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ADRENERGICI & ANTIADRENERGICI

Parte |

Confidential and Property of ©2005 Molecular Modeling Section
M Dept. Pharmaceutical and Pharmacological SciencésUniversity of Padova- Italy

S.MORO'i CFTII Adrenergic. Part 1




) Mi ripeto ancora é la piu importante per noi!

NON CONFONDEREMO MAI LA
CALCOLATRICE CON LE C/FRE CHE
ESSA PRODUCE!!
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0. Propedeutic 8

NEUROTRANSMITTERS R

« Endogenous opiates
« Substance P
‘ » Cholecystokinin
— Neuropeptides * Insulin
. * Vasopressin

« More than 40 others

credits: https://slideplayer.com/slide/7815788/
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1. Nerve Transmission
Adrenergic nervous system

BODY TISSUE/ORGAN SYMPATHETIC RESPONSE* PARASYMPATHETIC RESPONSE*
gﬂ :
Eye L oY ‘(} Dilates pupils Constricts pupils

Constricts bronchioles '

Dilates bronchioles and in_t_:l'eases SECr_etionS

Increases heart rate Decreases heart rate

Constricts blood vessels Dilates blood vessels
Relaxes smooth muscles Increases peristalsis

of gastrointestinal tract
Relaxes bladder muscle Constricts bladder

Relaxes uterine muscle

Salivary gland @ Increases salivation

*The sympathetic and parasympathstic nervous systems have opposite responsas on body tissues and organs.
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1. Nerve Transmission
Adrenergic nervous system

Homeostasis is a dynamic balance
between the autonomic branches.

Rest-and-digest: Fight-or-flight:
Parasympathetic Sympathetic activity
activity dominates. dominates
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¥ Locus coeruleus é and fear learning !

SV
AN

}. L
\ )
~ A Scary Experience

Thalamus

_J

-

s,

Orbitofrontal o [
* -

cortex o=

Amygdala &
Hippocampus /
Locus

CDBFUIGUS

Locus Coeruleus

Nucleus
tractus

Vagus solitarius

nerve

It turns out that the neural cells of the /ocus coeruleus are blue
because they make and release a specific kind of chemical signal,
Oor neurotransmitter, called noradrenaline . Noradrenaline iIs a
stress signal, released by the locus coeruleus when an animal is

experiencing fear and stress .

credits : http://sith.hms.harvard.edu/flash/2018/mysterious -fear-learner -locus -coeruleus/
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Flight response é

Physical Indications of
Fight or Flight Response

pale or flushed skin

)

(
i rapid heart beat

dilated pupils

Bling and breathing

credits : lllustration by Joshua Seong. © Verywell , 2018

Confidential and Property of ©2005 Molecular Modeling Section
M Dept. Pharmaceutical and Pharmacological Sciencé&sUniversity of Padova- Italy

S.MORO i CFTII Adrenergic. Part 1




Fight or Flight response é

FIGHT OR FLIGHT RESPONSE RESULTING SYMPTOMS

Mind and body set on high alert Sense of danger, impending doom,
watching out for signs of danger. m—- Agitation - uneasiness - can't relax
Rapid breathing helps to Dizziness - Lightheadedness -

divert blood to vital organs Hyperventilation

‘Tunnel Vision' - Peripheral vision Eye strain - Fear of going blind

is diminished so that sight is . _" ( l l\ Blurred vision / spots in front
centrally focused (on any danger) 4 of eyes - Sensitivity to light
Pupils of the eyes widen to let U Feelings of unreality
in more light.

Adrenaline increases heart _ ‘/-/\ Rapid heart beat -
rate sending blood to ' Palpitations - Flutters - Feeling

major muscle groups - of 'skipped’ or ‘missed’ beats.
to prepare for action. Tight chest - Choking sensation

Increase in sweat so that

the body does not overheat. \

Sweating {even in cold)
Hot and cold flushes

Stomach produces extra acid
and digestive juices. Muscle
action increases to quickly
digest and eliminate food

Frequently needing toilet
Nausea ‘Butterflies’
Churning stomach Acidity
Indigestion - Diarrhoea

Muscle tension - Shaking
Stiffness Trembling -

\ Jelly legs” - Twitching
A

Muscles tense to prepare you
for a quick departure and to
make the body more resilient

to attack. Even severe pain at times.
-
. . T T e
Blood vessels to skin constricted Cold clammy hands - ‘Pins and
reducing any potential blood loss needles’ - Tingling sensations
especially in hands and feet. > or numbness in hands and feet

credits : https://cbt4panic.org/the -fight -or-flight -response -symptoms/
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2. Neurotransmitters

Catecholamines before starting...

