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12. Cholinergic Antagonists

Muscarinic Nicotinic

M1, M3, M5 M2, M4

Putative allosteric
Orthosteric {(ACh) binding sites

binding site

Key effectors (examples) Key effectors {(examples) Key effectors {(examples)
T PLCP L AC T [Ca%']i

T[Ca™i 1 MAPK 1 VDCC
T MAPK 1l GIRK ch. T PKC

A Drugs which bind to cholinergic receptor but do not activate it
A Prevent acetylcholine from binding
A Opposite clinical effect to agonists -lower activity of acetylcholine

credits: https://egpat.com/tutorials/cholinergic-agonists/introduction
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12. Cholinergic Antagonists (Muscarinic receptor)

Clinical Effects

A Decrease of saliva and gastric secretions

A Relaxation of smooth muscle

A Decrease in motility of GIT and urinary tract
A Dilation of pupils

Muscarinic

UseS M1, M3, M5
A Shutting down digestion for surge oy sen
A Ophthalmic examinations v
A Relief of peptic ulcers
A
A
A

M2, M4

NH, =y
J Putative allosteric
binding sites

Treat ment of Pa b@Pgw? ...
Anticholinesterase poisoning " @
Motion sickness ¥ T
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6. SAR for acetylcholine

Ethylene
bridge

Acetoxy 40 Nitrogen

From agonist to antagonist:

P

@)
O
HSCJ\O/O E_—

Agonist Antagonist
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| Let's start by learning from mother nature

T ®
|\/|e)j\o/\/l\”vIe3

Ach

, CHs
3

o H

OYSH H O\ /QH
o C
1
O O

Atropine Scopolamine
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12. Cholinergic Antagonists (Muscarinic receptor)
12.1 Atropine

a-tropanol

A
‘ A\

-~ N
H,C

N
Tropic acid
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Tropane derivatives

\8N 1 2
5%3
7
6

8-methyl -8-azabicyclo[3.2.1]octane

N QO
N OH o CHs
% 3 e H30 —N
O
b
@) O

Atropine Cocaine
(8-methyl -8-azabicyclo[3.2.1Joct -3-yl) 3-hydroxy -2- methyl ( IR,2R,3S,5S) -3- (benzoyloxy) -8-methyl -8-
phenylpropanoate azabicyclo/[3.2.1] octane -2-carboxylate

M S) Confidential and Property of ©2012 Molecular Modeling Section
M ept. Pharmaceutical and Pharmacological Sciencé&sUniversity of Padova- Italy

S.MORO'i CFTII Cholinergic, Part 2




Tropane derivatives

Mot her n@é

.--""""'N
0
11
|
Al(isoBut) ,H 1 Na/Hg (2%)
__________ T
THE H,O (H,SO,, pH = 3.4)

versus the human chemistry!
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12. Cholinergic Antagonists (Muscarinic receptor)

12.1 Atropine L = 15.6A
Vol @290A3

&
logP=1.6N_
MW = 289.4
PSA@G0A?
O+N=4
pKa=9.4

Ep (eq) = 47.9 kcal/mo

Ep (ax) = 49.6 kcal/mol

n . . .
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12. Cholinergic Antagonists (Muscarinic receptor)

transition state

[l
Piperidine ' O

{[
52
|

rirg
invarsion

N2 =
f'*ld

inversien at nitrogen .

et CH:I
nversion at nitrogen / T | ax
——N

\@

ring
inversian

— CH
\/"\\kt / 3
N eq

H

Thanks, Zorro96!!
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12. Cholinergic Antagonists (Muscarinic receptor)

12.3 Comparison of atropine with acetylcholine

anti conformation is fixed!

Relative positions of ester and nitrogen similar in both molecules
Nitrogen in atropine is ionised

Amine and ester are important binding groups (ionic + Hoonds)
Aromatic ring of atropine is an extra binding group (vdW)
Atropine binds with a different induced fit - no activation
Atropine binds more strongly than acetylcholine

o o o o o o
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Pharmacodynamics versus Pharmacokinetics:

H
H C’l‘\l + H3C’N\
3 . He
EEEE— H
H CHZOH T CHZOH |OgP =1.8
O
O
0 O

Stormach

Cesophagus

Small intestine

Jejunurm
llenum

Lowver
oesophagesal
sphincter

0 Descending colan
Duodenum 9

Stomach Jejunum lleum

PH 1.4-21 4.4-6.6 6.8-8.6 5-8 fasting
3-7 5.2-6.2 6.8-8.0 5-8 fed

| Stamach
i

< Sigmaid colon
Pyloric sphincter

Appendix

Rectum

Anus
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12. Cholinergic Antagonists (Muscarinic receptor)

12.1 At r opHysayemde or D/ L

H,c—\
easily racemised

(-)-iosciamina (+)-iosciamina

1 r

Atropina
| IMI Sjept P cullueriudl diiu Firupeily vl WZulz viviectulidl ivivueliny secuulil SMORO | CFTII Ch0|lnel’gIC, Pal't 2
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12. Cholinergic Antagonists (Muscarinic receptor)

12.1 Atropine  n,c-N

H " cH,0H

O

Racemicform of hyoscyamine(R form)
Source- roots of belladonna (1831)AtropaBelladonng
Used as a poison
Used as a medicine
decreases GIT motility
antidote for anticholinesterasepoisoning
resuscitation
dilation of eye pupils
A CNS side effects hallucinations

T T T T
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12. Cholinergic Antagonists (Muscarinic receptor)

12.1 Atropine H3C—N\

' cH,oH

O

A common mnemonic used to describe the physiologic manifestations of Atropine
overdose is:

hot as a hare, blind as a bat, dry as a bone, red as a beet, and mad as a hatter !

