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N
e 1 NEUROTRANSMITTER, also called chemical
B messenger, is endogenous chemical that

| enables neurotransmission.
T 1 HORMONE produced by glands & transported
o by circulatory system to target distant organs to

regulate physiology & behaviour.
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1 Ultimate effects of symp. stimulation are
mediated by release of NE from nerve
terminals which then activates
adrenoceptors on postsynaptic sites.

1 Also in response to variety of stimuli
such as stress, adrenal medulla releases

SYMPATHOMMETICS

DR javaid nagic

: "
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epinephrine which is transported in blood
to target tissues. So epinephrine acts as
a hormone & NE as a neurotransmitter.

Click to add notes

Shde 3 0f 89 | "Beam™ ]

Scanned with CamScanner


https://v3.camscanner.com/user/download

1 Phenylethylamine may be
considered parent compound from
which sympathomimetic drugs are
derived. This compound consists of a

BENZENE ring with an ethylamine
side chain.

Benzene is 6 carbon & if we add OH

group (HYDROXYL group) at 3 & 4
positions, it becomes CATECHOL.
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- CH CH2 NH2 ( — CH3
o ks ( B carbons, acarbons )
Nor epinephrine ( Epinephrine )

— Catechol: ( Benzene ring , -OH at 3 & 4 positions

I ™oy eemic. TNl age— g,

S ——aaa Addition of amine group leads to increase in B-activity
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Alpha - 2 receptors: (Inhibitory)
1.Pre-synaptic:
Medulla.
Nerve terminals:

Press ESC or double-click to exit full screen mode

viuiupe actions

3.Platelets: Aggregation
4.Adrenergic & cholinergic nerve terminais:
Inhibition of transmitter release.
5.Some vascular SM: Contraction
6. Fat cells: inhibition of [jpolysis
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Beta - 1 receptors: (Stimulatory)

Heart: Increases rate & force
of contraction

Juxtaglomerular cells: Increases

renin release
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Dopamine receptors:
D, receptors:
SM of blood vessels i.e. Splanchnic area
esp SM of Renal vascular bed
vasodilatation

D, receptors:

el i =LA T X a =1l
J B==3"F ' |

modulates transmitter
release
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CATECHOLAMINES

1) NATURAL

1.Epineph

2.Nor epin
3. Dopami

2) synthetic

fine
ephrine
ne

1. Dobutamine
2. |soproterenol
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B. NON-CATECHOLAMINES:

Phenylephrine 12.Naphazoline
Ephedrine

Amphetamines

Dexamphetamine

Hydroxyamphetamine
Methylamphetamine

Metaproterenol

Salbutamol

Terbutaline

=l RSOGO UT See N =

- O

Methoxamine

A

: Phenylpropanolamine
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Catecholamines: These compounds share the

following properties:

11. High potency

1 2. Rapid inactivation: Catecholamines are

metabolized by postsynaptically & by
intraneuronally as well as by COMT &

MAO in the gut wall & by MAO In the liver.
Thus, catecholamines have only a brief period
of action when given parenterally & they are
iInactivated (ineffective) when administered
orally. Short T .

1 3. Poor penetration into the CNS:

Catecholamines are iolar & therefore do not
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readily penetrate into the CNS. Nevertheless,

most catecholamines have some clinical effects
4[ emor & head that are

attributable to action on the CNS.
1 Noncatecholamines:

1. Compounds lacking the catechol hydroxy!

groups have longer t,, because they are not X
inactivated by COMT. These agents are poor
substrates for MAO & thus show a

2. of many of the
noncatecholamines (due to lack of polar OH
groups) permits greater access to CNS.

Scanned with CamScanner


https://v3.camscanner.com/user/download

[ e - I 3 A - SYMPATHOMIMETICS j [Compatibility Mode] - Microsoft PowerPoint -
JII

Home ingernt Ce1ign Arimaniong Slide Show Eeview Wi

x - W — |.:.I. = LT _J : Hflﬂd
S Rl ol | ]| = = 43 = = et — —
“;.- _:J:':d _ A —L LE & E I Fow! 1 :H Replate =
' i U A A 2 === W Nl &~ A " &1
/ : Shie = = Delrte B 7 Udd - 2 =SS =k 1 $ My A = SE E

Inoes Fant Paragraph Drasririg Editing

1] Layout -

4 Select -

H oy S
R S T R O T

DIRECTLYACTING ON ADRENERGIC

RECEPTORS:(they directly interact with &
activate adrenoceptors)

Epinephrine 9. Dopamine

Nor e pinep alglsl= 10. Ritodrine
Dobutamine

Terbutaline

|soprotereno!