HO

HO

cathecol amine
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2. Neurotransmitters

Dopamine, Noradrenaline (Norepinephrine) and Adrenaline
(Epinephrine) :

|
HO N
“H
HO Dopamine
4-(2-aminoethyl)benzene-1,2-diol
HO H
| HO
0 LA, 7
HO N
* “CH,
HO Noradrenaline HO Adrenaline
4-[(1 R)-2-amino -1-hydroxyethyllbenzene -1,2-dio/ (R)-4-(1-hydroxy -2-(methylamino )ethyl )benzene -1,2-dio/

(nor : normal, no R)
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3. Transmission process

Dopaminergic and Noradrenergic Synapses

Postsynaptic cell
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3. Transmission process

Synthesis and Release

Theaminoacidtyrosineis transportednto the sympatheticerveaxon

Tyrosine (Tyr) is convertedto DOPA by tyrosine hydroxylase(rate-limiting _step
for NE synthesi3.

DOPAIs convertedo dopamingDA) by DOPAdecarboxylase

Dopamineis transportednto vesiclesthen convertedto norepinephringNE) by
dopamineb-hydroxylase(DBH); transportinto the vesiclecan by blockedby the
drugreserpine

An actionpotentialtravelingdown the axondepolarizegshe membraneand causes
calciumto entertheaxon

Increasedintracellular calcium causesthe vesicles to migrate to the axonal
membranendfusewith the membranewhich permitsthe NE to diffuse out of the
vesicleinto the extracellular(junctiona) space DBH, anddependingon the nerve
othersecondaryneurotransmitter.g., ATP), is release@longwith the NE.

The NE binds to the postjunctionalreceptorand stimulatesthe effector organ
response

M Dept. Pharmaceutical and Pharmacological SciencésUniversity of Padova- Italy
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3. Transmission process

Biosynthesis:

noradrrenaline -
CMS transmitter

phenylethanclamine
M-methyl transferase

OH
H

HO N
MCH3

HO

adrenaline - CNS transmitter
and secreted from the adrenals

NH> tyrosine HO NH>
hydroxylase
=
hydroxylation
HO (9] OH is rate-limiting step HO 0 OH
. ; . DOPA
L-tyrosine - amino acid . .
[;;'EECI.:I’SDI' thl.a'lnedl (dihydroxyphenylalanine}
from diet
dopamine
decarboxylase
OH
dopami [T :
HO NHE [ hygﬁnrglyﬂ:sﬂ ! HO NHz:
HO 'HO 5

_________________________

dopamine - CNS transmitter
(the dotted box shows the
3, 4-dihydroxyphenylethylamine
parent present in all
catecholamines)
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3. Transmission process

mmmaiim mummiirm o mmal A AdluAamamaviaii A M it ata A
Dop

OH
HO NH, e o 0
HO HO OH

Dopamine
(3, d-dihydroxyphenethylamine) Ascorbate

OH OH
HO 0
Dopamine beta-hydroxylase HO NH, 0
e H. _H
+ + "<
HO 0 0

Moradrenaline Dehydroascorbate

It is tl -molecule
Nneurotiansiuers uidt IS Hienuidiie-Duui U, HidKINy nuuepinephrine
the only known transmitter synthesized inside vesicles It is
expressedin noradrenergic nerve terminals of the central and
peripheral nervous systems,as well as in chromaffin cells of the
adrenal medulla.
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3. Transmission process
ﬂ

Biosynthesis: Jf“‘j/ % Tyresine

HO ;fJ ki w?sines-mh;%ooxvf]enase
tyrosine roxylase)

optorin BH

tetrahydrobiopterin

0
HO _
L-Dopa
aromatic L-amino acid

*'{‘U NH’{
HO
decarboxylase
pynidoxal phosphate Vlt B6
HO_ OH
e

HO . o
\\\Y/ - \/NH.;
| Dopamine
/’
HO™ T dopamine beta-hydroxylase
e ascorbate .
HO o /' NH, VIt-C HO
N TN . 3 O
T N . Ho. 20 o
| Noradrenaline
N —
W phenylethanolamine- H H
N-methyltransferase
S-adenosylmethionine

NHCH,;
Adrenaline

HO
\_,./:}\
J

HO
S.MORO i CFTIl Adrenergic. Part 1
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31 open a small parenthesis .. on the
4 transporters!!

