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Nervous system

Key:
= = Structure
= = Function

/

Sensory (afferent) division
= Somatic and visceral sensary nerve fibers
= Conducts impulses from receptors to
the CNS

Sympathetic division
= Mobilizes body systems during
activity (“fight or flight")

P a—

Parasympathetic division
=Conserves energy
*Promotes “housekeeping" functions
during rest

‘_

Autonomic nervous

= Visceral motor (involuntary)

¢ Conducts impulses from the
CNS to cardiac muscles,
smooth muscles, and glands

Peripheral Nervous System (PNS)
«Cranial nerves and spinal nerves
*Communication lines between the CNS

and the rest of the body

W

Motor (efferent) division
= Motor nerve fibers
* Conducts impulses from the CNS to
effectors (muscles and glands)
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Somatic nervous
sylem
= Somatic motor (voluntary)
* Conducts impulses from the
CNS to skeletal muscles

sytem (ANS)




Autonomic nervous system
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CNS = central nervous system; Pre = preganglionic; Post = postganglionic;
ACh = acetylcholine; N = nicotinic receptor; NE = norepinephrine; EPI = epinephrine;
D = dopamine; M, = muscarinic receptor; [} = f-adi ptor, a = « ptor;

D, = doj amineri ic receptor

Adrenal galds release adrenalin (epinephrin) and noradrenalin (norepinephrin) into
blood stream. Adrenergic receptor agonists and antagonists affects mainly receptors
for circulating A and NA
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Adrenergic neurotransmission
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Biosynthesis of neurotransmitters Dopamine, Noradrenaline (Norepinephrine) and
Adrenaline (Epinephrine)




Adrenergic receptor classification

3 gene families: alphal, alpha2 and beta. All families consists of 3 subtypes (similar to
each other)
together 9 different receptors with own genes on various chromozomes



Adrenergic
receptor

stimulation m@\ m@\ m@

e\oo

Receptors consists of 7 transmembrane loops and are connected with different G
proteins

Gq protein activates PLC (proteinkinase C) - leads to increase of intracelular Ca2+
Gs protein activates AC (adenylylcyclase) — leads to increased cAMP

Gi protein inhibits AC — leads to decrease of c AMP



Adrenergic receptor stimulation

[ ADRENOCEPTORS |
- ~
o= I I 1
o J [« | 21 B B, ]
— Vasoconstriction ::::Ielgitj!;;;rffne Tachycardia — Vasodilation
- Increased peripheral eeas Increased lipolysis i zt?iztgrda?cr;?:;‘:me
gessfance Inhibition of acetylcholine irencet yacarals] o e
| Increased blood pressure (G contractility
P TR ; — Increased muscle :
[~ Mydriasis i:nllli'r:“r’el}:ase Increased release and liver glycogenolysis
of renin I Increased release
= Increased closure of of glucagon
internal sphincter of
the bladder ' Relaxed uterine

smooth muscle

Tissue response. Most of mentioned effects are involved in clinical use of AR agonists
and antagonists



Adrenoceptor

Drug
Action

Agonists

Agonists

Agonists

Therapeutic Uses

Shock, hypotension
(to raise blood pressure)

Nasal decongestants
Antihypertensives
Glaucoma

Analgesia

Sedatives

Bronchodilators
(asthma and chronic obstructive
pulmonary disorder)

Glaucoma

Therapeutic use of agonists




Adrenergic receptor agonists

Direct acting agonists:
Specific
Non-specific

Indirect acting agonists

Direct agonists binds to receptor and activates it. Specifity can be focused to family or
particular subtype.
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Adrenergic receptor agonists

Structure-activity relationships

Rj3 B oL
Ry CH-CH-NH-R
Ry Ry

Derivatives or analogues of phenylethylamine. Two carbons between phenyl and
amino moiety is necessary.

The lesser degree of substitution on NH, the greatest selectivity for alpha; increase
volume of NH substituent adds the selectivity towards beta.

R1 substitution inhibits monoamino oxidase — prolonged action and facilitates
indirect mechanism of action

R3, R4: OH groups necessary for activation of both alpha and beta. No hydroxyl
increases central stimulation effect.
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Non-specific a and B agonists

Dopamine
OH low dosis: renal vasodilatation via
OH dopamine receptors
higher dosis: + cardial effect via
B, stimulation
high dosis: cardial effect and
peripheral vasoconstriction (a.,)

NH

low dosis activates only D receptor (indication: cardiovascular shock prevention)
medium dosis activates D + betal (i: cardiotonic)
high dosis activates D + betal + alphal (i: severe hypotension, acute hearth failure)
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Non-specific a and [ agonists

Dopamine synthesis:

