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Autonomic nervous system ANs

e Sympathetic — “AUTONOMIC NERVOUS SYSTEM RESPONSE”

activated at body
Charge (stress, 4

physical activity, disease) _—ympathetic Response
| “Fight or Flight” ¥
| IR
e Parasympathetic z 2
— activated at rest Y vy

(sleep, digestion) arasympathetic Response

“Rest & Digest”
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ANS - function
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Exception in adrenergic
neurotransmission

Parasympathetic ganglia EFFECTOR ORGANS

Cardiac muscle
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Norepinephrine synthesis, storage | s
& release :
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Tyr = tyrosine; TH = tyrosine hydroxylase; DD = DOPA decarboxylase;
DA = dopamine; DBH = dopamine [i-hydroxylase; NE = norepinephrine

http://www.cvpharmacology.com/norepinephrine.htm



http://www.cvpharmacology.com/norepinephrine.htm

Synthesis of NE & E
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https://themedicalbiochemistrypage.org/aminoacidderivatives.php

000
0000
= o000
Metabolism of NE & E oce
o
MNorepinephrine COMT » MNormetanephrine
MAD MA(O <—— o Monoamine oxidase
(MAO)
Dihydroxymandelic_ COMT __ Vanillylmandelic
acid acid (VMA)
T MAQ TMAD
Epinephrine COMT Metanephrine
MAD = monoamine oxidase
COMT = catechol-O-methyltransferase
e Catechol-O-
methyltransferase

(COMT)


http://www.cvpharmacology.com/norepinephrine

MAO substrates

Enzyme

Neurotransmitter metabolized

MAO - A

Norepinephrine
Epinephrine
Serotonin
Tyramine
Dopamine

MAQO - B

Dopamine




a,- & B-receptor transduction
pathways
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Responses of

Responses of

target cell: Ca? target cell:
Smooth muscle Smooth muscle
relaxation, ER contraction,
vasodilation . . vasoconstriction
Calcium-calmodulin
CYTOSOL complex
(a) cAMP pathway initiated by activation of (b) Inositol-phospholipid-calcium pathway initiated by activation of
[-adrenergic receptor a,-adrenergic receptor

Copyright © 2009 Pearson Education, Inc.


http://www.mun.ca/biology/desmid/brian/BIOL2060/BIOL2060-14/CB14old.html
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Sympathetic NS

a-receptors - localization

Receptor

Tissue

a,

vascular smooth muscle
papillary dilator muscle
pilomotor smooth muscle
prostate

heart

prejunctional CNS adrenoceptors
pancreatic 3-cells

platelets

adrenergic & cholinergic nerve
terminals vascular smooth muscle

fat cells




Sympathetic NS

[3- & D-receptors - localization

Receptor Tissue

heart
juxtaglomerular cells

respiratory

uterine & vascular smooth muscle
skeletal muscle

liver

smooth muscle

nerve endings




a,- & B,-receptor
Blood vessel function
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http://doctorlib.info/physiology/illustrated/12.html

Role of a- & - receptors
In the heart & smooth muscles

Receptor Heart Smooth
muscle

? Contraction

? Contraction
Contraction ?

? Relaxation



o-adrenergic control of smooth | 332
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http://cvpharmacology.com/vasodilator/alpha

B-receptor: modulation of cardiac | 2::
contraction

e Itis regulated by cAMP- & calmodulin-dependent
(caM) phosphorylation reactions

e Both work in parallel

e Activation of cAMP — PKA cascade results In:
> phosphorylation of L-type Ca?* channels (Il Ca2)

> phosphorylation of ryanodine-sensitive receptors of
sarcoplasmatic reticulum (I Ca2*)

> phosphorylation of light chain of myosine (! contraction)



Adrenergic control of cardiac
muscle contraction

Enntractlnn

+—
Ca

Abbrewiations: ME, norepinephning; Gs, G-stmulatory protein;

AC, adenylyl cyclasa; PK-A. cAMP-dapendent protein kinase,
SR, sarcoplasmic raticulum

cvpharmacology.com



http://cvpharmacology.com/cardioinhibitory/beta-blockers

3-receptor
Modulation of smooth muscle relaxation

e Itis regulated by cAMP- & caldesmone-dependent

phosphorylation reactions (Cam-binding protein — inhibitor of
Ca?*-dependent smooth muscle contraction)

e Both are dependent on Ca?* & CaM

e Activation of cCAMP — PKA cascade results In:
» phosphorylation of myosine light-chain kinase

> U its affinity for Ca2*- CaM complex
> U its ability to phosphorylate myosine light chain

> alternative, cCAMP-independent pathways activate membrane
K* channels (U contraction)



