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Obijectives

By the end of this lecture the student should able to:

Mention the different types, locations and actions of

cholinergic receptors.

|dentify the mechanism of action of direct acting

cholinomimetics.
Describe the pharmacokinetics of cholinergic drugs.

|dentify pharmacological actions and uses of cholinomimetics.



Organization of The Nervous System
I

Nervous System

Peripheral Nerve Central; Nerve
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ANS , Efferent division of the PNS
—

Peripheral Nerve System (PNS)

Efferent Division (MOTOR)
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ANS , Parasympathetic

N

& @ Tle o ANS

Medulla Parasympathetic

Preganglionic neurons

Long

Synapses with postganglionic at or near organ

ACh is neurotransmitter

Nicotinic receptor on postganglionic
Postganglionic

Short

Synapses onthe organ

ACh is neurotransmitter

Muscarinic receptor on the organ

Cholinergic fibers: act by releasing acetylcholine



Red = sympathetic actions
Blue = parasympathetic actions

EYE

Contraction of iris radial
muscle (pupil dilates)

Contraction of iris sphincter

muscle (pupil contracts)
Contraction of ciliary muscle

(lens accommodates for near vision)

TRACHEA AND BRONCHIOLES

Dilation
Constriction, increased secretions

ADRENAL MEDULLA

Secretion of epinephrine and norepinephrine /

KIDNEY

Secretion of renin (3, increases;
o4 decreases)

LACRIMAL GLANDS

Stimulation of tears

SALIVARY GLANDS

Thick, viscous secretion
Copious, watery secretion

HEART

Increased rate; increased contractility
Decreased rate; decreased contractility

GASTROINTESTINAL SYSTEM

Decreased muscle motility and tone;
contraction of sphincters

Increased muscle motility and tone

URETERS AND BLADDER ‘k‘f GENITALIA (female)
Relaxation of detrusor; contraction \ Relaxation of uterus
of trigone and sphincter BLOOD VESSELS
Contraction of detrusor; M (skeletal muscle)
relaxation of trigone and sphincter c p Dilation
GENITALIA (male)

Stimulation of ejaculation BLOOD VESSELS

Stimulation of erection

(skin, mucous membranes, and
splanchnic area)

Constriction

Figure 3.3

Actions of sympathetic and parasympathetic nervous systems on effector organs.




Cholinergic Transmission
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7 Half-life of is very short

1 Q2 why do we need to know

o1 Targets for pharmacologic therapy
(interventions)

Synthesis, storage, release, and
termination of action of the
transmitter, and receptor effects

1 Inhibitors



Autonomic Receptors
-

Cholinergic
Receptors

A) Nicotinic Receptor B) Muscarinic Receptor

M1, M3, M5 (Gq coupled)
Muscarinic R {

(mAChR) M2, M4 (Gi coupled)

Cholinergic R

Nicotinic R Nu (neuromuscular, or muscle type)
(nAChR) {

N\ (neuronal, or ganglion type)



Autonomic Receptors (Cholinergic)

Cholinergic
Receptors
I
A) Nicotinic Receptor

71 Nicotinic Receptor (nAChRs)

= Similar to those induce by nicotine

1 Locations:

o1 At neuromuscular junctions of skeletal muscle (Ny)

\. I Motor (somatic) Ach

/
/ Nicotinic

21 On Adrenal medulla (Ny)

\ Sympathetic (adrenal medulla) /‘ 2
[ \. Epi
\ Nicotinic




Autonomic Receptors (Cholinergic)

Cholinergic
Receptors

A) Nicotinic Receptor

1 Locations:

o1 Ganglionic neurons in the autonomic ganglia (Ny)

. Ach
2 Parasympathetic
o C

N
Nicotinic
Ach
Sympathetic /c
® <®
Nicotinic
Sympathetic 5°h
® <@
Nicotinic

Sympathetic 5°h
® <@
Nicotinic




Autonomic Receptors (Cholinergic)

0 Type:

A) Nicotinic Receptor

o Ligand-gated ion (Na+) channel

2 ACh binds to the a subunits

o 2 acetylcholine molecules

o1 Structurally and functionally similar to the Na™

Channel
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Autonomic Receptors (Cholinergic)
o

= Primary location of nicotinic receptors and their actions

Receptor Locations Pharmacological actions
Ny Autonomic ganglia sympathetic & parasympathetic stimulation
Ny Adrenal medulla release of catecholamines (adrenaline

& noradrenaline)

uscles ; i
Num Skeletal m Low concentration — muscle contraction

High concentration — persistent
depolarization & relaxation

(depolarization block).