CH30 HO

HBr
CH30 «Ocm —CHy—NH, —> HO-@CHz—CHa —NHz

19.4.3 11.3.1




Non-specific a and B agonists

Noradrenaline
OH mainly peripheral vasoconstrictor (o)
oy Dartial effect on B, receptors in higher
dosis

NH
HO 2

local decongescent
higher dosis i.v. severe hypotension, cardiovascular shock
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Non-specific a and [ agonists

Noradrenaline synthesis:

HO HO HO

o HCN OH H] OH
HO C-H ——> HO CH-CN —> HO CH—CHz2—NH2

11.1.3 11.1.4
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Non-specific a and B agonists

Adrenaline
OH in lower dosis effect on B receptors, in
oH  higher both o and 3
main effect is cardial stimulation and
H bronchodilation, only weak
HO N~cn, vasoconstriction

indication: cardiovascular shock, ventricle fibrilation; allergic shock
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Non-specific a and [ agonists

Adrenaline preparation:
isolation from adrenal glands tissue of livestock:

synthetic:

HO HO

CHgNH» H, / Raney—Ni
HO CO-CHy—Cl —— HO CO-CHp—NHCH; —— o

11.11

HO

OH
HO CH—CH, —NHCH3

11.1.2
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Non-specific a and B agonists

Ephedrine
OH (R,S configuration)
OH  dominant effect on a, less P,
H
N<
HO CH,
CH

Cardial effect, CNS stimulator, weak vasoconstrictor
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Non-specific a and [ agonists

Ephedrine synthesis:
CoHsNOs CHa Hl CHa CHal CHay
@—cm) —_— CH-CH-NO; ——» @—gH—CH—NHg R CH—CH-NHCHy
OH OH OH
11.3.2 11.3.3 11.3.4

1someres separated by salt crystallization
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Non-specific o agonists

Pseudoephedrine
OH (R.,R configuration)
OH " peroral decongscent
H
N
HO CH,
CH

vasoconstriction in mucosa reduces mucus production
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Non-specific a agonists

Methylergometrine
ergot alcaloid

uterotonic effect
H

O« _N
\(\CH3

OH
I

NS

W CHs

HN

indication: atonic uterus (womb), uterus bleeding
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Specific a; agonists

OH
HO NH.,

CHj

Metaraminol

strong vasoconstrictor
treatment of hypotension
during surgery,
cardivascular shock
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Specific a; agonists

H4C
\O

e
H,C

OH

NH,

CH,

Methoxamine

strong vasoconstrictor
treatment of hypotension
during surgery,
cardivascular shock
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Specific a; agonists

Midodrine
prodrug of deglymidodrine
CH system administration
o orthostatic hypotension
urinary incontinence

H.C.
3770

H
N
HO \W/A\NHZ
0

24



Specific a; agonists

Naphazoline
strong vasoconstrictor
local decongescent, ophthalmology
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Specific a; agonists

Naphazoline synthesis:

H
1

CoHsOH NH HoNCHoCHoNHo N

roween =2 (OronLocu, 0 (pon
N

O Q 11.1.35 O 11.1.36
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Specific a; agonists

Tetryzoline
local decongescent
synthesis similar to naphazoline

:
\
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Specific a; agonists

Tetrahydrozoline
local decongescent
synthesis similar to naphazoline

H
N
)
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Specific a; agonists

Oxymetazoline
local decongescent
prolonged effect

:
\

HO

Prolonged effect due to higher lipophilicity and tissue accumulation
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Specific a; agonists

Oxymetazoline synthesis:

HO  CHg HO  CHs HO  CHg

CHz0/ HCI NaCN HaNCHZCHoNH,
(CH3)304® 204> (CH3)aC —QCHﬁl —— (CHg)sC QCHQCN S

CHs 11.1.37 CHa 11.1.38 CHa
HO  CHg H
N
(CHa)C CHz —{ ]
N
11130 CHe
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Specific a; agonists

Xylometazoline
local decongescent
prolonged effect

:
-
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Specific a; agonists

Xylometazoline synthesis:

CHg CHs H
HoNCHoCHoNH2 N
(CHa)sC CH3CN (CH2)aC CHs —\(
N
CHg3 CHg
11.1.40
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Specific a; agonists

Tramazoline

local decongescent

prolonged effect

synthesis similar to naphazoline

;
-
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Specific a; agonists

Phenylephrine
local decongescent
medium-lenght effect
OH partial system effect
synthesis similar to adrenaline

H
N

HO CH,

Due to partial system effect cardiovascular diseses are contraindicated
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Specific a, agonists

Dexmedetomidine
central sedative & hypnotic effect
surgery — ,.artificial sleep*
| blood pressure and heart rate
NZ=N\

NH

=
H;C

CH;  CH,
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Specific a, and imidazoline I,

agonists
Rilmenidine
dominant I, effect, weak a,
long biological half-time (8-13h)
central antihypertensive agent
H
N

optimal lipophilicity to pass blood-brain barrier
indication: arterial hypertension
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Specific a, and imidazoline I,
agonists