3-adrenergic control of smooth
muscle relaxation

‘:-ﬂf-l-

L=ty e
Calcium
Channel

Ca't Calmodulin
J
?t,, AT MLCK
=
Phosphalfase

Abbreviations: SR, sarcoplasmic reficulum; Gg, Gs-profein; MLC, myosin
fight chain; MLCK, myasin light chain kinase, P, myosin phosphorndalion

cvpharmacology.com



http://cvpharmacology.com/cardiostimulatory/beta-agonist
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Sympathetic NS

Q-receptors - function

Receptor Major effects

mydriasis
a, vasoconstriction =l BP

U urination
! glycogenolysis
ejaculation

Inhibition of NE release (central effect)
Inhibition of insulin release
platelet aggregation




Sympathetic NS

[3-receptors - function

Receptor Major effects

M heart rate

ff conduction velocity

fl force of heart contraction
Ml renin release

Relaxation of smooth muscle:
uterine
respiratory (bronchodilation)
vascular (vasodilation)

M insulin secretion

Ml potassium uptake

ft glycogenolysis




Sympathetic NS

D-receptors - function

Major effects

D, Vasodilation of vasculature:

(peripheral) | coronary
renal

mesenteric
I renal blood flow
! glomerular filtration rate
1 sodium excretion




Direct sympathomimetic agents

Stimulate sympathetic system via particular
receptors:

a,: NE, E, naphazoline, phenylephrine
Vasoconstriction: systemic or local (nasal mucosa)

a,: clonidine, a-methyldopa
Hypertension

8,: D, dobutamine
Shock, cardiac failure

8,: Isoproterenol, salbutamol, fenoterol, formoterol

Bronchial asthma



Selectivity of sympathomimetic
agents

Agent Receptor
Norepinephrine o> B,
Epinephrine 3> o
Isoproterenol 3, =B,
Dopamine D> B>
Dobutamine 3, > B,
Phenylephrine ol > 0Ly
Fenoterol B,




Effects of some direct 3
sympathomimetic agents

Agent Effect

Norepinephrine |Systemic vasoconstriction

Epinephrine Local vasoconstriction (local anaesthesia),
cardiac support, anaphylaxis

Naphazoline Local vasoconstriction (decongestion)

Dopamine Vasodilation (renal, mesenteric), Shock

Dobutamine Ml cardiac output (without affecting renal blood
flow - CHF)

Fenoterol Bronchial asthma, tocolysis




Norepinephrine 2ol
Emergent indications E:'

Hypotension refractory to IVF
(1.v. fluid)

MOA: a;- & 3;-agonist

e Doses:

> 1-30 ug/min iL.v.

e Troubles: tachydysrhythmias, {4nLRllin st vial
. . - . g i; Yngle dose Fliptop Via
tissue necrosis If catheter infiltrates '-EVOphd®
or administered through an arterial §orepinephrine bité

Siection, ysp 4 g/

- (R IVINFUSION ONLY

line (therefore needs to be given via a P INUSION ONLY
: ... Ning: Contains Sulfites
central venous line) 943, Inc., Lake Forest, L



http://www.mims.com/malaysia/drug/info/levophed

Epinephrine seee
Emergent indications 52‘

Anaphylaxis; adult, pediatric, neonatal cardiac

arrest: severe asthma

vV V. YV V @

MOA: B- & a-agonist

Doses:

Adult cardiac resuscitation: 1 mg 1:10,000 1.v.
Peds cardiac resuscitation: 0.01 mg/kg 1:10,000 i.v.
Anaphylaxis: 0.1 - 0.5 mg 1:1,000 i.m./s.c. (i.m. preferred)

Peds anaphylaxis/asthnma: 0.01 mg/kg 1:1,000 i.m./s.c. (max
single dose 0.3 mQ)

> Hypotension refractory to IVF (i.v. fluid): 1 - 10 yg/min 1.v.

Troubles: dosing errors, tissue necrosis (needs to administered via
central venous line), dysrhythmias



http://www.savingchicagocpr.com/epinephrine-awesome-drug/epinephrine-ampule/

Dopamine
Emergent indications

Decompensated heart failure, hypotension
e MOA: a;-, B;-, & dopaminergic agonist

e Doses:

7 ‘
=

> <5 ug/kg/min i.v. dopaminergic effects (not |
recommended)

> 5-10 pg/kg/min i.v. primarily 3-effects L :
> 10-20 pg/kg/min i.v. primarily a-effects : =

|
|  DOPamine HCI Inj, L
| 200 mg (40 mg/mL)

e Troubles: tachydysrhythmias, tissue necrosis if

extravasation or arterial administration (therefore
needs to be given through central venous line)


http://www.acesurgical.com/dopamine-hcl-200mg-40mg-ml-5ml-sdv.html

Dobutamine
Emergent indications

Decompensated heart failure, !F._(‘
refractory hypotension

20 mL =2
e MOA: B,-agonist > 3,-agonist 00BUTamine

250 mg/20 mL

25 mg per ml
OR SE ONLY

e Doses:
» 2 -20 pg/kg/min ILv.