Autonomic Receptors (Cholinergic)

Cholinergic
Receptors
l
B) Muscarinic Receptor

= Similar to those induce by muscarine

71 Muscarinic Reciptors (mAChRs)

1 Locations:

? Parasympathetic Ach dall target organs
¢ < -\ e.g, heart, CVS,
Muscarinic
eye, bladder, GIT
Sympathetic A;h Sweat

AN
Muscarinic gldnds




Autonomic Receptors (Cholinergic)
I

O Type B) Muscarinic Receptor

o1 Muscarinic receptors are GPCRs
o Five Subtypes: M;, M,, M5, M, M
o Odd-numbered members M, M; : Excitatory

o Even-number M,, M, : Inhibitory
o Affinity to ACh

u Muscarinic receptors B Nicotinic receptors

e, e, Muscarine  Acetylcholine  Nicotine
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Autonomic Receptors (Cholinergic)
I

71 Muscarinic receptors are GPCRs

(m] M], M3, Gnd M5 M2 Gnd M4
[}
2]
°
(&)
>
(@]
O o
, &
{F @ =
© @ )
3 £ <
e c
o —
o 2 1
< O
o a
P cAMP
3
Z“? i Protein kinase A
ctivation ;
Phosphorylation

Phosphorylation of
of enzymes functional proteins




Autonomic Receptors (Cholinergic)

Primary location of muscarinic receptors and their actions

Receptor Locations Pharmacological actions
M, CNS CNS excitation
Excitatory gastric parietal cells Gastric acid secretion
M, Heart Cardiac inhibition
Inhibitory (Bradycardia)
Mj Exocrine glands * Secretion of glands
Excitatory Smooth muscles (GIT, *Relaxation of sphincter 22
urinary tract, bronchial * Smooth muscle contraction
muscles) *Circular& ciliary muscle Contraction
Eye * Vasodilatation (via nitric oxide)
Vascular endothelium
M, & M; CNS memory, arousal, attention and
analgesia




Drugs In/direct-acting on Ach receptors
-

1 Organ System Effects (EYE)

Canal of Schlemm

Anterior
chamber

Trabecular meshwork —

Dilator (ct) Sphincter (M)

=T <l

A
- - /
“ Ciliary epithelium (B)
/
Ciliary muscle (M)

The parasympathetic innervates the constrictor pupillae (circular muscles
of iris) which is important for adjusting the pupil in response to change in

light intensity & regulating the intraocular pressure.



Ach receptors

T
1 Organ System Effects (EYE)

o When the ciliary muscle contracts, the lens bulge more —
this parasympathetic reflex is essential to accommodate for
near vision

¥
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Ach receptors

[l

l

Organ System Effects (EYE)

Aqueous humoursecreted by ciliary body, is removed continuously
by drainage into the Canal of Schlemm.

Normal intraocular pressure is 10-15mmHg above atmospheric
pressure . Abnormally raised pressure (glaucoma)—retinal
detachment.

Miosis — |, intraocular pressure in patient with glaucoma

Comea

Dilator  Constrictor  Iris
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Pharmacological actions of cholinergic drugs

Actions that are similar to the effects of

parasympathetic system activation.
nicotinic actions

muscarinic actions

Cholinergic drugs acts upon two types of receptors
hicotinic receptors

muscarinic receptors




Parasympathomimetics
(cholinergic drugs)

Acetyl-choline
Methacholine
Carbachol
Bethanechol
Pilocarpine

Direct

Indirect

1

Reversible

Physostigmine
Neostigmine
Edrophonium

Irriversible

Organophosphorus
Echothiophate (used in glucoma)

War gases and Parathion




Parasympathomimetic
(Cholinergic Drugs )

Cholinoceptor stimulants

Heartand  Glands and
Nerve  smooth muscle endothelium

Alkaloids Reversible

—> Muscarinic <—
}— Direct-acting —— Receptors — 4 ACh < Indirect-acting *{

. S —> Nicotinic <«— drugs ,
Choline esters | Irreversible
A | |
Neuromuscular Autonomic
end plate, ganglion

skeletal muscle cells



Drugs direct-acting on Ach receptors (CHOLINOCEPTORYS)

5 A Choline esters

I - CHs : _
HyC —C — O —CHo— CHa — N*—— CH, Charged quaternary ammonium group
™ CH, Activity
Acetylcholine Poor distribution

can not cross BBB (No CNS effects)

Not metabolized by cholinesterase.(

o except Ach)
|| ~ CH3 . .
HENESEE-0—CH,—CH,—N"— CH, Have longer duration of action than Ach.
3
Carbachol B-methyl group : Selectivity to M receptor
(carbamoylicholine) .
Never given L.V. or |.M But S.C Why?2?¢
Cevimeline R
O
I _ CHg T _ CHy l|\l+
HgC—C—O—CH—CH,—N*_—CH, HyN —C-— O—CH—CH,— N*— CHg 3~ \R4
| CHg | ™~ CHj R \
CHg CHg R2
Methacholine Bethanechol

