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DIRECT ACTING
CHOLINRTGIC DRUGS

Objectives:

* 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.

Don’t say I’'m having a bad day,
say | have a character building
day.

@ Titles
B Very important

B Extra information
B Doctor’s note




Organization of The Nervous System:
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In this lecture we will study
the cholinergic agonist drugs.
Autono Which means they increase
the parasympathetic action.

Peripheral Nerve System (PNS)

N: Nicotinic Receptor (central)
M: Muscarinic Receptor (peripheral) Efferent Division (MOTOR)
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Parasympathetic

ACh

ANS
Parasympathetic
Central Peripheral
nicotinic muscarinic
receptor receptor

Preganglionic neurons:

* Long.

* Synapses with postganglionic at or near organ.
* Acetylcholine is neurotransmitter.

* Nicotinic receptor on postganglionic.

Postganglionic:

* Short.

* Synapses on the organ.

* acetylcholine is neurotransmitter.
* Muscarinic receptor on the organ.

Cholinergic fibers(Enteric): group of fibers act by releasing acetylcholine.




Cholinergic Transmission:

* Half-life of Ach is very short.

Avon Mitochondrion
terminal [
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Autonomic Receptors:

M1, M3, M5 (Gq coupled)

Muscarinic R

(MACHR) M2, M4 (Gi coupled)

Cholinergic R
Nicotinic R [~ Nw (neuromuscular, or muscle type)

nAChR
(ACHR) Ny (neuronal, or ganglion type)

Classes of G proteins according to their
o subunit:

G, :stimulates Adenyl cyclase.

G; :inhibits Adenyl cyclase.

G, :activates Phospholipase C.

For further info go back to “Receptors
families” in the foundation block.

Pharmacological actions of cholinergic drugs

cholinergic drugs have Actions that are
similar to the effects of parasympathetic
system activation.

* nicotinic actions

* muscarinic actions

Cholinergic drugs acts upon two
types of receptors

* nicotinic receptors

*  muscarinic receptors

B Muscarinic receptors
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Cholinergic (parasympathetic) receptors

1-Autonomic Receptors (Nicotinic): ligand is usually a molecule

] which produces a signal by
* lon channel linked receptors binding to a site on a

* Similar to those induce by nicotine. target protein.

* Locations:

1. At neuromuscular junctions of skeletal muscle (N,).
2. On Adrenal medulla (Ny).

3. InCNS (Ny).

4. Ganglionic neurons in the autonomic ganglia (Ny).

e Type:

1. Ligand-gated ion (Na+) channel.

2. Acetylcholine binds to the a subunits.

3. 2 acetylcholine molecules must be attached.

4.  Structurally and functionally similar to the Na+ Channel.

sympathetic &
parasympathetic stimulation.

Ny Autonomic ganglia

release of catecholamines
Adrenal medulla . .
Ny (adrenaline & noradrenaline)

J concentration of the drug or
ACh - muscle contraction
“Mconcentrationof the drug or
ACh - persistent depolarization
& relaxation (depolarization
block).(anesthetic effect)

Ny, Skeletal muscles




2-Muscarinic receptors

Muscarinic receptors belong to class of G protein-coupled receptors. These
receptors, in addition to binding Ach, also recognize muscarine which is an

. By contrast,

muscarinic receptors show only a weak affinity for nicotine.

Types and location of muscarinic receptors:

M1 in the 1%t important organ *brain*.
M2 in the 2"¥ important organ *heart*.
M3 in other internal organs.

Receptor Locations Pharmacological actions
M1 CNS *  CNS excitation
(Excitatory) gastric parietal cells *  Gastric acid secretion
M2 T .
o Heart *  Cardiac inhibition (Bradycardia)
(Inhibitory)
Exocrine glands. * Secretion of glands.
M3 Smooth muscles (GIT,
] urinary tract, bronchial * Smooth muscle contraction
(Excitatory) muscles).
Vascular endothelium. | « vasodilatation (via nitric oxide)
*  memory, arousal, attention
M4 & M5 CNS _
and analgesia
Remember:




Types of muscarinic receptors

RN
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Organs

muscarinic actions

Contraction of circular muscle of iris (miosis)(M3)

endothelium

Eye Contraction of ciliary muscles for near vision (M3)
Decrease in intraocular pressure (IOP)
Heart bradycardia ( decrease in heart rate ) (M2)

Release of Nitric Oxide (EDRF)

Constriction of bronchial smooth muscles

Lun . . .
& Increase in bronchial secretion M3
Increase in motility (peristalsis)
GIT Increase in secretion