These associations reflect the specific changes of warm, dry skin from decreased
sweating, blurry vision, decreased sweating/lacrimation, vasodilation, and central
nervous system effects on muscarinic receptors, type 4 and 5. This set of symptoms is
known as anticholinergic___toxidrome , and may also be caused by other drugs with
anticholinergic effects, such as scopolamine, diphenhydramine, phenothiazine
antipsychotics and benztropine.
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12. Cholinergic Antagonists (Muscarinic receptor)

i,

12.1 Atropine HBC,N\

CH,OH

Resuscitation!

The action of this drug is to block the effect of the vagus nerve on the heart. This nerve normally
slows heart rate and, during cardiac arrest, is a common cause of asytole. Atropine also acts on the
conduction system of the heart and accelerates the transmission of electrical impulses through
cardiac tissue.

In cardiac arrest it is given to reverse asystole and severe bradycardia. The Resuscitation Council
recommends that atropine be given for pulseless electrical activity with a rate of less than 60 beats
per minute or in complete asystole.

This drug should be administered intravenously and the dose depends on the heart rhythm. For
bradycardia a dose of 0.5mg should be given and repeated every five minutes until a satisfactory
heart rate is achieved. In asystole a single dose of 3mg should be given and this should not be
repeated unless the cardiac rhythm changes to bradycardia or pulseless electrical activity.
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12. Cholinergic Antagonists (Muscarinic receptor)

12.1 Atropine

~N
H3C B
H cH,0H

NDC 61314-303-01  Rx Only

FALCON.

PHARMACGEUTICALS

Atropine Sulfate
Ophthalmic |

Ehne 430301 ..w.-—

Mropine Sullatt
9 Dphthalml! #
I - ! E Solution g -
ALCON

LABOAATORIES, INL.
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Paras thetic fibers
of ocuigrmlor nerve (I}

Sympathetic
fibers

Chalinergic stimulation
of pupillary constrictor

Adrenergic
stimulation of
pupillary dilator

Sympathetic
(adrenergic) effect

Parasympathetic
(cholinergic) effect
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Parasympathetic fibers
of eculomotor nerve (111}

Sympathetic
fibers

\ Superior
) cervical
. ganglion

9 }
\

——

Spinal cord
P Chalinergic stimulation

of pupillary constrictor

Opiods, Benzodiazapines, and Barbiturates cause Hallucinogens & Stimulants are known to
Iris pupil constriction. cause pupil dilation.

Adrenergic
stimulation of

Sumil ory cletoe Opioids: Percocet, vicodin, oxycodone, heroin. Hallucinogens: Pot, LSD [Mushrooms, Acid]

Benzodiazepines alleviate anxiety. [Xanax, valium| Stimulants: Cocaine, crack, crystal meth.
Barhiturates also called tranquilizers or sedatives. Antidepressants can also cause dilation.

Sympathetic
(adrenergic) effect

Parasympathetic
(cholinergic) effect
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12. Cholinergic Antagonists (Muscarinic receptor)

12.2 Hvoscine (scopolamine)

gP=1.0%
'W =303.3
SA@62A?
+N=5
Ka=7.7
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12. Cholinergic Antagonists (Muscarinic receptor)

12.2 Hyoscine (scopolamine)

1 pKa = 9.7 1 pKa = 7.7

N
HC 7/
H
CH,OH o- H
CH,OH
@) |
H O\ C/’E:H
0 H I
@)
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12. Cholinergic Antagonists (Muscarinic receptor)

12.2 Hyoscine (scopolamine)

1 pKa = 9.7 1 pKa=7.7

The accessibility of the water molecules to the ammonium salt is facilitated by the
smaller steric hindrance present in the atropine molecule compared to that of
scopolamine’
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12. Cholinergic Antagonists (Muscarinic receptor)

12.2 Epoxide = Reactive site = Instability = Toxicity ?7??

A

epoxide

steric hin
@SNZé backsi de attack
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12. Cholinergic Antagonists (Muscarinic receptor)

12.2 Hyoscine (scopolamine)

Me
/ =
N BEC £L820. S04

Scopolamine
H Transdermal System
o 1mg/3 days
¥ CH,OH ptrelstst iy
| Moter s 9
H Mawsea b Vomating C}

H 1 _ 4htches Perrigo’
O

A Itis mostly a M1 muscarinic antagonist

A Treatment of nausea and motion sicknesgransdermalroute).