(acetyl-B-methylcholine) (carbamoyl-B-methylcholine)



Drugs direct-acting on Ach receptors (CHOLINOCEPTORYS)

]
71 B Tertiary natural alkaloids — Muscarine
quaternary
Well absorbed except Muscarine , Excreted by the
ki d ney S Action chiefly muscarinic Action chiefly nicotinic
HO p—
R1 R2 | | I _ CHj, :N/ \ /
.o HaC H, —*N—CH | N
™~ N -~ 3 ° o CH: CHg
Muscarine Nicotine
F?S
HsC — CH, 0 OH
CH, N—CHj, I |
J\ J M ) CCH2QCHQCH
Z | N |
© @) N CeHs | CeHs
CH,
Pilocarpine

Lobeline



Drugs direct-acting on Ach receptors (CHOLINOCEPTORS)

[l

. 0

Acetylcholine (Ach) || _ CH;

H4C —C — 0 —ChHp—CHp —N*— CHy

Muscarinic and nicotinic CHy
Acetylcholine

agonist
Not used clinically because Ach

B Is not selective as it acts on both nicotinic and
muscarinic receptors

®  Has short duration of action. Why?

®  Due to rapid metabolism by acetycholinesterase



Drugs direct-acting on Ach receptors (CHOLINOCEPTORYS)

]
0 Carbachol 0 o
HgN —C—0—CH,—CH,—N*—— CHj
Muscarinic actions on Eye, GIT, UT. Chs

Carbachol
(carbamoylcholine)

Has nicotinic actions (side effects).

Resistant to hydrolysis by acetyl cholinesterase
Longer duration than Ach.

Used for treatment of glaucoma



Drugs direct-acting on Ach receptors (CHOLINOCEPTORYS)

O

[ _~ CH
11 Bethanechol HaN G+ O—Gr—Gr,— N+ Gh
CH
CHys °
Prominent muscarinic actions on GIT, UT. S T—

(carbamoyl-3-methylcholine)

No nicotinic action

Resistant to hydrolysis by acetyl cholinesterase
Longer duration than Ach

Used for

® Paralyticileus

m Urinary retention in cases of post-operative atony & neurogenic
bladder



Drugs direct-acting on Ach receptors (CHOLINOCEPTORS)
I

0 Cevimeline
o1 Direct acting muscarinic agonist (M3)
o Used for treatment of dry mouth symptom
0 associated with Sjogren's syndrome

(autoimmune disease characterized by Formation of
antibodies leading to dryness of mouth and eye).



Drugs direct-acting on Ach receptors (CHOLINOCEPTORYS)

[l

H3C - CH2

Pilocarpine J\ J Ot {/)N—C”a
well absorbed, good distribution °" Mo N
Cross BBB (has central effects). Pilocarpine

Not metabolized by cholinesterase
Long duration of action
Excretion is enhanced by acidification of urine

Direct muscarinic agonist(mainly on eye & secretion).



Drugs direct-acting on Ach receptors (CHOLINOCEPTORS)

]
. . HaC = CHo CH N—CH
0 Pilocarpine J\ J 2 L _ "
0 Uses: °" To N
Xerostomia (dry mouth). Pilocarpine

Drug of choice in emergency glaucoma
applied as eye drops.
0 Adverse effects:
Profuse sweating
Salivation
Bronchoconstriction
Diarrhea

CNS effects



Drugs direct-acting on Ach receptors (CHOLINOCEPTORYS)

ACh Carbachol Bethanechol Pilocarpine
Chemistry Quaternary Quaternary Quaternary Tertiary
Polar Polar Polar non polar
Absorption NOT better better absorbed Complete
absorbed than than Ach
Ach
Metabolism metabolized
by by NOT metabolized by cholinesterase

cholinesterase cholinesterase

Duration Very short Longer (++) Longer (++) Longer (++)
administration L.V. Oral, Oral oral,
eye drops eye drops S.C. eye drops

S.C.




Drugs direct-acting on Ach receptors (CHOLINOCEPTORYS)

retention

ACh Carbachol | Bethanechol | Pilocarpine | Cevimeline
M, N M,N M M M
Receptors | Muscarinic | Muscarinic Muscarinic | Muscarinic Muscarinic
Nicotinic Nicotinic
Muscarinic +++ +++ +++ +++ +++
Selectivity NOT Eye, GIT GIT, More on Exocrine
Urinary Urinary eye, glands
bladder bladder exocrine
glands
Nicotinic +++ +++ NO NO NO
Uses NO Glaucoma | Paralytic Glaucoma Sjogren's
ileus Xerostomia syndrome
Urinary




Drugs direct-acting on Ach receptors (CHOLINOCEPTORS)
I

Contraindications

Bronchial asthma.

Peptic ulcer.

1.

2

3. Angina pectoris
4. Urinary incontinence
5

Intestinal obstruction

End