Axon
Na+

ana Metymm
\\bw H+ Reserpine Reserpine

recepic = -__'-',.. Prasynaplic CH,0

\ o ( 4 g ) Cocain C i
Bretylium, - > [ ; i Qﬁce- Ocal ne
Guane:ﬂdine ‘, __) l L ‘;@ -— mmmnls Q CHs
o e H:C—N o
¥ o : NS
SNAPs
l TTT———— Ditusion &
,-f""—’.-’

— - -y—W
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OCH, :

Rauwolfia serpentina
OCH35 OCH, P
tEudesmic aC|d

In 1955 Bernard Brodie a researcheat the NIMH, reported
that reserping an herb usedto treat mentalillness in India,
depleted serotonin in the brain Reserpinealso made the
laboratoryrabbitssluggish,andthusit appearedhatlowering
serotoninn thebraincouldaffectmood

Reserpine is an indole alkaloid that is able to deplete
catecholamingNA, DA, AD) and serotonin(5-HT) in both
centralandperipherahervoussystemandsomeothersites

Bernard Brodie
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OCH3 ; y L 4 , :
: Rauwolfia serpentina

: OCH,
Eudesmlc aC|d

Reserpineis anindole alkaloid antihypertensiveand antipsychoticdrug that hasbeenusedfor
the controlof high blood pressureandfor therelief of psychoticsymptomsalthoughbecausef the
developmenof betterdrugsfor thesepurposesandbecaus®f its numeroussideeffects,it is rarely
usedtoday

Reserpinas anreversibleinhibitor of vesicularmonoaminetransporter (VMAT) . This normally
transportsfree norepinephringserotonin,and dopaminefrom the cytoplasmof the presynapti
nerveterminalinto storagevesiclesfor subsequenteleasento the synapticcleft ("exocytosis);
unprotectecheurotransmitterare metabolizedoy MAO (aswell asby COMT) in the cytoplasn
andthereforeneverreachthesynapse
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. ) Reserpine é P

. - "
e y
- R \}

L)
% k \ \i //'T- \kﬁ
) v Gy

This N is sterically hindered = -
and inserted in a hydrophobic skeleton!!!

§-01 Each tabiat contains: Reserpine 0.25 mg
- Usual Dosage: See package inseri.

‘Plne Store at 200-250C (B80-TTOF) {see ISP mmmmm—
Controlled Room Temperatune), Prenisn] S—
P from moisture. This ks a bulk package.
rs; Dispanse contents with a chid-resstant
clogure (as required) and in a tight,
light-resistant container as defined in
the USP. KEEP TIGHTLY CLOSED.
KEEP THIS AND ALL DRUGS OQUT

OF THE REACH OF CHILDREN.

Sandoz Inc., Princaton, MJ 08540

0185-0134-01 4

IH\IIIII\I\IIII\ I |

N
3

QL 08-2007M

log P = 3.2,
pKa =6.6
PSA=118 &
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% Th|§_N IS _stelrl_cally h|rl1derec! |

Quinolizidine
log P =2.0
pKa =7.0
Solubility: C
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3. Transmission process

Removal and Metabolism

1. Most (~90%) of the NE is transportedackinto the nerveterminal by
a neuronalreuptaketransportsystem This transportens blocked by
cocaing therefore,cocaineincreasegunctional NE concentrationpy
blocking its reuptakeand subsequentmetabolism (This is a majot
mechanisnmby which cocaine stimulatescardiac function and raises
bloodpressure

2. Someof thejunctionalNE diffusesinto capillariesandis carriedout of
the tissue by the circulation Therefore,high levels of sympatheti
activationin the body increasehe plasmaconcentratiorof NE andits
metabolites

3. Some of the junctional NE is metabolizedwithin the extracellula
spacebeforereachinghecapillaries

4. A smallamountof NE (~5%) Is takenup by the postjunctionalissue
(termed'extraneuronaliptake")andmetabolized
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Lipophilicity : logP =2.3
Molecular weight: 303.3
Polar surface area (PSA): @56 A2

Hydrogen bonding (O + N): 5
Charge: pKa =8.6

Cocaine(coca)is a stimulantof the central nervous
system, an appetite suppressant,and a topical
anesthetic Specifically, it is a serotonin
norepinephring dopamine reuptake inhibitor (also
known asa triple reuptakenhibitor (TRI) in ratswith
ratios of about serotonindopamine = 2.3,
serotoninnorepinephrine = 2:5), which mediates
functionality of these neurotransmitters as an
exogenouscatecholaminetransporter ligand It is
addicting becausef theway it affectsthe mesolimbic
reward pathway
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UBER COCA.
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f%
&
bos St 0l
WIEN, 1851
VEELAG VoX MoUITA PEXLES

The effects of cocaine are described by Freud as follows :

cheerfulness , stable euphoria , which is no different from that experienced by a
person in good health € There is an increase in self-control and greater vitality ,
ability to work € Physical and mental work is done without feeling tired ... And this
without having the undesirable effects that, for example , alcohol causes ...
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Dopamine, = Noradrenaline and Serotonine
transporters : lights and shadows in medchem

NHz

HO.