A To reduce motility and secretions in the Gl tract

A Treatment of intestinal cramping.

A As an adjunct to opioid analgesia,such as the product Twilight Sleepwhich contained
morphine and scopolamine This combination induces a seminarcotic state which
producesthe experienceof childbirth without pain, or without the memory of pain. It is
now merelya chapterin the pasthistory of obstetrics
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4 Y To cross @ or not to cross, this is the dilemmal!

Stormach

Transverse colon
) . 1 Small intestine
S, T J 7 Jajunum
‘.s T llenum
P | A
' | i Descending calon
1 | h
-
N

Cesophagus

Lowver
oesophagesal
sphincter

Duodenum

Stomach Jejunum lleum Colon

] LN H 1.4-21 4.4-6.6 6.8-8.6 5-8 fasting
it S gl (8 Stamach p
8 = 3-7 5.2-6.2 6.8-8.0 5-8 fed

< Sigmaid colon
Pyloric sphincter

Appendix

Anus Rectum
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Cesophagus

Small intestine

Laowver Jejunurm

oesophagesal llenum
sphincter
700 Descending calon
DuodEnUm 4L ng

Ml without peripheral and
B = SNC side effects!!!

< Sigmaid colon
Pyloric sphincter

Anus Rectum
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12. Cholinergic Antagonists (Muscarinic receptor)

12.4 The first good idea: the analogues of atropine

NO,

Atropine methonitrate

A Analogues are fully ionised
A Analogues unable to cross membranes including BBB
A No CNS side effects
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12. Cholinergic Antagonists (Muscarinic receptor)

12.4 The quaternary nitrogen analogues of atropine

©

/CHS N03@ Br @ /CH(CH3)2
HsC—=N HaC—N
H H
i:HZOH (I;HZOH
® CH O CH
~ C/ N C/
[l ]
O O
Atropine methonitrate Ipratropium

Inhalation administration :

treat and prevent minor and
moderate bronchial asthma,
treat of chronic obstructive
pulmonary disease (COPD).

It is also combined with
Salbutamol (beta, adrenergic
agonist) for the management of
COPD and asthma.

Oral administration :
e L. treat pain and discomfort
o caused by abdominal
Descenng coon cramps, or other
spasmodic activity in the
digestive system.

VS
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12. Cholinergic Antagonists (Muscarinic receptor)

12.4 The most famous guaternary nitrogen analogue!

~ Butylscopolamine
> | (Buscopar J—
o H  cH.oH | 1"
s ‘
O :§ Buscopa™
| s

A Butylscopolamineis usedto treat pain and discomfort caused
by abdominal cramps, menstrual cramps, or other spasmodic
activity in the digestive system It is not an analgesicin the
normal sensesinceit doesn't'mask’ or '‘cover over' the pain, but
rather works to prevent painful cramps and spasms from
occurring in the first place
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) Mather nature é

Duboisia and the development of Buscopan® b 1 ‘

In the search for a safe and effective treatment for the pain of abdominal cramps,
Boehringer Ingelheim learnt from the healing arts of some of the world's oldest
cultures. Ancient Hindu physicians in India knew of the antispasmodic effects of a
relative of Duboisia: the plant Datura. Today, the Buscopan® story starts in Ingelheim,
Germany, where elite Duboisia plants are grown in greenhouses. These plants are
bred to be resistant against nematodes and beetles. The best seeds are harvested and
then delivered to the companyEs plantations in South America and Australia for further
on-site selection. Here, the shrubs grow on a large scale. The pharmaceutically
important alkaloid scopolamine which is contained in the dried leaves and stalks is
isolated and purified. Finally, the active precursor substance scopolamine is converted
in a single chemical process into hyoscine butylboromide, the active ingredient of
Buscopan®.

In 1951, the new medication was ready for commercial production. Buscopan® was
launched in 1952. Today, with more than half a century of proven expertise in safe
antispasmodic effectiveness, Buscopan® is the world's leading and most trusted
treatment for abdominal pain.
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12. Cholinergic Antagonists (Muscarinic receptor)

12. 4 e and I n assocliation wi't
Br-
H3cs+/I
N
5 o i
\"/ BLISI_:DPHI'I‘
0 \,H CH,OH /©/ 0 plus
HO 20 tam-coved ablets
o)
m i Toceinein

Buscopan® Plus (also known as Buscapina® Compositum N in some
countries) has a dual effect. Paracetamol, a proven analgesic, reduces the pain
of uterine cramps. At the same time, Butylscopolamine relieves the painful
cramps of the colon and intestine that often accompany menstrual pain. In this
way, Buscopan® Plus quickly and effectively relieves the pain of menstrual
cramps, without interfering in the body's natural menstrual rhythm.
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12. Cholinergic Antagonists (Muscarinic receptor)

12. 5 e thanks Giovanni ! 1] T h €

8-methyl -8-[(4-phenylphenyl)methyl] -8-azoniabicyclo[3.2.1]octan -3-yl] 3-hydroxy -2-phenylpropanoate bromide
(Gastropin®)
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land now é Dbioisosterism !

