


Drugs Acting on the Adrenergic
(Sympathetic) Nervous System
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e Transmission

Peripheral nesvous system

The motor nerves of the PNS have been classified into three subsystems: the somatic motor nervous system, the autonomic

motor nervous system, and the enteric nervous system.
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Adrenergic Neurotransmitters

Norepinephrine (NE) is the main adrenergic neurotransmitter.

It is liberated from the jpost-ganglionic sympathetic neurons jas a result

of sympathetic nerve stimulation.

Epinephrine (Adrenaline) is synthesized and stored in the |adrenal

medulla. Neurohormone.

OH OH
HO NH, HO NHCH,§

HO -
- Norepinephrine Epinephrine



Neurotransmitters

Chemical messengers Sec alcohol
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Neurotransmitters. Chemistry

OH

S[ZHJ acidic Prloparties lobes >/ « .O @

Norepinephrine

+ Slightly acidic functional group (aromatic OHs)

+ Basic functional group (aliphatic amine). >N ool bosic <o
pl\ S\U‘o\:fo‘\ P\—\ J\_\ loY\\?e —/:JS9(;L) >PKQ< pg

+ At physiological pH (7.4), NE and epinephrine exist in more thah 95% in

the cationic form in which the nitrogen is protonated.

OH

+
HO@)\/ NH,R
HO

R = H or CH;: Cationic form of Norepinephrine
and Epinephrine



Neurotransmitters. Biosynthesis
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From amino acid tyrosine
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+ Pathway controlled by regulation of tyrosine hydroxylase , s o IE Brelens 3 3 1)

+ Inhibited by noradrenaline - feedback control Tryseine hudetose N



Adrenergic Binding site: Drug-Receptor Interaction
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Stereochemistry of NE and Epi

d Thereis a chiral carbon.

L
d There are two optically active isomers: (-) and 8)

d (-) Epinephrine is more active than (+) Epinephrine. Why?

d Different binding
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d () isomer fits with receptor wia points of interaction,

more than that of (+).

d Hence, the (-) isomer has higher affinity and activity.
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Binding of (-) and (+) isomers
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The (-) isomer fits with receptor via points of interaction, more than that of (+).
Hence, the (-) isomer has higher binding affinity.

() isomer is more active than (+)



Adrenergic Receptors

Q By
Q Z :)1 : m
Sympathetic Q§ m §
neurone 56 g
58 \ Synaptic { o
Qd Clett \g

Neuronal Memberane (Uptake )

Two types of adrenoceptor (‘1 and B) Postganglionic sympathetic neuron,

i synaptic cleft and effector cell
Subtypes (o, anda; By, B,andp;)

Subtypes of subtypes (a.;, 0p 011p Gy Cog o)

G-protein coupled receptors — bindin s o JE U bincksy e <)) Aceners ic tplor
L)’L:é/( b,/wﬁ?j Sf/"ﬁ Ji 2l T /P(p}'of_J(/ A)[—- Y P s ¢« G- Dohen N

Signal transduction  —5 4. 5) csesenzgme N co dpSackiibion s &) & juny G- b))

. . . . Slafe) Hangluc Hon
o oyadrenoceptor: generates inositol triphosphate and diacylglycerol ~

o cop-adrenoceptor. :inhibits generation of cyclic AMP jsewrtion ass &/ = o Cyeric ATP

Neulon Neo\b C}“—é—"e_}@_ﬁ ATP N

o By B, and p;-adrenoceptors : generate cyclic AMP




Adrenergic Receptors (adrenoceptors)

Distribution and effects Pharmacology Class

o O O O

Receptors are distributed differently in different organs and tissues—> _ - . __

el AL
Receptor selective drugs act selectively at different organs and

tissues

Activating a.-adrenoreceptors generally {contracts |smooth muscle

(except gut = relaxation of GIT smooth muscle)
B,- Adrenoceptors predominate in the heart  H RY, Cot ; 2P

Activating B,-adrenoceptor contracts cardiac muscle

B,-Adrenoceptors predominate in the airways

. . - o L __\L s 92y
Activating §,-adrenoreceptors relaxes smooth muscle= 7, "=




Receptor activation

Pharmacology Class

The receptor activation may result in:

1. o, Adrenergic receptors: Vasoconstriction, relaxation of GIT smooth

muscle, salivary secretion and hepatic glycogenolysis.— ane phyloctic thadk aos

2. o, Adrenergic receptors (Auto-receptor): Inhibition of transmitter

release including NE from autonomic nerves, platelet aggregation.., ..