Relaxation of sphincter -defecation M3

Urinary bladder

Contraction of muscles
Relaxation of sphincter M3
Urination

Exocrine glands

Increase of secretions of exocrine glands
sweat, saliva, lacrimal, bronchial, intestinal secretions M3

Nicotinic vs Muscarinic receptors

Nicotinic receptors Muscarinic receptors
(Central cholinoceptors) (Peripheral cholinoceptors)
Almost excitatory Excitatory or inhibitory

Autonomic ganglia Nn
sympathetic & parasympathetic
stimulation

On all peripheral organs innervated by
postganglionic parasympathetic fibers

Adrenal medulla Nn

release of catecholamines (adrenaline & Heart (bradycardia, M2)
noradrenaline) exocrine glands (secretion, M3)
Skeletal muscles Nm Smooth muscles (contraction, M3)

contraction (GIT, urinary tract, bronchial muscles, uterus)




Muscarinic effect on the eyes

The iris has two muscles that control light intensity:

1. Dilator pupillae, a longitudinal radial muscle which dilates the pupil (mydriasis) in
the dark, to allow as much as possible of light to enter the eye. It is innervated by
sympathetic NS.

2. Constrictor pupillae, a circular muscle which constricts the pupil (miosis) in places
with good lighting. It is innervated by parasympathetic NS.

Circular muscles Pupil Radial muscles
contract contract

Cpall Chas B liaall Lia
¢ suall s Sl 5 aiitia
ol ) g Jaraall g JA

Bright light Normal light Dim light

Accommodating the ciliary muscle for near vision:

e Parasympathetic activation contracts the ciliary muscle. ( when
ACh combines with muscarinic M3 receptor).

e Contraction of ciliary muscle pulls the ciliary body forward &
inward , relaxing the suspensory ligaments of the lens (lens
becomes spherical). (Contraction of ciliary body = relaxation of
the suspensory ligaments , and vice versa).

* The lens bulges more (increased curvature) , this causes a
decrease in focal length.

* This parasympathetic reflex is essential to accommodate for
near vision.

ANS control of iris.



Continue....

Constrictor pupillae is important for:

= Adjusting the pupil in response to change in light intensity.
= Regulating the intraocular pressure.

For better understanding you have to take a look at the anatomy of the eye and to be
familiar with some terms.

* Aqueous humour: the clear fluid filling the space in the front of the eyeball between
the lens and the cornea.

* Ciliary body: is the structure in the eye that releases a clear liquid in the eye.

* Canal of Schlemm: is a circular lymphatic-like vessel in the eye that collects aqueous
humor from the anterior chamber and delivers it into the episcleral blood vessels
via aqueous veins.

Regulating the intraocular pressure:

In the healthy eye:

 Aqueous humour is secreted by the cells
of the epithelium covering the ciliary
body.

* Increased tension in the ciliary body
removes the Aqueous humour
continuously by drainage into the canal
of Schlemm.

* Normalintraocular pressure is 10-
15mmHg above atmospheric pressure.

In some people:

* Dilatation of their pupil will block canal of schlemm, therefore it impeds
drainage of aqueous humour.

* The accumulation of agueous humour leads to an increase in
intraocular pressure.

* |OP may lead to glaucoma, and retinal

detachment.




The effects of parasympathetic nervous system of the eye:

Eye Parasympathetic Nervous System
Iris
radial muscle No effect
circular muscle Contraction (miosis) M3
Ciliary muscle Contraction M3
Accommodation for near vision
Intraocular
pressure(IOP) Decrease
Mechanism of treatment of glaucoma: ZED > Waiiecamine

Miosis
(contraction of the pupil)

= - Untreated

Mydriasis
(dilation of the pupil)

A ~~ Eye treated

@ with atropine
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/ Parasypathomimetics (cholinergic drugs)

Parasypathomimetics

(cholinergic drugs)

indirect Direct

Reversible Irreversible (e.g. ACh.'
o (e.g. organophosphorus, methacholine,
(e.g. physostigmine, Echothiophate “used in carbachol,

neostigmine, glucoma”, War gases, bethanechol
’

edrophoniom thi : !
> ) parathion) pilocarpine)




Drugs direct-acting on Ach receptors

(CHOLINOCEPTORS)
A- Choline Esters

(Quaternary ammonium compounds)
* Polar

e Poor distribution

* Do not cross BBB (no CNS effect)
Not metabolized by cholinesterase.( except Ach)
Have longer duration of action than Ach

B-methyl group = Selectivity to M receptor

* Never given LV. or I.M But S.C (to avoid side effects)
Cevimeline

B- Tertiary natural alkaloids
* Well absorbed except Muscarine , Excreted by the kidneys
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* Acetylcholine NN PP g4

