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Unit-2
Medicinal Chemistry-I

B.Pharma 4™ Sem Notes

Unit: 2
Drugs acting on Autonomic Nervous System

o Adrenergic Neurotransmitters:
o Biosynthesis and catabolism of catecholamine.
o Adrenergic receptors (Alpha & Beta) and their distribution.

« Sympathomimetic agents: SAR of Sympathomimetic agents

o Direct acting: Nor-epinephrine, Epinephrine, Phenylephrine\*,
Dopamine, Methyldopa, Clonidine, Dobutamine, Isoproterenol,
Terbutaline, Salbutamol\*, Bitolterol, Naphazoline, Oxymetazoline
and Xylometazoline.

Indirect acting agents: Hydroxyamphetamine, Pseudoephedrine,
Propylhexedrine.

o Agents with mixed mechanism: Ephedrine, Metaraminol.
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Drugs acting on the Autonomic Nervous System:

e The autonomic nervous system (ANS) plays a crucial role in regulating
various bodily functions involuntarily, like heart rate, digestion, and
sweating.

e Drugs can interact with the ANS by targeting its chemical messengers,
called neurotransmitters.

Adrenergic Neurotransmitters:

e An adrenergic nerve fiber is a neuron for which the neurotransmitter 1s either
adrenaline (epinephrine), noradrenaline or dopamine.

e These neurotransmitters are released at a location known as the synapse,
which is a junction point between the axon of one nerve cell and the dendrite
of another.

Biosynthesis of catecholamine:
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Phenylatine get hydrolyzed into trysine in liver.

1. Step 1 - tryosine hydroxylase catalyzes the conversion of L - tryosine to L -
dihydroxyphenylalanine (L - DOPA). This is the most time-consuming stage
in catecholamine biosynthesis. Alpha methyltryosine inhibits tryosine
hydroxylase (metyrosine).

. Step 2 - solution of (L-DOPA) catalyzed by L-aromatic amino acid
decarboxylase (DOPA decarboxylase) and blocked by methyldopa.

. Step 3 - selective hydroxylation of dopamine to create NE catalyzed by
dopamine beta hydroxylase, which is blocked by disulfiram.

Catabolism of catecholamine:

e [t s the removal of catecholamines and also termination of action of
catecholamines.
Catecholamine catabolism Catecholamines are deactivated by .-monoamine
oxidase (MAO) and Catechol-O- methyltransferase (COMT) leading to
synthesis of homovanillic acid (from dopamine) or vanillylmandelic acid
from norepinephrine or epinephrine.
Alternatively, as shown for dopamine metabolism order of reaction may be
change with COMT acting first followed by MAO.

dopamine norepinephrine ©OH epinephrine OH

3-methoxytyramine  3,4-dihydroxyphenylacetic acid 3,4-dihydroxymandelic acid
OH
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Adrenergic receptors (Alpha and Beta) and their distribution:

Adrenergic receptor are those receptor in which adrenergic drugs/ neurotransmitter
will bind directly to induce various action/receptors.

Adrenergic receptors are membrane bound G-Protein couple receptors.
These are classified into two types:

1. Alpha (o) receptor:
1. alpha-1
1.  alpha-2
2. Beta (P) receptors:
1. beta-1
1. beta-2
1i.  beta-3

Agonist binding to the adrenergic receptors induces the following cellular
mechanisms:

Distribution:

a1: Smooth muscle in blood vessels, liver, airways, prostate, iris
a2: Presynaptic terminals in the nervous system, smooth muscle in blood
vessels, pancreatic islets

B1: Heart, kidney, adipose tissue, brain
B2: Smooth muscle in airways, blood vessels, uterus, skeletal muscle

B3: Adipose tissue
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Sympathomimetic Agents:

e Sympathomimetic drugs (also known as adrenergic drugs and adrenergic
amines) are stimulant compounds which mimic the effects of endogenous
agonists of the sympathetic nervous system.

e Sympathomimetic drugs are used to treat cardiac arrest and low blood
pressure, or even delay premature labor, among other things.

SAR of Sympathomimetic Agents:

Beta- carbon atom
ANY additional group here GREATLY increases alpha and beta receptor agonist activity.