Br-
HC +
A Y
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12. Cholinergic Antagonists (Muscarinic receptor)

12. 4 € and an I nteresting ane
Br- —
CH
H3C\:I/ ’ Totopium Bromie

N "l

haler
®

120

Tiotropium bromide

Tiotropium bromide is a muscarinic receptor antagonist, often referred to as an
antimuscarinic agent. Although it does not display selectivity for specific muscarinic
receptors, when topically applied it acts mainly on M3 muscarinic receptors located on
smooth muscle cells and submucosal glands. This leads to a reduction in smooth
muscle contraction and mucus secretion and thus produces a bronchodilatory effect.
Tiotropium bromide is a long-acting, 24 hour, bronchodilator used in the management
of chronic obstructive pulmonary disease (COPD).

M SD Confidential and Property of ©2012 Molecular Modeling Section
M

ept. Pharmaceutical and Pharmacological SciencésUniversity of Padova- Italy S.MOROT CFTII Cholinergic, Part 2




| Do you remember broisostere concept?

#,H e _,..D ,,F

_OH —> _NH, _SH

I I I I
_CH, = O _NH _s8
I

=0 0

here is a simple example:

o*,

o,
N
o) H  cH.oH H
2 o CH,OH
o) 5 /
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| Wonderful!l!
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tand now e ring demolition !
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12. Cholinergic Antagonists (Muscarinic receptor)
12.5 Simplified Analogues

Pharmacophore =ester+ basic amine+ aromatic ring

Amprotropine

[3-(diethylamino) -2,2-dimethylpropyl] 3 -
hydroxy -2-phenylpropanoate
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' cH,0oH

Amprotropine

(logP = 3.0)

# -\ Amprotropine is °21/100 less potent as muscarinic antagonist
compare to atropine, why?

- BRAVI!
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and finally € both of them!
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12. Cholinergic Antagonists (Muscarinic receptor)

12.5 Simplified Analogues

N
H,C~™ .

Propantheline bromide

N-isopropy! -N-methyl -N-{2-[(9H -xanthen -9-
Yyilcarbonyl)oxyjethyllpropan  -2-aminium bromide

Used for the treatment of excessive sweating (hyperhidrosis), cramg
or spasms of the stomach, intestines (gut) or bladder, and involuntat

urination (enuresis).
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' Remembe , if possible e
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12. Cholinergic Antagonists (Muscarinic receptor)

12.5 Simplified Analogues HcN
WA a—a\ g

Tropicamide (logP = 1.3) Cyclopentolate(logP = 2.4) Benztropine (logP = 4.3)
(opthalmics) (opthalmics) (Parkinenn< disease)
2

@

HO

Benzhexol(logP =4.5)( (@®).
(Parkinsons disease)

SD Confidential and Property of ©2012 Molecular Modeling Section
M

ept. Pharmaceutical and Pharmacological SciencésUniversity of Padova- Italy S.MOROT CFTII Cholinergic, Part 2




¥ role of cholinergic and dopaminergic
signalling in Parkinson

Pathophysiology

Parkinsonism (paralysis agitans) is a common movement disorder that involves
dysfunction in the basal ganglia and associated brain structures. Signs include rigidity of
skeletal muscles, akinesia (or bradykinesia), flat facies, and tremor at rest (mnemonic
RAFT).

Naturally occurring parkinsonism

The naturally occurring disease is of uncertain origin and occurs with increasing
frequency during aging from the fifth or sixth decade of life onward.

Neural network regulating extrapyramidal motor functions and Parkinson's disease.
Striatal GABAergic GABA output neurons receive glutamatergic Glu excitatory inputs
from the cerebral cortex and excitatory inputs from acetylcholinergic ACh interneurons
within the striatum. Dopaminergic DA neurons from the substantia nigra pars compacta
negatively regulate both striatal output neurons and ACh interneurons. In patients with
Parkinson's disease, the nigro-striatal dopaminergic neurons are degenerated, which
causes hyperexcitation of both GABA and ACh striatal neurons. The serotonergic 5-HT
neurons derived from the raphe nuclei project to the striatum, substantia nigra and
cerebral cortex, and modulate the expression of extrapyramidal motor disorders.
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{role of

cholinergic and dopaminergic

i signalling in Parkinson

I_’ Cerebral cortex @ >

Thalamus -
41 Glu neuron Striatum
- 5-HT
Globus neuron
pallidus
| D, =
i Y
5"552?52“" I DA neuron |
|
Yy v ;
P il Pl
i DA) (DA} Raphe
Pars reticulata \DA4, St pl _
Pars compacta 5-HT nuciei
neuron
Substantia nigra —. Inhibition

Brain stem

--: Excitation

[]: D, receptor A: mACh receptor @A: NMDA receptor

VS
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12. Cholinergic Antagonists (Muscarinic receptor)

12.5 Simplified Analogues HcN
WA a—a\ ¢

Tropicamide (logP = 1.3) Cyclopentolate(logP = 2.4) Benztropine (logP = 4.3)
(opthalmics) (opthalmics) (Parkinsons disease)

@

HO
Benzhexol(logP =4.t

(Parkinsons diseast
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" _ ¥Give me another good idea!

| N

Stormach

Qesophagus Transverse calon

Small intestine

Jejunurm
llenum

Lowver
oesophagesal
sphincter

700 Descending calon
Duodenum ) 9

without SNC side effects!!!