Tryntephan

L
5-H,.ﬂ$a~_;='_mrqim -
8HT

{ 7
E-HT. ot
| ¥
A MMM MMM
DA recepions F 5-HT mecephors

activation of reward circuits and Its blologlc_al function is co_r_nplex and multlfageted,
modulating mood, cognition, reward, learning,

psychological addiction memory, and numerous physiological processes such
as vomiting and vasoconstriction.

Credits : Torres, G., Gainetdinov , R. & Caron, M. Plasma membrane monoamine transporters : structure , regulation and function . Nat
Rev Neurosci 4, 13i 25 (2003).
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3 Cocaine é

Cocaine is metabolized, primarily in the liver, with only about 1% excrete
unchangedn the urine. The metabolisms dominatedoy hydrolytic estercleavagesc
the eliminatedmetabolitesconsistmostly of benzoylecgoninethe major metabolite
andothersignificantmetabolitesn lesseramountssuchasecgoninemethylesteranc

ecgonine
Q O/CH3 Q O/H
_N —
HiC %AW/@ |:> HiC %ﬁ/@ benzoylecgonine
O ’ O

Q
HsC—N OH

ecgonine
OH
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& _ 1 Cocaine é

fn -
-y

Cocaine(coca)is addicting becausef
theway it affectsthe mesolimbicreward
pathway

HaC—N 0/

O

Dopamine Pathways Serotonin Pathways
3 Heroin'_
Frontal Striatum
cortex
Substantia TobEmEs .Cocaine
nigra D . Street don
e .
p 2
e Cannabis,~
d
e
n 17
Nucleus C s
accumbens VTA e nabolic steroids
Functions . .
-Reward (motivation) Ippocampus FI-IL:I;OHS
-Pleasure, et!phOI‘IEI Raphe nuclei ) n:;o 0 |
+Motor function ry 0 1 - -
(fine tuning) processing .
-Compulsion -Sleep Physical Harm
+Cognition

-Perseveration

TheLancet369, 10471053, 2007
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4 ) The eyes d o nli@!t!

Parasympathetic fibers
of occulomotor nerve (111}

Sympathetic
fibers

\ Superior
cervical

Opiods, Benzodiazapines, and Barbiturates cause Hallucinogens & Stimulants are known to
pupil constriction. cause pupil dilation.

| Spinal cord . —
Cholinergic stimulation Opioids: Percocet, vicodin, oxycodone, heroin. Hallucinogens: Pot, LSD [Mushrooms, Acid]
of pupiilary constrictor Benzodiazepines alleviate anxiety. [Xanax, valium] Stimulanis: Cocaine, crack, crystal meth.
Barbiturates also called tranquilizers or sedatives. Antidepressants can also cause dilation.
Adrenergic

stimulation of
pupillary dilator

Sympathetic Parasympathetic
(adrenergic) effect (cholinergic) effect Q
CHs
H30 —N 0/
O —
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3. Transmission process

Removal and Metabolism

MAQO: monoamino oxidase

COMT: catechol-O-methyl-transferase
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3. Transmission process

MAQO: monoamino oxidase

HO

HO

HO
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3. Transmission process

HO

HO Ne E

HO HO

H

3,4-didydroxyphenylglycoaldehyde
(DOPGAL)
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3. Transmission process

In humansthere are two typesof MAO : MAO -A and MAO -B.
Both are found in neuronsand astroglia.

Outside the central nervoussystem
MAQO -A is alsofound in the liver, gastrointestinal tract, and placenta
MAQO -B is mostly found in blood platelets

MAO-A preferentially deaminates norepinephrine (noradrenaline),
epinephrine (adrenaline), serotonin, and dopamine (dopamine is equally
deaminatedby MAO -A and MAO -B).
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3. Transmission process

Monoamine oxidases(MAQO) are a family of enzymesthat catalyzethe oxidation
of monoamines

R
H,C N _N._0
X LY FAD
H,C NT ]
»
| + 0,

RN > R

| | H H
‘ : O
HBCIIN:EN(ﬁO

A * I FADH,

They are found bound to the outer membrane
of mitochondria.