Moxonidine

dominant I, effect, weak a,
biological half-time (2-3h)
central antihypertensive agent

c),CH3
H H
N
N™
DD,
= N
H,C N Cl
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Specific a, and imidazoline I,
agonists
Clonidine
ballanced I, and o, effect
biological half-time (2-3h)
central antihypertensive agent
Ophthalmology: glaucoma therapy
c central muscle relaxant
H
N\ N
M,
ClH

intravenous application in the case of hypertension crisis
local application in ophthalmology - reduces increased intraocular pressure
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Specific a, and imidazoline I,

agonists

Clonidine synthesis:

Cl Cl cl "
ﬁ CHal 1 HoNCHCHoNH,
—B—g— e
NHz + NH4SCN ~ —> NH-C-NHy —> NH-C-S-CHg
cl cl
“ 11.1.32 11.1.33
cl
N
NH—4 :I
N
Cl H

11.1.34
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Specific a, and imidazoline I,

agonists
Guanabenz, Guanfacine
Centrally active antihypertensives
Cl
NH _NH,
Cl
0 NH
N _NH _NH, Cl
NH
Cl
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Specific a, and imidazoline I,
agonists

Brimonidine
dominant a, effect
Ophthalmology: glaucoma therapy
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Specific a, and imidazoline I,
agonists

Apraclonidine
dominant a, effect
Ophthalmology: glaucoma therapy

Cl

HN Cl
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Specific a, and imidazoline I,
agonists

Tizanidine
dominant o, effect
Centrally active muscle relaxant

H
NH N
o
D

N—s

Cl
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Non-specific § agonists

Isoprenaline
effect on all B receptor subtypes
OH very short biological half-time
OH  (2min)
+ cardial effect and
bronchodilatation

H
N
HO \(

administered by continual i.v. infusion
indication: heart insufficiency after transplantation, bradycardia
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Non-specific § agonists

Isoprenaline synthesis:

HO HO

o CHg o CHa
HO C—CHo—Cl  + HQN-CH< — HO C—CHZ—NH—CH<
CHg CHj

11.1.7

HO

OH CHs
HO CH-CHz —NH—-CH{
CHs

11.1.8

Hz/ Pd—C
_—
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Non-specific § agonists

Dobutamine

dominant B, effect, weak 3,

very short biological half-time (1-2
min)

+ motropic effect

OH
OH

OH

ZT

CH

indication: hert failure
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Non-specific § agonists

Dobutamine synthesis:

CH30
o)
i Ho / Pd—C
CH30 CH2—CHp—NHz + CH30 @-cm —CHp—C-CHz — >
CHZ0
CHa HBr
CH30 CHp —CHy =NH=CH=CH,—=CH, OCH3z R —

11.1.30

HO

G
HO CHp —CHa —NH -CH—-GHp —CH; —@—cm

11.1.31
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Specific 3, agonists

Salbutamol (Albuterol US)
selective 3, agonist

OH oral and inhalatory way of
administration

OH bronchodilator

H
N
HO ﬁ/

indication: bronchial asthma, ChOPN (chronical obstructive pulmonary disease)
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Specific 3, agonists

Salbutamol synthesis:

CHxCgH5
CH300C CH500C H-N CH300C

0 0 C(CHa)3 o CHCeHs iy,
HO +CL-C-CHy—Br —» HO C-CHz-Br — > HO —C-CHz—N >
C(CH3)s

11.1.27 11.1.28
HOCH, HO-CH,
on CHCeHs M,/ Pd—C OH
HO CH—CHp—N - HO CH-CHp—NH—C(CHa)
11.1.20 C(CHala 11.1.26
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Specific 3, agonists

Pirbuterol
pyridine analogue

o only inhalatory way of

N oH administration

_~N

CHj
NH | CHj
HO
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Specific 3, agonists

Terbutaline

selective B3, agonist

oral and inhalatory way of
OH administration

bronchodilator

OH

HO

b=
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Specific 3, agonists

Terbutaline synthesis:

CHaCeHs
CgHsCH20 CgHsCH0 H-N
(o] (o] C(CH3)3
i Brp 1
C—CHg — C-CHy—Br ——————
CgHsCH20 CgHsCH20 11.1.12
CgH5CH20 HO .
o CHyCgHs Hy/ Pd—C i
C-CHy—N — CH-CHp —NH—C(CHg)3
C(CHg)3

CgHsCHL0 11.1.13 HO 11114




Specific 3, agonists
Fenoterol
selective P, agonist
HO OH only inhalatory way of

administration
bronchodilator

H

N

HO
CH
’ OH

p.o. administration is not possible due to partial system effect via betal activation
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Specific 3, agonists