CHy

* Muscarinic and nicotinic agonist — o
e Not used clinically because
* not selective as it acts on both nicotinic and
muscarinic receptors
e Has short duration of action Due to rapid
metabolism by acetycholinesterase.
e Carbachol 0 Con
* Muscarinic actions on Eye, GIT, UT R 0~ e
* Has nicotinic actions (side effects) (carbamoyicholine

e Resistant to hydrolysis by acetyl cholinesterase

e Longer duration than Ach (no breakdown)
* Used for treatment of glaucoma
e Bethanechol
* Prominent muscarinic actions on GIT, UT. and No
nicotinic action
e Resistant to hydrolysis by acetyl cholinesterase
* Longer duration than Ach
e Used for
e Paralyticileus (failure of peristalsis)
e Urinary retention in cases of post-operative atony
& neurogenic bladder

o

CHy

Bethanechol
(carbamoyl-[i-methyicholine)



e Cevimeline

Direct acting muscarinic agonist (M3)
Used for treatment of dry mouth symptom
associated with Sjogren's syndrome
* (autoimmune disease characterized by Formation of
antibodies leading to dryness of mouth and eye)

* Pilocarpine

Pilocarpine

HsC — CH,

Natural source ' CH, N—CH
l
Tertiary (lipid soluble) OJ\OJ KN/)

well absorbed, good distribution
Cross BBB (has central effects)
Not metabolized by cholinesterase
Long duration of action
Excretion is enhanced by acidification of urine
Direct muscarinic agonist(mainly on eye & secretion)
Uses:
* Xerostomia (dry mouth).
* Drug of choice in emergency (long duration of action) glaucoma
* applied as eye drops.
Adverse effects: (exaggeration of effects)
* Profuse sweating
Salivation
Diarrhea
CNS effects
Bronchoconstriction

Pilocarpine

(( (Carpine) Ug,,S (0) 9o (Pil) ) aouwl s>l oS *
( Tertiary Amine 3 )wo:\// dcgoxo £9J uou_,_g/ow/‘&w » 5 [ *

Carbon=Carpine wg,SI lpiky, & é ji00ll yailaz)l jas *

The carbon from natural source (so this drug from natural source)
The carbon is build up the organic compounds which are lipid soluble (so this drug is lipid soluble)




Chemistry

Absorption

Metabolism by
cholinesterase

Duration

administration

Receptors
Muscarinic
Selectivity
Nicotinic

Uses
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Quaternary
Polar

NOT

metabolized
by
cholinesterase

Very short

L.V. ,eye drops
(not actually
used)

Muscarinic
Nicotinic
+++

NOT

+++

NO

Quaternary Quaternary Tertiary
Polar Polar ST [PRLELS
a:s?:::ed better
absorbed than Complete
than Ach
Ach

NOT metabolized by cholinesterase

Longer (++) Longer (++) Longer (++)

Oral, eye oral, eye
drops Oral ,S.C. dr' y
S.C. "
Ml.'|scé\.rlr'"c Muscarinic Muscarinic
Nicotinic
+++ +++ +++
E
U GIT GIT, Urinary More e
Urinary bladder S ands
bladder glands
+++ NO NO
ParaIYtlc ileus Glaucoma
Glaucoma Urinary i
! Xerostomia
retention

Muscarinic

+++

Exocrine
glands

NO

Sjogren's
syndrome




Contraindications: (would make things worse)

e Bronchial asthma

Peptic ulcer
* Angina pectoris (pain due to low blood flow to the heart)

* Urinary incontinence

Intestinal obstruction

Pilocarpine o ppdly (4u,Sl) dolSs ipSiug (Carp/ Carb) glado opad GuiodSIl S
(glaucoma) @,S a9 (Glaucoma) ¢S b Lo 0 Sl M299 0pas 166) po A9 Ug iy
Corbacho! ey il o oliae cuan Lo M| aule sy sS-is

Use For eye

refer to increase the salivary secretion cUlss \ cllulew

Use exocrine gland Pilocarpine Ulei \ el lewwy Lidly aolSs (o6, S (Pilo) ghso lpud
(dry mouth) Cevimeline Ui\ cllisloww o ludo aolS; xSy (meline) ghso lpud

&V (For Glaucoma as eye drops) a9 aoiziww (Carbachol) oizinw lo Lled o ¢ ple JSiw plSi ez
(non selective so to minimize its side effect)

Carbachol JSU JoSVI Lazewidly (achol) JoST ouiodSIl ghio 451

Use GIT Urinary bladder . ) )
y Bethanechol S (Urinary bladder) o yvivg juiS (GIT)

Lo Logazl axg (sl oriww sl 98 opid a>lo SIS welis
(Bathroom) éolS, i S (Betha) aolSl dilu




SAQ

A dentist would like to reduce salivation in a patient in preparation for
an oral surgical procedure.