Human MAO -A: PDB code 2BXS
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3. Transmission process

HO 3,4-didydroxyphenylglycoaldehyde

(DOPGAL)
HO O
H
HO
e |
: ]
HO HO
HO OH HO O
H
H OH
HO HO
3,4-dihydroxyphenylethylene glycol 3,4-dihydroxymandelic acid
(DOPEG) (DOMA)
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3. Transmission process

Removal and Metabolism

COMT: catechotO-methyl-transferase
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3. Transmission process

H |
| CH4O

N
O .
COMT

Normetanephrine

> HO

HO IT' |
CH,O N
O
| ;@J\/N\R i "R
HO HO

Metanephrine

HO

HO
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3. Transmission process

HO N CH,O N

HO HO

COMT is primarily an extraneuronalenzyme,but some of the enzymemay also be
localizedintra-neuronallyVice versaCOMT residegpredominatelyn glia cells

Adrenal chromaffin cells expressabundantCOMT, which explains why all plasm
metanephrin@erivesfrom O-methylationof CA within the adrenalmedulla This fact is
usedin the detectionof pheochromocytomadhe tumorthatsynthesize€£A andexpresse
COMT. The enzymeutilizes Sadenosylmethionin@s a cofactor COMT metabolize
circulatingcatecholsnainly in theliver andkidney,
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3. Transmission process

CatecholO-methyl transferase
Introduces a methyl group to the
catecholamine, which is donated by $
adenosylmethionine (SAM).

0]
H3N
OH NH>
N XN
/4
£
H3C o N N

OH OH

Human COMT: PDB code 3BWY

SAM

Any compoundhaving a catecholstructure, like catecholestrogensnd catechot containing
flavonoids, are substratesof COMT.

Levodopathe precursor of catecholaminesis an important substrate of COMT.
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‘Do you have any great pharmaceutical
ety Intuition?

(@7
\j HQ

|
| COMT CH.O N

HO N 3
R :> R

HO HO

HO

ACTIVE INACTIVE
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4. Adrenergic receptors

Receptor types

The adrenergic receptors (or adrenoceptors)are a classof G protein
coupledreceptorgFamily A).

There are two main groups of adrenergic
receptors,Uand b with severalsubtypes

U receptorshavethe subtypesUL (a Gg coupled
receptoriandU2 (a Gi coupledreceptor)

b receptorshavethe subtypeshl, b2 and b3. All FREESEEEE:
threeare linked to Gs proteins(althoughb2 also ¥ A
coupledo Gi) |
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4. Adrenergic receptors

a adrenergic receptors

A They are subdivided into two types

a, found in smoothmuscle,heart, and liver, with effectsincluding
vasoconstriction, intestinal relaxation, uterine contraction and
pupillary dilation;

a,, found in platelets, vascular smooth muscle,nerve termini, and
pancreatic islets, with effects including platelet aggregation,
vasoconstriction,and inhibition of norepinephrinereleaseand of
Insulin secretion
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4. Adrenergic receptors

b adrenergic receptors

A There are three known types of beta receptor, designatedDd,,
b, and D,.

D,-Adrenergic receptorsare locatedmainly in the heart;

D,-Adrenergic receptors are located mainly in the lungs,
gastrointestinal tract, liver, uterus, vascular smooth muscle
and skeletalmuscle

D;-receptorsare locatedin fat cells
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4. Adrenergic receptors

[ Epinephrine ] [Norepinephrine]::>
Systemic Local
circulation release

(7
Metaoprolol Dobutamine Phentolamine Phenylephrine
Yohimbine Clonidine Propranolol || Terpytaline
v/ v
o2-AR p1-AR p2-AR al-AR

Yohimbine

o2-AR

Clonidine
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4. adrenergic

receptors (classification)

(A) Adrenergic Receptors
| Apha1 | Alpha-2 Beta-1 - Beta-2
* \asoconstriction * Inhibits Norepinephrine »  THeart Rate + Vasodilation
* T Peripheral Resistance Release « TLlipolysis + | Peripheral Resistance
(blood flow) + Inhibits Acetylcholine «  TMyocardial « Bronchodilation
* T Blood Pressure Release Contractility + T Glycogenolysis
+  Mydriasis » Inhibits Insulin «  TRenin (muscle, liver)
+ T Closure Bladder Release + T Glucagon Release
Sphincters + Relaxes Uterine Smooth
Muscle
(E) Alpha-1 Alpha-2 Beta-1 Eeta-2
NE > E E > NE [ E = NE E => NE