Alpha- carbon atom
Any additional groups here increasethe half life by inhibiting MAO,

and also allow the drug to act as an indirect sympathomimetic

Amine group
A methyl group here confers alpha selectivity.

The smaller the group, the more alpha effect there is.
Amine Group

The Aromatic Ring and Catechol hydroxyl groups
It all depends where you substitute the extra groups.
You need two to have the maximum receptor affinity.

Classification of Sympathomimetic Agents:

1. Direct acting drugs:

o Nor-epinephrine, Epinephrine, Phenylephrine*, Dopamine,
Methyldopa, Clonidine, Dobutamine, Isoproterenol, Terbutaline,
Salbutamol*, Bitolterol, Naphazoline, Oxymetazoline and
Xylometazoline.

2. Indirect acting drugs:

e Hydroxyamphetamine, Pseudoephedrine, Propylhexedrine.
3. Mixed action (mechanism)

e Ephedrine, Metaraminol
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Direct acting drugs:

e These are those drugs which directly bind with adrenergic receptor (both o
& B) and give its pharmacology action.
e The action produced are of rapid onset and of short duration.

Nor-epinephrine:

Norepinephrine, also known as noradrenaline, is both a neurotransmitter and
a hormone.

It plays an important role in your body’s “fight-or-flight” response.

As a medication, norepinephrine is used to increase and maintain blood
pressure in limited, short-term serious health situations.

Structure:

HO

HO
Epinephrine:

e [tisused to improve breathing.
e It also used to reduce the swelling of the face, lips and threat.

Structure:

OH

H
HO N

HO
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Phenylephrine:

e [tisused for the temporary relief of stuffy nose sinus and ear problems
caused by the common cold flu or allergy.
e [tisused to treat the breathing illness that is it improves breating.

OH

HO N
“CH,4

Synthesis of Phenylephrine:

Phenol 2-chloroacetyl
chloride 2-chloro-1 [3-hydrox;
phenyll ethanone

[H]
CIH— CHy;— NH— CHz «— ﬁ_CHZ_ NH— CHg
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HO

1-(3-hydroxyph enyl) 2- (methyl
amino) ethanone

Cl
OH O o)
oY
| HO
NH2CH 3
y

Phenylephrine

Mechanism of Action

o Phenylephrine is an a,-adrenergic agonist which brings vasoconstriction and
mydriasis. It depends on the location of administration and route of
administration.
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« Systemic exposure to the drug results in agonism of a-1 adrenergic
receptors, which leads to increase in systolic and diastolic pressure, and also
increase in peripheral vascular resistance.

The increase in blood pressure stimulates the vagus nerve which results in

the cause of reflex bradycardia.

Uses:
The drug used for the treatment of:

o Hemorrhoids
« Hypotension
Priapism

Dopamine:

e Dopamine acts on areas of the brain to give you feelings of pleasure,
satisfaction and motivation.

e Dopamine also has arole to play in controlling memory, mood, sleep,
learning, concentration, movement and other body functions.

HO NH,

HO

Uses:

e Dopamine injection (Intropin) 1s used to treat certain conditions that occur
when you are in shock, which may be caused by heart attack, trauma,
surgery, heart failure, kidney failure, and other serious medical conditions.

e Dopamine may also be used for purposes not listed in this medication guide.
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Methyldopa:

HO

HO

Uses:

e This medication is used alone or with other medications to treat high blood
pressure (hypertension).

e Lowering high blood pressure helps prevent strokes, heart attacks, and
kidney problems. Methyldopa works by relaxing blood vessels so blood can
flow more easily.

Clonidine

e It is a medication that treats high blood pressure.
e It relaxes your blood vessels. This decreases blood pressure and the
amount of work your heart has to do.
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Dobutamine

HO

HO

Uses:

e Dobutamine is used short-term to treat cardiac decompensation due to

weakened heart muscle.
e Dobutamine is usually given after other heart medicines have been tried

without success.

Isoproterenol

HCI

Y

CHs

OH
HO

CHs;

HO

Uses:

e [t helps increase the strength of the heart muscle.
e [tisused to treat heart failure and heartbeat problems.
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OH ¥
HO\Q)\/N%
OH

Primarily used as a bronchodilator to treat asthma, chronic obstructive pulmonary
disease (COPD), and bronchospasm.