A

< Sigmaid colon
Pyloric sphincter

Appendix

Anus Rectum
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12. Cholinergic Antagonists (Muscarinic receptor)

12.5 Simplified AnaloguesPirenzepines

H 2
N (’\;!\
@@
e ) \ @\«
N _ 0 0
N .
//'& : : redrawing
O Pirenzepine

11-[(4-methylpiperazin-1-yl)acetyl]-5,11- :: :
( ) | | © N
\ /

c-N \ﬁ
dihydro-6H-pyrido[2,3-
-~N
H3C E H3C’ @\(O
\/H CH,OH \)

b][1,4]benzodiazepin-6-one
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12. Cholinergic Antagonists (Muscarinic receptor)

12.5 Pirenzepineversus Atropine

3C’N H3C’It
CH,OH

N

H3C’N\

ax
* 0
VW@ Yb o
piperidine analogs piperazine analogs

N

S.MORO i1 CFTII Cholinergic, Part 2
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12. Cholinergic Antagonists (Muscarinic receptor)

12.5 Pirenzepineversus Atropine

H3C’N\ H?’C’It
E \,H CH,OH
ax

N
ax

O

piperazine analogs

1

HsC”E\wl\@

S.MORO'i CFTII Cholinergic, Part 2
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12. Cholinergic Antagonists (Muscarinic receptor)

12.5 Simplified Analogues

@]
H . .. .
N A It isa M1 muscarinic antagonist
/Z/} A Medical use - treatment of motion sickness
T N\= _ _ (kinetosis), nausea jntestinal cramping
//go Pirenzepine It has no effectson the brain and spinal cord as
(N (anti-ulcer) it cannotdiffuse through the blood-brain barrier
) 11-[(4-methylpiperazin-1-yl)acetyl]-5,11-
N dihydro-6H-pyrido[2,3- 2
1 b][1,4]benzodiazepin-6-one
H3C 4 »> '
icH)

H,c— N\
\\_\ O '
N/),N NH

@)
NN/
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€ 3é now it is clear!

~N
[ H:CT W\

~N
E H.C .
' cH,oH

Sigmaid colon

o e without periferal and SNC side effects!!!
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VA | Why? Count the number of hetero -atoms!!!
;*'-':1 :

Fragments Pi value \

C +0.5

phenyl/benzene/aromatic ring +2.0 —
Cl +0.5

S 0.0

carboxylic acid or ester 0.7 =

amide or imide 07 <:|

O (hydroxyl, phenol, ether) -1.0

N (amine) 1.0 <:I

ing Section
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4 ) Less steric hindrance... Higher basicity !!

.
N
’ Higher steric hindrance

pKa (2) @b

pKa (3) @ (sp!!!)
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12. Cholinergic Antagonists (Muscarinic receptor)

Pl easeé donot forget

O — | PR H*

ridine
pyridinium ion o
pK, = 5.16

N
H

LIS

H H L
piperidinium ion Pipstdins
pK. = 11.12

000 QOO0

| |
H H H H H H
pKa 11.1 pKa 8.5 pKa 9.8 pKa 7.9 pKa 7.4 pKa 9.0
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(j\:: IJ — @N(ﬁ) HzlquaneyClrr
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12. Cholinergic Antagonists (Muscarinic receptor)
12.5 Simplified Analogues

- N
H,C™) *N‘
3 \—\ O H3C \__\ 0
N N NH N

O O
~ Pirenzepine Telenzepine
(anti-ulcer, M1 selective) (anti-ulcer, M1 selective)
logP =-0.61 logP = 0.37

Telenzepine is 25 folds more potent than pirenzepine.
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Do you remember : atropisomers?

ﬁ_i’» Atropisomersare stereoisomersresulting from
"1 hindered rotation about singlebondswhere the
“steric strain barrier to rotation is high enough HO,C NO, HO,C NO,

e Aallain. L£an e I alaticica Af e h amaafaa aian -

] NO,

Ra
Telenzepir « 1l aqueous
solution it separation
of the ene iffinity  for
muscarinic wch lower
selectivity opisomers
wasseena

f—& slow rofabon

“’ ;}—\ g™ (20 °C) |
_\> 1HZII:!lEI years Iy
.Mrmgenlc {.,_ a

axis 1b

o.viurO 1T CFTI Cholinergic, Part 2
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8 HswamineH, o Acetyicholine
receplor antagonists i J -

a—@ o o

Hstaming H, receptor ® @ CCK receptor
N\
/ b

CAMP- Ca?t-
dependent dependent
pathway pathway

Panetal Proton pump

inhibitors

from
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12. Cholinergic Antagonists (Muscarinic receptor)

