamine  structure,structure,  renderingrendering  itit  

insolubleinsoluble  toto  cellcell  membranesmembranes..  Clinically,Clinically,  thisthis  meansmeans  thatthat  itit  willwill  notnot  
crosscross  thethe  bloodblood––brainbrain  barrierbarrier  andand  hashas  poorpoor  absorptionabsorption  fromfrom  thethe  
gastrointestinalgastrointestinal  tracttract..    

•• ItIt  isis  brokenbroken  downdown  atat  aa  relativelyrelatively  slowslow  raterate  withinwithin  thethe  body,body,  duedue  toto  

itsits  relativerelative  resistanceresistance  toto  acetylcholinesterasesacetylcholinesterases.  
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WhyWhy  methacholinemethacholine  isis  moremore  stablestable  thanthan  Ach?Ach?  

Me O

NMe3

O Me

*
- 

Cl 

MethacholineMethacholine 

Me O

NMe3

O

AchAch 

hindershinders  bindingbinding  toto  esteraseesterase  
andand  providesprovides  aa  shieldshield  toto  
nucleophilicnucleophilic  attack!attack!  
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gauche anti quasi-anti 

WhyWhy  methacholinemethacholine  isis  selectiveselective  againstagainst  

muscarinicmuscarinic  receptors?receptors?  

Me O

NMe3

O Me

*
- 

Cl 

MethacholineMethacholine 

Me O

NMe3

O

AchAch 
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10. Design of cholinergic agonists 10. Design of cholinergic agonists  

PropertiesProperties  
•• ThreeThree  timestimes  moremore  stablestable  thanthan  acetylcholineacetylcholine  
•• IncreasingIncreasing  thethe  shieldshield  sizesize  increasesincreases  stabilitystability  butbut  decreasesdecreases    
  activityactivity  
•• SelectiveSelective  forfor  muscarinicmuscarinic  receptorsreceptors  overover  nicotinicnicotinic  receptorsreceptors  
•• SS--enantiomerenantiomer  isis  moremore  activeactive  thanthan  thethe  RR--enantiomerenantiomer  
•• StereochemistryStereochemistry  matchesmatches  muscarinemuscarine  
• Methacholine is primarily used to diagnose bronchial hyper-

reactivity, which is the hallmark of asthma and also occurs in 
chronic obstructive pulmonary disease. This is accomplished 
through the bronchial challenge test, or methacholine 
challenge, in which a subject inhales aerosolized methacholine, 
leading to bronchoconstriction. Other therapeutic uses are 
limited by its adverse cardiovascular effects, such as bradycardia 
and hypotension, which arise from its function as a 
cholinomimetic.   
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10. Design of cholinergic agonists 10. Design of cholinergic agonists  

BronchialBronchial  challengechallenge  testtest  

A bronchial challenge test is a medical test used to assist in the diagnosis of 
asthma. The patient breathes in nebulized methacholine or histamine. Thus the 
test may also be called a methacholine challenge test or histamine challenge 
test respectively. Both drugs provoke bronchoconstriction, or narrowing of the 
airways. Whereas histamine causes nasal and bronchial mucus secretion and 
bronchoconstriction via the H1 receptor, methacholine utilizes the M3 receptor 
for bronchoconstriction.  
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10. Design of cholinergic agonists 10. Design of cholinergic agonists  

BronchialBronchial  challengechallenge  testtest  

credits: https://www.youtube.com/watch?reload=9&v=OlXoNKDPtVU 

https://www.youtube.com/watch?reload=9&v=OlXoNKDPtVU
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ReallyReally  wonderfulwonderful……  ....  fromfrom  aa  smallsmall  memorymemory  

ofof   organicorganic  chemistrychemistry  toto  aa  greatgreat  

pharmaceuticalpharmaceutical  intuition!!!intuition!!!  

CH
3

O

O

Ester Amide 

CH
3

N
H

O

NH
2

O

O

Urethane orUrethane or  
CarbamateCarbamate 
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ReallyReally  wonderfulwonderful……  ....  fromfrom  aa  smallsmall  memorymemory  

ofof   organicorganic  chemistrychemistry  toto  aa  greatgreat  

pharmaceuticalpharmaceutical  intuition!!!intuition!!!  

Amide 

CH
3

N
H

O

good overlap poor overlap 
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AndAnd  herehere  thethe  drugdrug  isis  servedserved……  

- 
Cl 

CarbacholCarbachol 

Me O

NMe3

O

O

C

O

H2N
NMe3

AchAch 

PropertiesProperties  
•• Resistant to hydrolysisResistant to hydrolysis  
•• Long lastingLong lasting  
•• NHNH22  and CHand CH33  are equal sizes. Both fit the hydrophobic pocketare equal sizes. Both fit the hydrophobic pocket  
•• NHNH22  is considered biois considered bio--isostereisostere  of CHof CH33  in case!in case!  
•• MuscarinicMuscarinic  activity activity   nicotinic activity (nicotinic activity (side effects!!side effects!!))  
•• Used Used topicallytopically  for glaucomafor glaucoma  

DisadvantagesDisadvantages  
•• Copy&PasteCopy&Paste  fromfrom  MethacholineMethacholine 
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•• Replace Replace esterester  with with urethaneurethane  
•• Stabilizes the carbonyl groupStabilizes the carbonyl group  

AA  smartsmart  useuse  ofof   electronicelectronic  factorsfactors……  

Me O

NMe3

O

O

C

O

H2N
NMe3

L  12 Å 
Volume  163 Å3  

L  12 Å 
Volume  157 Å3  

This carbon is less This carbon is less electrophilicelectrophilic    
than in Ach!!!than in Ach!!!  
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SelectiveSelective  oror  nonnon  selective?selective?  