NE = Norepinephrine; E = Epinephrine
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4. Adrenergic receptors
Anatomy of artery, vein and caplillary vessels:

Endothelium Basement
membrane

Endothelium

Endothelium

T | B
2 E,T:;f Smooth —/
Capillary muscle LN\ S
—— Connective "~ Connective — .- =
tissue N

tissue
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4. Adrenergic receptors

Adrenergic vascular control:

Vasoconstriction
mediated by oy

Sympathetic ___Norepinephrine
post-ganglionic nerve

a, stimulation B, stimulation

Circulating epinephrine — Vasodilation
(from adrenal medulla)  mediated by
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4. Adrenergic receptors

™1

Human b ladrenergic receptors
In complex with Adrenaline
(model by MMS)

S.MORO'i CFTII Adrenergic. Part 1
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View from the extracellular environment:

P ‘ F_S— Ser228

\\
L
A\

Tl A ‘_____..Serz 32
-
/
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5. Adrenergic agonists

Advantages
A Natural messenger

HO N
* “CH, ;>
2’
HO Adrenaline logP =-1.37
(R)-4-(1-hydroxy -2-(methylamino )ethyl )benzene -1,2-djol pKa = 8.6

A Easily synthesised

m*&%:&v%m“mﬁ;o“m
g , N
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' Do you remember? Thanks, Zorro96!!

Resolution of theenantiomers
HO HO

H H
o |
HO N\ 1) L(+)-Tartaric acid HO N
CHs " \CHS
2) NH,OH, aq
HO HO
(R,S)-Adrenaline R(-)-Adrenaline
Enantioselectivereduction: HO H
I
© H HO N
I H, (10-40 atm) CH
HO N\ > 3
CH3 chiral cat
HO |
HO R(-)-Adrenaline

921T199% vyield
9771 99 e 9 %
TON up to 100,000
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5. Adrenergic agonists

Cardiac arrest: resuscitation!!

This is the first drug given in all causesof cardiac
arrestandshouldbereadilyavailablein all clinical areas —
Adrenaline concentratesthe blood around the vital —
organs specificallythe brainandthe heart,by peripheral = _ . ... = ==
vasoconstrictionThesearetheorgansthatmustcontinue . ‘ HEH;unephrlﬂE
to receive blood to increasethe chancesof survival ; !“’.‘E'E.E‘I?mmmu B,
following cardiac arrest Adrenaline also strengthen “ e
cardiaccontractionsas it stimulatesthe cardiacmuscle *
This furtherincreaseshe amountof blood circulatingto
the vital organs,and also increaseshe chanceof the

heartreturningto a normalrhythm
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5. Adrenergic agonists
5.1 Epinephrine as an agonist: therapeutic uses

Cardiac arrest: resuscitation!!

Cardiac ANS
Nerve Terminal

Adrenergic nervous system (ANS) input to the heart and its regulation (see text for details ). ACh, acetylcholine ; Aldo,
aldosterone ; AR, adrenergic receptor ; G;,, inhibitory or other G protein ; G, stimulatory G protein ; MR, mineralocorticoid
receptor ; NE, norepinephrine ; Epi, epinephrine ; NET, norepinephrine transporter (illustration credit : Ben Smith
https ://www .ahajournals .org/doi/full/ 10.1161 /circresaha .113.300308 ).
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5. Adrenergic agonists

5.1 Epinephrine as an agonist: therapeutic uses

Shockand anaphylaxis

Due to its vasoconstrictiveeffects,adrenalinas the drug of choicefor treating
anaphylaxis It is also useful in treating sepsis Allergy patients undergoing
Immunotherapymay receive an adrenalinerinse before the allergen extract is
administeredthusreducingtheimmuneresponseéo the administeredllergen It is
alsousedasa bronchodilatorfor asthmaif specificb a g ocare unavaikbleor
Ineffective In casesof shock,epinephrinehasbeenusedto restoreand maintain
sufficientbloodpressureandensureadequatdloodflow to vital organs

EpiPen ® autoinjector
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5. Adrenergic agonists
5.1 Epinephrine as an agonist: therapeutic uses

Anaphylactic Reaction |

A -k).f‘.%* :}: IgE bind to the surface

A "" st ® -;-5 of mast cell or basophil
W= L "-‘i::

IgE h
j-‘ ‘.-':.'- el [ ] -
..-!f_ L :..' ':. -. (L :_i
E‘H éﬁ o — “'k # -, & "l-"...l-“‘n.‘\.:'