12.6 Determinants of Gastric Acid Secretion
FUNDUS
Emtzric Nervous System

{relay from CN5 ar intrinsic) -

ANTRUM

Somatostatin

z o @ [(CCK-B)

PARIETAL CELL
cAMP

o H; antagonists (blockers) 9 Proton Pump Inhibitors
Anticholinergics @ Sucralfate (luminal coating)

§ Misoprostol (PG analog) 6 Bismuth, Antibiotics
NSAIDs (COX1 inhibition) () Octreotide (somat. analog)
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muscarinic to nicotinic antagonists!!!
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12. Cholinergic receptors

Receptor types
A Not all cholinergic receptors are identical

A Two types of cholinergic receptor nicotinic and muscarinic
A Named after natural products showing receptor selectivity

ACEtYl ChOl ine Muscarinic
M1, M3, M5 M2, M4
(AC h) e Putative allosteric

Nicotinic

wsteric (ACh) binding sites
sinding site (
ACh receptors S SR S
S0 ;;.._ - / Y ._ 9.4 Y-
S - T\ cAMP
Nicotinic l ’.{P;‘
rece ptO rs Ca?* \ COOH
Ligand -gated ion channels G protein -coupled receptors
(fonotropic receptors) (metabotropic receptors)
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13. Cholinergic Antagonists (Nicotinic receptor)

Pharmacophore
A Two quaternary centres at specific separation
A Different mechanism of action from atropine based antagonists

A Different binding interactions
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| As usual, let's start by learning from mother
=4 nature ...

T ®
|\/|e)j\o/\/l\”vIe3

Ach

d - Tubocurarine (dTc)
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13. Cholinergic Antagonists (Nicotinic receptor)

13.1 Curare
A Extract from curari plant
A Used for poison arrows
A Causes paralysis (blocks acetylcholine signals to muscles)
A Active principle = tubocurarine
MeO
@ /Me
HO ¢ N\Me
“en,

i chondrodendron tomentosum
d-Tubocurarine (dTc)
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13. Cholinergic Antagonists (Nicotinic receptor)

1,2,3,4 -tetrahydro -1-benzyl -isoquinoline

Isoguinoline derivatives
5 4

6 \3
8 1
v

CO

1,2,3,4 -tetrahydro -isoquinoline

OMe

d-Tubocurarine (dTc)
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13. Cholinergic Antagonists (Nicotinic receptor)

Two non-symmetri monium salts

MeO permanent
. HO
equatorial
O H
CH, :
@)
OH
pH-dependent OMe

d-Tubocurarine (dTc)
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13. Cholinergic Antagonists (Nicotinic receptor)

|
ol \
V4
) 4
r 4
, -
.7 1 _—
/ J
— . — P
l _\:'—V » N S— /:
____—,”—— . /// a 11 i
_— a 8 i N\ ~ g
/ ! e
/‘. ,/’ _./
-— ! \ \ \
/"‘\
/ /
—

face2face
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13. Cholinergic Antagonists (Nicotinic receptor)

Pharmacophore
A Changing of the Ach:NicRec stoichiometry 2:1 to 1:1
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13. Cholinergic Antagonists (Nicotinic receptor)

Two asymmetric centres

MeO

R@N/Me

/CH
: o H ’
2
|v|e o
H=—
@ S OH
Me

d-Tubocurarlne (dTc)
(+)- Tubocurarine

d : An enantiomer can be named by the direction in which it rotates the plane of polarized light. Clockwise rotation of the light traveling
toward the viewer is labeled (+) enantiomer. Its mirror-image is labeled ( 1. The (+) and ( 1igomers have been also termed d- and
I- (for dextrorotatory and levorotatory); but, naming with d- and |- is easy to confuse with D- and L- labeling and is therefore
discouraged by IUPAC.!

VS
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https://en.wikipedia.org/wiki/Absolute_configuration

Ml " preparation of unknown origin. From the information he gathered, he published

~* an erroneous chemical structure of tubocurarine. King proposed that curare had
guaternary nitrogen groups at each end of the molecule (i.e. it was bis-
guaternary). This notion underlay the subsequent development of new muscle
relaxants. Discovery of this error in 1970 facilitated development of a new
generation of mono-quaternary relaxants, the prototype being vecuronium.
Although in 1935, large-scale production of tubocurarine was not possible, there
followed a string of fortunate circumstances, leading to the first public
demonstration of curare in humans.

In 1935, King had described the structure he
thought was required in a neuromuscular
blocking drug: two quaternary nitrogen
groups separated by a distance (interonium)
of 1.4 to 1.5 nm. The interonium distance
proved to be more flexible than King
predicted, for pancuronium being 1.05 nm
and for fazadinium 0.7 nm.