-

e Troubles: tachycardia, hypotension (if not

euvolemic), premature ventricular contraction
(also known as a premature ventricular complex -
PVC),


http://www.acesurgical.com/dobutamine-250mg-20ml-vial-injection.html

Dual effect of adrenaline -
vasodilation

MNormal adrenaline levels = Beta adrenergic activation = relaxed blood vessels

Beta

adrenergic
receptor

Constriction _onstriction Felaxation of _onstriction
of blood of blood blood vessels of blood
Vas5els Yas55e(s vassels


http://www.psoriasisdietplan.com/2015/09/adrenaline-the-effects-of-alpha-and-beta-adrenergic-receptors-on-vasoconstriction-and-blood-flow-in-psoriasis/

Dual effect of adrenaline -
vasoconstriction

Too much adrenaline = Beta receptor desensitization = constricted blood vessels

adrenergic
receptor

Constriction Constriction Relaxation of Constriction
of blood of blood blood vessels of blood



https://www.pinterest.com/psoriasisdiet/psoriasis/

Concentrations of E In principal

applications
Diagnosis Concentration of
epinephrine
Anaphylaxis 1:1000
Cardiac life support 1:10.000
protocol
Combination with 1:100.000

local anaesthetic




SE of sympathomimetics 3

o- receptor stimulation
- BP
- U oxygen delivery

B,- receptor stimulation

Tachycardia

« Palpitation

* Dysrhythmia ( myocardial oxygen consumption)
* Dizziness

« Headache




Indirect sympathomimetic agents

Stimulate sympathetic system like NE by:

1. Releasing stored NE into the synaptic cleft:
amphetamine, ephedrine, tyramine

2. Blocking reuptake of NE back into the presynaptic
neuron:

some antidepressants, cocaine

3. U NE metabolism by:

- U of MAO — A: some antidepressants
- of MAO — B: selegiline

- of COMT: entacapone



Amphetamine
MOA

Amphetamine Synaptic Mechanisms

*Amphetamine similarly
| reverses NET, DAT & SERT |

High doses G)

inhibit MAQ 7 presynaptic

i VMAT
, storage
Amphetamine @ yesicﬁas
NE
cytoplasmic \

poal

NE

NE
reverse l
transport N E

Amphetamine NE

NET - norepinephrine transporter
VMAT - vesicular monoamine transporter
SERT - serotonin transporter

stimulate the release of
NE from central
adrenergic neurons

release of D — high dose
(mesocorticolimbic & the
nigrostriatal D systems)

acts as a direct agonist
on central 5-HT receptors
& may inhibit MAO

In the periphery - the
release of NE by acting
on the adrenergic nerve
terminals
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: -394
Ephednne 0o0
MOA .
Ephedrine Mechanism  Indirectly stimulates
the adrenergic
receptor system
TN NE = Norepinephrine
NE —f - . .
& - Possible direct
vesdes interactions with a-
Ephedrine " pon \ receptors
o b NE T
pransport | | testy et _
iy NET | e Itstimulates NE & D

“Ephedrine NE —__, simulates " |
B adrenergic receptors re ease



Tyramine e38s
MOA oo

Tyramine Mechanism e |t ﬂ ava||ab|||ty of
neurotransmitters
Tyramine inactive

metabolites (—) MAOinhibitors .

e 7@0;}*05@0“.Pawr*so-*} ° It Competes Wlth
R el W 7 Norepiepnne axoplasmic NE for
& e 22 ol ,"Jf,'fnﬁlf,im’” NEs vesicles uptake Into the

Tyramine | . .
L Cyoplsric \ synaptic vesicles

reverse NE T (O NE
transport /;,-:N :E‘:ae;ﬁﬂi;ﬁ;m .
\E JJE * Releases vesicularly

Tyramine NE —, 00 eceptors stored ne from

sympathetic nerve
terminals



Effects of some indirect H
sympathomimetic agents

Agent Effect
Amphetamine |Anorexia, abuse
Cocaine _ocal anaesthesia, abuse
Tyramine Hypertensive Crisis (cheese + MAOI)
Pseudoephedrine | Local vasoconstriction (decongestion)

Moclobemide Depression (MAO-A inhibitor)