Fenoterol synthesis:

n Q CHy—CgHs
CHz—C—0 o CH3—C—0 H—N—qH—CHg—Q—OCHg
i Bry ? CHs
C-CH; —5% C—CHgzBr
9 o]
1
CHz—C—0 CH3—C—0 23.3.12
9
CHa—C—0 1. Hel H-0
2 GHz—CeHs 2.Hy/Pd—C Q H HEr
c~CH2~N-clH—CH2—©—oc:H3 —_— c—CHQ—N—gH—CH2—©—00H3 =0
I CHj CHj
CH;—C—0 233.13 H-0 233,14
H-0 H—-0
2 H NaBH, ¢ 0
C—CHa—N—CH~CHj OH —» CH—CHz—N—CH—CHy OH
CHs CHs
H-0 23.3.15 H-0 23.3.16
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Specific 3, agonists

OH

H
N
HO

Salmeterol

selective [3, agonist
only inhalatory way of
administration

OH long effect (12h)

g A
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Specific 3, agonists

Formoterol
OH - i
H selective B, agonist
NYO only inhalatory way of
administration
H long effect (12h)
H
N
HO
CH3 /CH3

O
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Specific 3, agonists

Procaterol
OH selective B3, agonist
only peroral way of
administration
= long effect (12h)

long-term therapy
HO \(

ZT
@)

ZT

long term p.o. application for prevention of bronchial asthma symptoms
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Specific 3, agonists

Procaterol synthesis:

B9
" CoHs—CH—C
CaH5—CH—C—CI/AICI3 2ns (CHa)aCH-NH
=z | Br — | 32 2
o7 07N
H OH H OH
23323
(CHg)zCH—I\llH o (CHG)ZCH"‘l‘H b
1"
CoHs—CH—C CoH5—CH—C—H
z NaBH, = |
| —
Sy o u
H OH OH
23.3.25
233.24
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Specific 3, agonists

Cl

H
N
HO

Clenbuterol
selective B, agonist
only peroral way of administration

Cl long effect (14h)

long-term therapy

\]<
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Specific 3, agonists HaC

)

Indacaterol
selective P, agonist
orally once a day CH,
very long effect (24h) HN
HO
07 N
H
OH

60



e —————————————————————
Specific 3, agonists

Hexoprenalin
selective P, agonist
only intravenous way of

OH administration
OH short effect (30min)
relaxation of uterus
OH
H
N\/\/\/\
HO N OH
H

OH

bronchodilation is weak
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Specific ;5 agonists

Mirabegron
first on market (2012)
therapy of overactive bladder (OAB)

OH H NH,
N
@JV\/\CL P
)J\A/S
N
H

highly selective: only weak cardiovascular side effects, no bronchial side efect
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Indirect acting adrenergic receptor

agonists

* stimulation of NA release from vesicles
or inhibition of NA reuptake

* psychic stimulants

* Amphetamine and analogues used as

anorectics (Antiobesity drugs lecture)

* Reuptake inhibitors and MAO inhibitors used as
antidepressants (CNS agents lecture)
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Indirect acting adrenergic receptor

agonists

Methylphenidate

* NA and dopamine reuptake inhibitor

+ Activation of reticular system in brain

* Therapy of ADHD (attention-deficit hyperactivity
disorder) in children

* Therapy of narcolepsia in adults

* In modern therapy 1s used R, R-isomer
(dexmethylphenidate) which is much more potent
than racemate

ADHD - retarded dosage forms once a day
narcolepsia — non-retarded dosage forms 2-3x day
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Indirect acting adrenergic receptor
agonists
Dexmethylphenidate
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Indirect acting adrenergic receptor
agonists

Modafinyl
* Incresase o, activity via unknown mechanism
* Therapy of narcolepsy

S/\H/NHz
I
O O 0

increases motoric activity and wakefulness
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Indirect acting adrenergic receptor
agonists

Modafinyl synthesis
Q OH 8 O S._.NH
H ZNJLNH A \K{ HBr
O 48% HBr O .
IV

O

Cl NH leaOH

\m NH,
S
<30%H,0,
~—RcoH —
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Indirect acting adrenergic receptor
agonists

Atomoxetine
* NA reuptake inhibitor
* Therapy of ADHD

* Only R-isomer active HSCj@
O
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Indirect acting adrenergic receptor

agonists

Duloxetine
* NA and 5HT reuptake inhibitor, weak dopamine
reuptake inhibitor
* Therapy of depression,
stress urinary incontinence,
diabetic neuropathy
* Only S-1somer active

antidepressive agent, diabetic neuropathy 60mg 1x a day
stress urinary incontinence 40mg 2x a day
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Indirect acting adrenergic receptor
agonists
Duloxetine
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