Nitrogen group originally described as
quaternary by King in 1935. In fact, in
vivo, it is a protonated tertiary group.

credits: https://aneskey.com/a -history -of-neuromuscular -block -and-its -antagonism/ #
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13. Cholinergic Antagonists (Nicotinic receptor)

Clinical uses

A Neuromuscular blocker for surgical operations

A Permits lower and safer levels of general anaesthetic

A Tubocurarine used as neuromuscular blocker but side effects in
particular hypotensionand bronchoconstriction(by histamine release
from mastcells)

A Currently, tubocurarine is rarely used as an adjunct for clinical
anesthesiabecausesafer alternatives

Time to onset: 300 seconds or more
(which is relatively slow among neuromuscukimocking drugs)

Duration: 60 -120 minutes 00
(which is relatively long time)
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| Common classification €& on set & duration
R e

Short duration

T 1-2 510 10-20 min

INY

b mmmmﬂﬂ Intermediate duration
T 21’3 znfm 40-60 min
INY

Long duration

T 4-6 45-60 Hl]-1l;rl] min
INY
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Toxiferine d (N*-NY @9.9 A

C-Curarine d (N *-N*) @9.5 A Lagenaria siceraria
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Calebassine d (N *-N*) @10.2 A Strychnos usambarensis

5-4r'llltg
C-Ak. E
a0 || RO 1111
C-Alk. H m"h] ] “]"I“l““"“l"“
2y jl.g
C-Curaorine
8y kg |"||||I||I||In il ||||||| ||II"|]|"II|
C-Alk. G
Byl IIIIII[. I |||||||||

Con A Duration of paralysis (paralytic dosei.v.), contraction of cat
150y /v Mﬂﬂﬂ“ﬂ“ gastrocnemius by electrically stimulated sciatic nerve ( 4 X
Colebassine /min). [J.E. Saxtonii T hAd k a | ol. 380, 197

b?}jm H“Lunulllllllﬂﬂu ) [ 1?“33 q

I 1 L 1 L 1 1 1 L 1 i
0 20 30 40 S0 60 70 8O Qoni 100
n
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13. Cholinergic Antagonists (Nicotinic receptor)

From d-Tubocurarine to Metocurine

MeO MeO

Me Me H//,
\ ©
) ve —ne O Me
OMe

d-Tubocurarlne (dTc) Metocurine

Metocurine is a semisynthetic derivative of DTc, first synthesized by King in 1935 as part of the
work that first suggested a chemical structure for DTc. It is the N,O,O-trimethylated compound.
Unlike DTc, it is a bisquaternary molecule. Metocurine is about twice as potent as curare in
human subjects , with a similarly long duration of action. Its principal advantage over curare is its
weaker histamine-releasing property-less than one-half that of DTc. Metocurine is indicated for
longer operations (31 4 hours). Metocurine is excreted only by the kidney. It has no alternate biliary

pathway, and no metabolism occurs in the liver.
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13. Cholinergic Antagonists (Nicotinic receptor)

13.3 Analogues of tubocurarine (simplification strategy)

Neuromuscular blocking drugs are often classified into two broad
classes

Pachycurares which are bulky molecules, fully competitive
antagonits of acetylcholine with non-depolarizing activity because
they bind the closedform of the channel

LeptocurareSwhich are thin and flexible moleculesthat tend to
have depolarizing activity becausethey bind the open form of the
channel
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3y the apparently strange behavior between
i pachy and lepto é

Pachy Lepto

Acetylcholine
binding sites

Continued

ACh
[S XV ‘
s 3 excitation
- [

Outside 1

D

M)
Inside
(a) (b) (e)
Resting Excited Desensitized
(gate closed) (gate open) (gate closed)
ACh

Leptocurares produce muscle relaxation not by preventing the opening of the Ach-
activated channels but by keeping them open too longé or in other words keep the
muscle membrane depolarized and refractory to a new impulse initiation.
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13. Cholinergic Antagonists (Nicotinic receptor)

Pharmacophore
A Changing of the Ach:NicRec stoichiometry 2:1 to 1:1
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13. Cholinergic Antagonists (Nicotinic receptor)

13.3 Analogues ofubocurarine (simplification strategy)

" from pachy to lepto é

e
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13. Cholinergic Antagonists (Nicotinic receptor)

13.3 Analogues ofubocurarine (leptocurares

® @

MegN(CHz)loNMeg

Decamethonium highly variable compared to 11 A

chﬁ.ﬁ':'s . cH

- WW MV 2. O Y /Al

HaC N - -
Br~ - HiC CHg

Br

A Long lasting

A Long recovery times

A Side effects on heart
(VOC blockel
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13. Cholinergic Antagonists (Nicotinic receptor)




Q VOC blockers : leptoé and several other
small ammonium cations

A

extracellular

NH,

intracellular Inactivation

gate

B

extracellular

i , i

mitracellular

Closed Activated Inactivated Deactivated
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i Welcome to a great scientist : the most
| brilliant ideas are sometimes the simplest

N
Daniel Bovet, (born March 23, 1907, Neuchatel, Switz.- died April 8, 1992, Rome,
Italy), Swiss-born Italian pharmacologist who received the 1957 Nobel Prize for
Physiology or Medicine for his discoveries of certain chemotherapeutic agents -
namely, sulfa drugs, antihistamines, and muscle relaxants.