3. P~ Adrenergic receptors: Increase cardiac rate and force, relaxation of
GIT smooth muscle and lipolysis.— het blectt ISt Bypofensicn et

4,  B,- Adrenergic receptors: Bronchodilation, vasodilatation, relaxation of

visceral smooth muscle, hepatic glycogenolysis and muscle tremors.A oo >
2;/:_\,‘_:)b) “Sthma



Inactivation of Catecholamines .. ... ..
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1. Reuptake into the adrenergic nerve ending, stored into storage granules

until sympathetic nerve stimulation.

2. Enzymatic metabolism: Two principle enzymes involved in

Catecholamines metabolism:

a) ‘Monooxidase (MAO), acts via oxidative deamination of

catecholamines

b) Catechol-O-methyltransferase (COMT), methylates the meta hydroxyl

group of catecholamines.
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Adrenergic Drugs

» The drugs that act on the peripheral sites of the sympathetic nervous

system are collectively named adrenergic drugs.

» They act via either enhancing or inhibiting the sympathetic activity.

Sympathomimetic. Sympatholytic.
Adrenomimetics. antiadrenergic.
or adrenergic stimulants. or adrenergic-blocking agents.

Agonists. Antagonists.




Sympathomimetic Drugs

According to the mechanism of action, sympathetic drugs may be classified
into :
1. <Directacting Sympathomimetics. — recpres Jb 5,0 Lo 202 )
(interact directly with adrenergic receptors)
2. Indirect acting Sympathomimetics. - s> s Sl VE D ian &

[-Bs‘\’ Sanﬁ‘:kmh)lw le-uphie Ea _9] ré’(P)"of

(initiate the release of NEpi from adrenergic nerve terminal which
activate the receptor or inhibit its uptake mechanism)

3. Mixed function adrenergic agonists

(interact directly with the receptor and act indirectly by increasing the
conc. of Nepi at the receptor site)



Direct-Acting Sympathomimetics

>, &
Prototype of direct-acting sympathomimetics: Norepinephrine, epinephrine

<>,
and isoproterenol.

meta \ H, H,
They are phenylethylamine derivatives that contain @c -c\-\NHz
the appropriate substituents. 1 .

Para B
Also, they are Catecholamines. Phenylethylamine
xJﬂ\QHA N Jdas
@VV @J“ KJ)” r
NorEpmephrme Epmephrme Isoprenaling <.

M_

Norepinephrine and Epi arneurotransmitter and neurohormone.
Isoproterenol is a synthetic compound.



Catecholamines

wb B ﬂ ﬁ
aé’iw-....,a ”E?.,q-,.. 434

a a “.c a a .",

A. Chemical structure of catecholamines and affinity for c- and i-receptors

w b \_//Qi;lt%o“ -
o :’@P i Chemistry
\ ( A \ .
At . explains the
/neﬂfj Yo ois oY on B d'ﬁ
il o g Law, {H 0 @,L : | erencgs.
poer Naszpmp | M 1| isopropyl is
B hsa Yy d o~ i\ ! 14
\H “ ' (‘ma.\l ho - p\'\oth d/!urc?«?tmg
cc');@ 2 Lesisopisterenc\ I
a-Adrenoceptor e

p

Lody hydto phobic ~ Pocker wo,-p
50 plopyl onis ]SoPl‘ oferenc|  Jts

a=xs 215 Laty hdophobic g 1L

e Peck by 25 Van gof wbl V' xn

B AW splectve  oHsd



Epinephrine (Adrenaline) Kfp

Epinephrine (Adrenaline)
* Prototype.