#

Antigen/ \"'\-n..; ‘{ -
Allergen B-cell f i
!
Antigen triggers production of IgE antidodies
L]
T P
‘:i‘:t;' . 1.1 [ 3
L :;l I:... .:'I"..id_
h | ] v E . -I.'.':l_ s
i, IE‘ I:I._..-i ..: T et ®- .
i w— = e _astt
8 - e s’ %ﬁ
L -
Subsequent exposune ‘{ o b
1o the same antigen
Antigen bridges the gap
between two antibody molecules,

Histamine increases the permeability

degranulation of the cell and release
=9 and distension of blood capillaries

of histamine and other mediatars

Histamine
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5. Adrenergic agonists

5.1 Epinephrine as an agonist: therapeutic uses

?ﬂ \
N NH, Adrenaline

Gastric acid /.. . 0 .\
secretion l

Blood
vessels to
dilate

) ! !

Smooth muscle Inhibition of Heart muscle contraction,

contraction transmitter release smooth muscle relaxation

Peripheral vasoconstriction Modification of IgE-mediated allergic reactions
Improved circulation Bronchodilation

Contraction of
Itchiness respiratory ways
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6. SAR for epinephrine

Catechol

\ J
v

A A,
r N\ f N

chiral OH amine

Structure-activity relationshipsin the UL-ARs had their birthplace in
the hypothesisof Eassonand Stedman
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6. SAR for epinephrine

HO

kv
N
* ~CH

3

Initially in the b,-AR, meta and para-hydroxyl substitutions that
mimic norepinephrine and epinephrine seemedessential for full
agonism, but the uU1-ARs were shown to be quite tolerant of the
position and chemical group so long as hydrogen-bonding was
capable at the metaposition of the ring. In addition, fluorine
substitutions in the ortho-positions 2- and 6- in epinephrine can
confer selectivity betweenus and b-ARs.
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6. SAR for epinephrine

HO

kv
N
* ~CH

Furtherinvestigationand analysisof the propertiesof the 3-hydroxyl groug
identifiedthefollowing parameterasimportant

Size

Electroniceffectson the aromaticsysten{resonancendinductive)
Capacityto form hydrogenbonds

Acidity

Ability to chelatewith metals

Capacityto form a redoxsystem

3

OUlas~wDbhE
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» A little summary é

Intramolecular H-bonding

Metal-coordinations /O \
Mé O

O Me*/2+ pKa = 9.45

” & o

Ortho-quinone
O
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i
Tl alcohols é

pKa for phenols and alcohols

P

#. | A little memory about pKa for phenols and

—8—pKa(l) —a—pka(2?) T
oH 176 178
18 o ¥ 18
i > " oH182 |
16 CHOH ~ OH_@—@ 16
16.1 7 " OH
15 o | 155 | 155 13 =
a 14 -~ L 14 =
=t lf_-.--.._,..-:m e o OH i O | f'l P ﬂ
13 . i . 4
hé 12 OH oM Jj "‘*Lf-l‘ OH‘ i GrH 12 .
o o l, L ,,,\]: oH | o~ om >y ,:-:-u--“--,-
1 O o~ |j' N IS e Y S A - \-=-;@...z 11
HO™ ™% M Oy 1 - | e
10 9.2 l-h-,--"-- 9.55 —0 00— —@ —0 & 1(;4 T 10
g 845 @ [ "y o990 1998 9.8 10,0010.09| 10.2 [1021 1026|7029 9
pe 9.45 ,[f/
S SN R R o8 . L S O O G S Y. . - | S N Y 3
& © & © 8 Qa £ & & & & & & & P ® & & & & & 9 S 8
& & & & F o F o o E E B o e P S . P G
& & & & &L P T &R gﬁ‘\ R & &° < d."q W & Qe‘ Qe?
o o o & & & & E O E & E o O A S
1 v Vv & y & W 5 v 5 w
\?ﬁ} N w.-\a\:\" n,‘b ,1:5‘ o m-‘gl AR VA S
0
W The Engineering ToolBox
ww EngineeringTool Box.com
Thanks, Zorro96!!
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6. SAR for epinephrine

H

|
HO _N

CLXX. STUDIES ON THE RELATIONSHIP
BETWEEN CHEMICAL CONSTITUTION
AND PHYSIOLOGICAL ACTION.

V. MOLECULAR DISSYMMETRY AND
PHYSIOLOGICAL ACTIVITY.

By LESLIE HILTON EASSON axp EDGAR STEDMAN.

\ N C H From the Depariment of Medical Chemistry, University of Edinburgh.

HO

(Received June 308k, 1933.)