Q1: List two Cholinergic drugs we can not use in this case for salivary gland and

why?
Pilocarpine / Cevimeline

Because they will the opposite by increasing the secretion of salivary gland.

Q2:What is the mechanism of action of these drugs as Cholinergic drugs ?

Produce primarily effect by binding directly to cholinergic receptors which is Muscarinic
receptor in salivary gland, so act as Muscarinic Agonist and increase the secretion.

Q3:Which subtype of Muscarinic receptor is the target here ? And where we can
found it also in our bodies ?

M3 / we can found it in ( Exocrine glands in general & Smooth muscles of GIT, urinary
tract & bronchial muscles & Vascular endothelium & eyes )

Q4: Why do they have long duration of action ? And how we can enhance their

excretion from our bodies ?
Because, they do not metabolized by cholinesterase. / by acidification of urine.

Q5: Increasing the secretion is considered as one of their pharmacological effects,

list other three of them ?

- Increase in motility of GIT (peristalsis) / Vasodilatation via nitric oxide / Decrease in
intraocular pressure via Contraction of circular & ciliary muscles of eyes.

Qeé: list other cases or diseases we can use these drugs to treat Xerostomia
(dry mouth):
Sjogren's syndrome / patient with anti-cancer drugs




SAQ

56 Female has Glaucoma . Her doctor prescribe Pilocarpine to decrease the intraocular

pressure. Her past medical history includes no kidney or heart disease but she has
asthma.

Q1: Which class or family of glaucoma drugs this drug is belong to ?
Cholinergic drugs (cholinomimetics).

Q2 : Which other drug can we use it also in this case ?
Carbachol

Q3:Which subtype of Muscarinic receptor is the target for this drug ?
M1 which are found in eyes.

Q4: Explain how does it decrease the intraocular pressure ?
By producing actions similar to stimulation of parasympathetic system which innervate two muscle in eyes

helping in (circular & ciliary ). The contraction of these muscles allow the aqueous humour is removed
continuously by drainage into the canal of Schlemm.

Q5: Is it recommended to give him this drug as 1.V injection ? And what is the best route of adminstation ?
No, we have to avoid it because it may lead to bradycardia .

The best route is Subcutaneous (S.C)

22 male has abdominal surgery. After his operation he has constipation,

nausea and vomiting. The doctor gave him Bethanechol

to treat these post-operative complication. Her past medical history includes Urinary
incontinence.

Q1: These post-operative complication such as constipation , nausea and vomiting are related to which

condition?
The most likely is Paralytic ileus.

Q2 : What is the mechanism of this drug in this case to treat the relaxation of this muscle ?
It is act as cholinergic drug which act as Muscarinc agonist (M3) and increase the motility of
GIT (peristalsis) and Relaxation of sphincter (defecation)

Q3:The patient can not continue use these drug any more
because he has Urinary incontinence which considered as on
of contraindications, list two more?

Bronchial asthma / Peptic ulcer / Intestinal obstruction.




SAQ

Q1:The Synthetic Acetylcholine is prototype but does not have clinical uses

nowadays ,Why ?

It is not selective as it acts on both nicotinic and muscarinic receptors = Has
many side effect.

It has a rapid metabolism by acetycholinesterase = Has short duration of action.

Q2 : Pilocarpine is Tertiary amine act as Muscarinic agonist , what can we
expect about this drug ?

Non-polar (lipid soluble) = well absorbed, good distribution ,Cross placenta &
BBB and has central action.

Q3:Why we can not use some Cholinergic drugs which act as Muscarinic
agonist with patient with peptic ulcer?

Because in the stomach we have subtypel of Muscarinic receptor (M1) which is
stimulating with these drugs to increase Gastric acid secretion by gastric parietal
cells.

Q4: What does miosis mean ?
Miosis is the Constriction of the pupil that is excessive and relative to the

amount of light the pupil receives. / Two muscles are involve in adjustment the
amount of light in our eyes which are (constrictor & dilator pupillae) .

Q5: By which system is innervated with ?
The constrictor pupillae is responsible for this cg
nervated by parasympathatic system.

ition and it |

Q6: List two drugs can induce miosis ?
Pilocarpine / Carbachol
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