Me O

NMe3

O

O

C

O

H2N
NMe3

L  12 Å 
Volume  163 Å3  

L  12 Å 
Volume  157 Å3  
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AA  possiblepossible  retroretro  synthesissynthesis  pathpath::  

BackBack  toto  chemistrychemistry……  

+ NH3 
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Glaucoma:Glaucoma:  

Schematic of anterior portion of the human eye highlighting anatomy relevant to glaucoma therapeutics. The 
clear intraocular fluid called aqueous humor is produced by the ciliary body and secreted by the ciliary body 
epithelial bilayer into the posterior chamber (three yellow arrows indicate the 'aqueous humor inflow' 
pathway). The aqueous humor baths and nourishes the crystalline lens (Lens), and then circulates into the 
anterior chamber (enclosed by the Cornea) through the pupil (indicated by the single yellow arrow going 
across the iris). The aqueous humor leaves the eye through the trabecular meshwork and into Schlemm's 
canal ('trabecular outflow') and through the peripheral base of the iris, into the ciliary body, and through the 
sclera ('uveoscleral outflow').  
Current glaucoma medical therapy modulates intraocular pressure by decreasing 'aqueous humor inflow' 
[b2-blockers, a2-adrenergic receptor (AR) agonists, and carbonic anhydrase inhibitors (CAIs)], by enhancing 
'trabecular outflow' (M3 muscarinic agonists), or by enhancing 'uveoscleral outflow' (prostaglandin 
agonists).  
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Effect of Glaucoma:Effect of Glaucoma:  

credits: http://www.goyaleye.com/glaucoma.html# 
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GiveGive  mymy  thethe  thirdthird……  

Me O

NMe3

O

BRAVI!!!BRAVI!!! 

BethanecholBethanechol  

*H2N

C

O

O
NMe3

Me

- 
Cl 

AchAch 
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10. Design of cholinergic agonists 10. Design of cholinergic agonists  

A superA super--smart use of smart use of StericSteric  + Electronic factors+ Electronic factors  

PropertiesProperties  
•• VeryVery  stablestable  
•• OrallyOrally  activeactive  
•• SelectiveSelective  forfor  thethe  muscarinicmuscarinic  receptorreceptor  (with(with  furtherfurther  selectivityselectivity  forfor  MM33  

receptors)receptors)   

•• UsedUsed  toto  stimulatestimulate  GIGI  tracttract  ((oraloral))  andand  urinaryurinary  bladderbladder  
((subcutaneoussubcutaneous))  afterafter  surgery,surgery,  andand  glaucomaglaucoma  ((ophthalmicophthalmic  
solutionsolution))..  

BethanecholBethanechol  

*H2N

C

O

O
NMe3

Me

2-(carbamoyloxy)- N,N,N-
trimethylpropan- 1-aminium  

DisadvantagesDisadvantages  
•• Copy&PasteCopy&Paste  fromfrom  MethacholineMethacholine 
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Honestly,Honestly,  wewe  cannotcannot  reallyreally  considerconsider  

ourselvesourselves  satisfiedsatisfied  fromfrom  aa  pharmaceuticalpharmaceutical  

pointpoint  ofof   viewview::  

We still miss:We still miss: 

•• Selective nicotinic agonistsSelective nicotinic agonists  

•• Orally Orally avaiableavaiable  and BBB permeable cholinergic drugsand BBB permeable cholinergic drugs  

•• Wider therapeutic window Wider therapeutic window   
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JustJust  aa  prototypeprototype  ofof   nicotinicnicotinic  agonistagonist……  againagain  

fromfrom  mothermother  naturenature::  AnatoxinAnatoxin--AA,,  aa  

cyanotoxincyanotoxin  produced by multiple genera of  

cyanobacteria   

(+) (+) AnatoxinAnatoxin--AA  

1-(9-azabicyclo[4.2.1]non-2-en-2-yl)ethan-1-one 
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JustJust  aa  prototypeprototype  ofof   nicotinicnicotinic  agonistagonist……  againagain  

fromfrom  mothermother  naturenature::  AnatoxinAnatoxin--AA,,  aa  

cyanotoxincyanotoxin  produced by multiple genera of  

cyanobacteria   

TropaneTropane  
8-azabiciclo[3.2.1]ottano  

HomotropaneHomotropane  
9-azabiciclo[4.2.1]nonane  
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JustJust  aa  prototypeprototype  ofof   nicotinicnicotinic  agonistagonist……  againagain  

fromfrom  mothermother  naturenature::  AnatoxinAnatoxin--AA,,  aa  

cyanotoxincyanotoxin  produced by multiple genera of  

cyanobacteria   

(+) (+) AnatoxinAnatoxin--AA  

1-(9-azabicyclo[4.2.1]non-2-en-2-yl)ethan-1-one 

pKa  = 9.4 

logP  = 0.9 Michael 

addition 
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JustJust  aa  prototypeprototype  ofof   nicotinicnicotinic  agonistagonist……  againagain  

fromfrom  mothermother  naturenature::  AnatoxinAnatoxin--AA,,  aa  

cyanotoxincyanotoxin  produced by multiple genera of  

cyanobacteria   

(+) (+) ciscis  (+) (+) transtrans  
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JustJust  aa  prototypeprototype  ofof   nicotinicnicotinic  agonistagonist……  againagain  

fromfrom  mothermother  naturenature::  AnatoxinAnatoxin--AA,,  aa  

cyanotoxincyanotoxin  produced by multiple genera of  

cyanobacteria   

Nicotinic activity!!!Nicotinic activity!!!  
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