‘WHEF a molecularly dissymmetric substance possesses pharmacological activity
it is frequently, although not invariably, found that one optical isomeride is
considerably more potent than the other. The work carried out on this subject
hae been reviswed by Cushny [1926], who himself made a dstailed pharmaco-
logical comparison of the antimeric adrenalines and hyoscyamines. Largely as
& result of his studies on thess substances, Cushny regarded optical activity as
a factor which is quite distinct from general structure in determining the
magnitude of the specific pharmacological activity of & moleculs, and this view
is, we believe, the one which is currently held.

According to the EassonStedmanhypothesis,potencyis enhanced
by the b-hydroxyl on the chiral carbon, and this has been
confirmed to contribute about a 10/ 100fold increasedpotency for

the R( Tepantiomers
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Dihedral Energy Plot
T T T

i i i L 1 i i L i i
-200 180 160 -140 1200 100 -80 60 -40 -]

in water
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6. SAR for epinephrine

(R)-(-)-Norepinephrine (S)-(+)-Norepinephrine Deoxy-norepinephrine
(Dopamine)

Eutomer: the more pharmacologically active of the enantiomers
of adrug.
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6. SAR for epinephrine R L\

Human b Jadrenergic receptors
in complex with Adrenaline -
(homology model by MMS)
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6. SAR for epinephrine

HO

HO

HO

Quaternization of the nitrogen atom, or its replacementby a neutral atom such as
oxygen, dramatically reduces its potency and intrinsic activity. In addition,
substituents on the basic nitrogen are poorly tolerated in U-ARs for either agonist:
or antagonists,usually being limited to onecarbon length.

However, they are well tolerated in b-ARs, with increasing steric bulk adjacent to
the nitrogen being associatedwith increasedantagonistpotencyor increasedagonis
selectivity.
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6. SAR for epinephrine

vol. @155 A

Greater selectivity for Equal selectivity for
a feceptors both a and b-receptors
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/. Design of a-adrenergic agonists

Direct Acting Drugs

Theseare drugswhich directly active the a;-adrenergicreceptor They are
less potent than the endogenousagonists epinephrine or nor-epinephrine
However, becauseof structuralmodificationsthey are orally active and have
longer plasmahalf-lives. There are two structuralclassesof a, agonists the
phenylethylamineswhich are close structuralanalogsof epinephrineand nor-
epinephrineand the structurally unrelatedimidazolines The major action of
theseagentds to producea -adrenergiceceptormediatedvasoconstriction

o oo

Phenylethylamine derivatives Imidazoline derivatives
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/. Design of a-adrenergic agonists

Direct Acting Drugs

NH, derivatives
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=

+4_ ) Do you have any great pharmaceutical intuition

i

HO N CH,O N

HO HO

ACTIVE INACTIVE
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/. Design of a-adrenergic agonists

HO ITI
N
Phenylephrine
(m-Synephrine) logP =- 0.3
(R)-1-(3-Hydroxyphenyl)N-methylethanolamine pKa — 90

Phenylephrine is a sympathomimeti@aminethat actsas U-adrenergiaeceptors
Phenylephrinels a postsynaptic U,-receptor agonist with effect also on b-
receptorof the heart Phenylephrings a powerful vasoconstrictorit is usedase
nasal decongestantbut may also be useful in treatinghypotension and shock
symptomatiaelief of externalor internalhemorrhoids.
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HO N
HO

Asp138 |

ASn363 i HO N\
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/. Design of a-adrenergic agonists

1R {T5al]

Remember the effectivenessof Phenylephrine as nasal decongestantis still
guestionable Several clinical studies were not able to distinguish betweenthe

effectsof phenylephrineor a placebo

Horak, F.; Zieglmayer, P; Zieglmayer,R. ; Lemell, P; Yao, R.; StaudingerH.; Danzig, M. (2009. "A placebecontrolled study of the nase
decongestangffect of phenylephrineand pseudoephedrinia the Vienna ChallengeChamber.’ Annalsof Allergy, Asthma& Immunology102 (2):

116 20
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/. Design of a-adrenergic agonists

NH, NH, %
N
CH,
CH, CH,
Phenylethylamine  (R,S)-Amphetamina (R,S)-Metamphetamina
(PEA)
logP = 1.4 logP=1.8 logP =2.1
pKa =9.8 pKa =10.0 pKa =9.9

| These compounds d o0 n act directly as adrenergic
agonists (we will see in a few minutes their
s mechanism of action) but you can immediately
<" discover three direct adrenergic agonists!!!
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