Bovet studied at the University of Geneva, graduating with a doctorate in science in
1929. That same year, he went on to the Pasteur Institute in Paris and became head
of the therapeutic chemistry laboratory there in 1939. In 1937 Bovet discovered the
first antihistamine substance, which (in counteracting the effect of histamine) is
effective in treating allergic reactions. This discovery led to development of the first
antihistamine drug for humans in 1942, and in 1944 one of B o v eawid discoveries,
pyrilamine, was produced as a drug.

In 1947 Bovet was invited to establish a laboratory of chemotherapeutics at the
Superior Institute of Health in Rome, and eventually he took Italian citizenship. There
he turned his attention to curare, a drug used to relax muscles during surgery.
Because the drug was expensive and somewhat unpredictable in its effects, a low-
cost dependable synthetic alternative was desired. Bovet produced hundreds of
synthetic alternatives, of which gallamine and succinylcholine came into widespread
use.

In 1964 Bovet became professor of pharmacology at the University of Sassari, on the
Italian island of Sardinia. He served as the head of the psychobiology and
psychopharmacology laboratory of the National Research Council (Rome) from 1969
until 1971, when he became professor of psychobiology at the University of Rome
(19717 82).
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13. Cholinergic Antagonists (Nicotinic receptor)

13.3 Analogues ofubocurarine (leptocurares

H,C CI:Ii‘Q’ JCI)\ ji\ EIECH
3 IN\/\ 0rererrrrnns eH.C O/\/ \ 3
O CH 3
H3C 3 CH,
gauche
I<7\"W V4 \4}!

O @)
| |
® om0 N im0 e

MesN CHoC Hym== O O == CH,CH,NMes

Suxamethoniumor succinylcholine
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13. Cholinergic Antagonists (Nicotinic receptor)

13.3 Analogues ofubocurarine (leptocurares

@) @)
1 1
® om0 N ~No— e

MesNCHyCHy==0 Q=== CH,CH,>NMe3 ﬁ l

Suxamethoniumor succinylcholine

Suxamethoniumchloride (otherwise known as succinyl chloride or i s u x a ¢lrug usedto
create short-term muscle paralysis. The drug can effectively stop the action of all skeletal
musclesin the body in 30-60 secondsenabling doctors to perform a Tracheal Intubation
(placing a flexible plastic tube into the tracheato maintain an openairway asshownin the
diagram) without the patient struggling. The effect typically lasts 5-10 minutes meaning
that the patient doesnot needto haveartificial breathing for too long.

The discovery and development of suxamethonium led to a Nobel Prize in
medicinefor Daniel Bovetin 1957
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' why longée why short e

Decamethonium Suxamethonium

0 0
| |
® ® ® /C\CHZ-CHZ/C\ ®

Me3N(CHy) 10NMes MesN CH,C Hy==0 Q== CH,CH,N Me;

M S) Confidential and Property of ©2012 Molecular Modeling Section
M ept. Pharmaceutical and Pharmacological SciencésUniversity of Padova- Italy

S.MORO'i CFTII Cholinergic, Part 2




13. Cholinergic Antagonists (Nicotinic receptor)
13.3 Analogues ofubocurarine (pachycurareg

|-
| - HEG_HFJH’_EHE
HaC—\ . ~—CHgs — “—CHja

N
H:_'a,'l:f'.‘:_""ﬂF \_\ O
O 9]

Gallamine triethiodide

Gallamine triethiodide (Flaxedil) is a non-depolarising muscle relaxant. It was
developed by Daniel Bovet in 1947. The pharmaceutical is no longer marketed.

A and from lepto back to pachy é
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| Back to mother nature é

The discovery of a steroidal alkaloid malouetine prompted development of steroid
molecules with curare-like effects. The general structure had two acetylcholine-like
groups separated by an appropriate distance, and had to be bulky (pachycurare) to
confer non-depolarizing characteristics. Willam f Bi Bdwman was a gifted
pharmacologist at the University of Strathclyde in Glasgow, Scotland, who had worked
with Paton on curare-like drugs. Bowman considered that the rigid steroidal
androstane molecule was the perfect skeleton on which to place the quaternary
nitrogen groups to create a muscle relaxi
\ /

N—_

malouetine
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| From malouetine to pancuronium

m |t was these structural o0 r ul ad¢ B o wma ndéa to use the androstane
? nucleus that led to the development of the aminosteroid relaxant
pancuronium by Hewett and Savage. Pancuronium obeyed the rules
except for its short interonium distance . This shortness conferred high
potency and was long enough to avoid producing ganglionic blockade .

Soon after the report of its clinical use in 1967, pancuronium

supplanted curare and gallamine for use in patients . Although devoid of
ganglionic blocking effects, it had both vagolytic and sympathomimetic

activity, but did not produce the hypotension associated with d-
tubocurarine , or as much tachycardia as seen with gallamine .

Pancuronium (R=Me)

P Vencuronium (R=H)
David Savage
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