Terbutaline:

Uses:

Salbutamol*

e Similar to terbutaline, it 1s used primarily as a bronchodilator to relieve
bronchospasm in conditions like asthma and COPD.

OH

H
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Synthesis Of Salbutamol:
From: o-Hydroxy benzyl alcohol

HO + Cl—C—CH,Cl ———> HO

Chloro acetyl
HOH,C chloride HOH,C

o-Hydroxybenzyl
alcohol H,NC(CH,),

0
H
I

—CHzNHC(CH3)3 " HO C——CHZNHC(CP
MPYV reduction
HOHzc

0
|
|
H

Salbutamol

Bitolterol:

e Used as a bronchodilator 1n the treatment of asthma and COPD.
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Naphazoline:

Oxymetazoline:

N
)
N
H

Xylometazoline:

Naphazoline, Oxymetazoline, and Xylometazoline: These drugs are primarily
used as nasal decongestants to relieve nasal congestion due to colds, allergies, or

sinusitis. They work by constricting blood vessels in the nasal passages, reducing
swelling and congestion.
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Indirect acting agents:

e These are those drugs which act indirectly to increase the concentration of
neurotransmitter by causing its release.
These drugs produce their effects mainly by releasing nor-adrenaline from
storage sites.
These drugs do not themselves react with the receptor but causes release of
the neurotransmitter from storage sites which then interacts with receptors to
produce effects.

Hydroxyamphetamine:

HO

Mechanism of Action:

« Hydroxyamphetamine acts by stimulating the release of norepinephrine from
presynaptic sympathetic nerve terminals in the eye.

In patients with postganglionic Horner syndrome, there is a loss of
sympathetic innervation to the eye, resulting in a lack of response to
hydroxyamphetamine.

Uses: Hydroxyamphetamine is primarily used as a diagnostic agent in
ophthalmology. It is specifically used to help differentiate between pre- and
postganglionic Horner syndrome, a condition characterized by a
combination of ptosis (drooping of the upper eyelid), miosis (constriction of
the pupil), and anhidrosis (lack of sweating) on the affected side of the face.
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Pseudoephedrine

Uses:

e Pseudoephedrine 1s a sympathomimetic amine commonly used as a
decongestant to relieve nasal congestion due to conditions such as the
common cold, sinusitis, and allergic rhinitis.

e It works by constricting blood vessels in the nasal passages, reducing
swelling and congestion.

Propylhexedrine.

H
N\

Uses: Propylhexedrine 1s a nasal decongestant similar to pseudoephedrine, used for
the temporary relief of nasal congestion. It 1s commonly found in over-the-counter
nasal inhalers.

Mechanism of Action: Propylhexedrine acts as a sympathomimetic amine,
primarily by stimulating alpha-adrenergic receptors in the nasal mucosa. This
results in vasoconstriction and decreased nasal congestion, similar to the
mechanism of action of pseudoephedrine.
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Agents with mixed mechanism:

1. Ephedrine:

Uses: Ephedrine 1s a sympathomimetic amine with both direct and indirect
effects on adrenergic receptors.

It has been used for various purposes, including as a bronchodilator to treat
asthma and chronic obstructive pulmonary disease (COPD), as a
decongestant to relieve nasal congestion, and as a stimulant to promote
weight loss or enhance athletic performance.

o Mechanism of Action: Ephedrine acts by stimulating both alpha and
beta adrenergic receptors, leading to effects such as bronchodilation,
vasoconstriction, and increased heart rate and contractility. It also
promotes the release of norepinephrine from presynaptic nerve
terminals, enhancing sympathetic nervous system activity.
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2. Metaraminol:

HO

Uses: Metaraminol is a sympathomimetic amine primarily used as a
vasopressor agent to treat hypotension (low blood pressure) in
conditions such as shock, sepsis, or anesthesia-induced hypotension.

It 1s also used to manage certain types of orthostatic hypotension (a
drop in blood pressure upon standing).

Mechanism of Action: Metaraminol acts primarily by stimulating

alpha-adrenergic receptors in blood vessels, causing vasoconstriction
and thereby increasing blood pressure. It also has some beta-
adrenergic activity, which can lead to increased heart rate and
contractility. By increasing peripheral vascular resistance,
metaraminol helps to improve blood flow to vital organs and raise
blood pressure in hypotensive states.
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