+ Direct adrenergic agonist, due to the presence of the catechol OHs, the §-

OH and a secondary amine group.

 The (N) atom is a secondary amine with a methyl substituent, which
provides non selective adrenergic activity: both a- and p- activities.

+ Epinephrine has both o and p-effects. No selectivity (a and )

+ The amine function is affected by MAO.

+ Short duration of action
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Epinephrine (Adrenaline)

+ Because of the catechol nucleus, it is metabolically vulnerable; rapidly

S]Mcwq

affected by COMT. 2 o <y ha) aniscus Epehine 11 \ILs

1 H . . . sLA) ¢ 8 m_) AAAO 3 B
+ Short duration of action and oral inactivity. i e b3y

2 ol 5bif elicll Al s

+ Highly polar molecule: decreased penetration into the eye. ek .oy 2o tovze st 0 310
<) Pt

y';x\lz M7k Fon Sv 2) 2 hdery I 2

Because of the catechol nucleus, it is oxidized easily and darkens slowly on

exposure to air (chemical instability) due to formation of inactive qumone%(( pament }ueuij)
re 2o

Epinphiing ' _ b, 3L clas

] onk oX’o[urlJr'
Q_j D_j D\_j Thus, solutions are stabilized
HN HN N N adding  reducing

by

ch o _ chy agents as ascorbic acid.
Red pigment, Adrenochrome 4




Structural features mﬁu\m
HO

Epinephrine (Adrenaline)

There is a chiral carbon

There are 2 isomers

The levorotatory isomer of epinephrine is more active than other isomer.

So, the drug should be prepared as R(-) isomer.




Structural features e n

Shabilizing ysV @2ty
=24 HO
A

sesrdene ] Epinephrine (Adrenaline)

+ As adrug, epinephrine is available as HCI and bitartarate salts.

+ Qalts are of high degree of water solubility. — cbsecphion Jem e
Mole S}”aurf

__Bitartarate salt shows increased in vitro stability against alkaline media.
Al Mg Salt do )22 o) Lo Hel Xwye

H
OH HO \
] R OH O

"CH; :
1o N 0
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Structural features " ¢

HO
Epinephrine (Adrenaline)

At physiological pH (7.4), NE and Epi are found to exist in more than 95%
in the cationic form in which nitrogen is protonated.

Henderson-Hasselbalch equation

pKa of epinephrine = 8.55 OH

+
HOK)A/N%%
HO



Adrenaline. Uses

+ Adrenaline used for severe anaphy]actic shock

+ Vasoconstrictor in patient with hemorrhage.

Disadvantages

~S- fast acting, but short acting Short duration

~-unsuitable for long term medication _ _
) (rapid metabolism)

“cardiovascular side effects - 1 s 3xzy
X B « Not taken orally

+ Vasoconstrictor in nasal decongestion.

B

* Increase the activity of local anesthetics.

Lol
Imk Blaed
aunﬂ'
Epmephrme
Injection, , USP
& ,mo,ﬂm&l"“ T

WS s o < seleckis aL Y h\
< dall \§s AL asthwg N oo b 'z

* a limited use in case of bronchial asthma and
heart block —-

D



Modified structures of Epinephrine
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+ Epinephryl borate

+ Itis used in the treatment of * Dipivefrin

primary open angle glaucoma. + Ophthalmic for Glaucoma

+ Less irritant than epinephrine. + Less irritant than epinephrine



Dipivefrin o
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* |t is the pivalic acid prodrug of epinephrine, with higher lipophillic

S P}('q\ e ST

character so with better ocular penetration when used in glaucoma
+ Less irritant than epinephrine.

+ A Prodrug. It is converted to epinephrine by esterases in in the cornea

and anterior chamber.
0 OH
Il H OH
(H,C),C—C—-0 N_ H
CH; HO N,
¢ In vivo CH,
(H,C),c—C—-0 = 0 T 4+ 2(H;C);C—COOH

Esterase HO
Dipivefrin Epinephrine  Pivalic acid