Bupropion Depression (NE & D reuptake inhibitor)

Selegiline Parkinsonism (MAO-B inhibitor)

Entacapon Parkinsonism (COMT inhibitor)




Direct sympatholytic agents

Block sympathetic system via particular receptors:

Prazosin, terazosin, alfuzosin, tamsulosin
Antihypertensive, benign prostatic hyperplasia (BPH)

Yohimbine
Postural hypotension, erectile dysfunction

Atenolol, bisoprolol, metoprolol, acebutolol...
Antihypertensive, antidysrhytmic, antianginal,
anxiolytic, anti glaucoma

%)
No clinical value



Selectivity of a-receptor
sympatholytic agents

Agent

Receptor

Phentolamine

O, = O, (competitive)

Phenoxybenzamine

Oy = O, (irreversible)

Prazosin Ol

Tamsulosin Olga

Yohimbine O, (CNS prejunctional)
Mirtazapine O, (CNS prejunctional)




Effects of some a-receptor 3
sympatholytic agents

Agent Effect/use
Phentolamine Pheochromocytoma
Phenoxybenzamine Pheochromocytoma
Tolazoline Pulmonary hypertension
Yohimbine Postural hypotension, impotence
Prazosin Hypertension, BPH,

m. Raynaud
Tamsulosin BPH (more selective - a,,)
Mirtazapine Depression (CNS prejunctional a.,)




SE of a-blockers

1. Cardiovascular

Related to thelir
principal a-blocking
effect

2. Other

Related to their
principal MOA & as a
result of U BP

ALPHA-ADRENERGIC ANTAGONISTS

(ALPHA-BLOCKERS)
SIDE EFFECTS

Tachycardia

Examples:
doxazosin
(Cardura)

Orthostatic
Hypotension

prazosin
(Minipress)

Vertigo Sexual Dysfunction

Copyright © 2012, 2008, 2005, Mosby, Inc.. an affiliate of Elsevier inc.



Selectivity of B-receptor
sympatholytic agents

Agent

Receptor

Propranolol, timolol,
pindolol, nadolol

B (nonselective)

Acebutolol, atenolol,
bisoprolol, betaxolol,
esmolol, metoprolol

By

Carvedilol, labetalol

o/

Sotalol

B/K* channel blocker

Acebutolol, pindolol

With ISA




Effects of some B-receptor H

sympatholytic agents

Agent

Effect/use

Propranolol,
timolol, pindolol,
nadolol

Angina, dysrhythmias,
hypertension, CHF,
thyreotoxicosis, glaucoma

Acebutolol,
atenolol, bisoprolol,
betaxolol, esmolol,
metoprolol

More specific = less SE

Carvedilol, labetalol

Valuable in CHF

Sotalol

Valuable in dysrhythmias

Acebutolol, pindolol

Valuable in CHF, hypertension




Clinical uses of 3-blockers

Uses of beta

Anxiety |
Migraine blockers mnemoanic
2 Medicowesome 2014
o

Glaucoma

Thyroid storm |
Hypertension

Angina pectoris

Cardiac arrhythmias
Myaocardial infartion
Congestive heart failure
Hypertrophic cardiomyopathy
Dissecting aortic aneurysm

Essential tremor

Pheocytochroma



SE of B-blockers

1. Cardiovascular

« Related to their
principal B-blocking
effect

SIDE EFFECTS OF
= D\ ADRENERGIC ANTAGONISTS
B - BETA BLOCKERS

Examples:
Propanolol
(Inderal)

Atenolol
(Tenormin)

Metoprolol
(Lopressor)

Bradycardia
(AV-Block)

2. CNS

* Related to their MOA In
different organ levels

Drowsiness,

t f
Pumptomae Depression

CHF

 Dependent on their
ability to cross the BBB


https://www.pinterest.com/jjeffrey77/adrenergic-blocking-drugs/

Indirect sympatholytic agents

Block the effect of NE by:

1. U the transport of NE from the neuronal
cytoplasm to the synaptic vesicles:

e.g. reserpine (no more in use)

2. Acting as ,false mediators®:

e.g. methyldopa

Both antihypertensive



Effects of some indirect
sympatholytic agents

Agent Effect/use
Reserpine Hypertension
(no more in clinical use because of non-
selectivity & resulting in depression &
sedation)
Methyldopa Hypertension (mainly in preeclampsia —

15t choice drug, clinically approved safety even
in 1St trimester)




adrenergic
. . receptor

Source: Adapted from < hitp.//www.drugabuse.gov/pubsiteaching/Teachingd/Teaching.html >



https://p1neurotransmitters.wikispaces.com/Norepinephrine