LT TE ST

s

Salbutamol
Phenylephrine

Methoxamine
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B. INDIRECT ACTING: May have either of 2
different mechanisms:

1) displacement of stored catecholamines
from adrenergic nerve ending €.g.
fyramine.

2) Inhibition of reuptake of already

released catecholamines e.g. cocaine &
tricyclical antidepressant, Atomoxetine,
Reboxetine, Sibutramine, Duloxetine.
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Sympathomimetic drugs acting
Indirectly are
1. Amphetamine

P P

2. Methamphetamine
3. Phenmetrazine

4. Tyramine

| 5. Methylphenidate
= TR 6. Modafinil

8 Click to add notes

hde 2l of B9 "Geam’

Scanned with CamScanner



https://v3.camscanner.com/user/download

it
¢ Injent Deiign Animationy Side Show Fewview Vitw
| Layout - IiA = - i H Fina
- A {=3| K iR -l N\ ML =
_JFI ot —l_ . i .‘F 4]
Hiew i U sha & & 1 b= = B ii - Armrange
Shde = & Delete . - . B - e . ’ \ o . | o Select

hptaarg - lide ramt Fatagraph LITaaTng Editing

MIXED ACTIVITY :

(Directly & indirectly by releasing
catecholamines):
Phenylpropanolamine

Ephedrine
Pseudo-ephedrine
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INDIRECT ACTION

Drug enhances release
of norepinephrine from
vesicles.
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MIXED
ACTION

Drug acts both
directly and
indirectly.

Ty rE
JIALEFT,

DIRECT ACTION

Drug directly
activates receptor.
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| A. ACTING ON ALPHA RECEPTORS:

i). Alpha-1 _selective(agonist) ( Relatively ):

1 Methoxamine

2. Phenylephrine
3 Midodrine
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(ii). Alpha-2_selective ( Relatively ):
Clonidine
Methyldopa:'
Apracionidine
Guanfacine
Guanabenz

Oxymetazoline
Dexmedetomidine

(iii). Alpha - Non selective :
(on both alpha 1 & alpha 2 receptors
equally): Xylometazoline
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B. ACTING ON BETA RECEPTORS:
(i). Beta -1 selective ( Relatively ):

1 Dobutamine
2 Prenalterol
Beta -2 selective ( Relatively ):

Terbutaline
: . salbutamol

Ritodrine

Fenoterol
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(iii). Beta non-selective (on both receptors):

4

)i Isoproterenol (Isoprenaline)

2. Meta o] oterenal
C. ACTING ON BOTH ALPHA & BETA
RECEPTORS:

Epinephrine
Ephedrine

B - -
vopamine

0 ACDND O S ST
]

Fseudo ephedrine

Amphetamine
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D. ACTING ON DOPAMINE RECEPTORS:
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NE, EPI &
DOPAMINE rapidly metabolized by COMT &
MAO. So inactive orally & must be given
parentrally. Have a short duration of action.
They do-not enter CNS in sufficient amounts
even when given parenterally. When released
from nerve endings, they are subsequently
taken up by NET & DAT into nerve endings &
into perisynaptic cells. This uptake may also
occur with NE, EPI & DOPAMINE given as
drugs. Amphetamines are resistant to MAOs,
orally active, readily enter CNS & their effect
lasts much longer. TYRAMINE is rapidly
metabolized by MAOs.

. e lliz leal
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MOLECULAR PHARMACOLOGY
UNDERLYING THE ACTIONS OF
SYMPATHOMIMETIC DRUGS

The effects of catecholamines are mediated by
cell-surface receptors.

These receptors are
coupled to G proteins that regulate various
effector proteins. Each G protein is a
heterotrimer consisting of a, B, and y subunits.
G proteins are classified on the basns of their
distinctive B subunits.
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Gs, stimulatory G protein of adenylyl
cyclase,

Gi and Go, the inhibitory G proteins of
adenylyl cyclase and

The activation of G protein-coupled
receptors by catecholamines promotes the
dissociation of guanosine diphosphate
(GDP) from the 8 subunit of G protein.
Guanosine triphosphate (GI1P) then binds
to this G protein & a subunit dissociates

L ez el
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and amphetamines respectively.

3. Mixed-action agonists: Ephedrine and its
Stereoisomer, pseudoephedrine both
stimulate adrenoceptors directly and release
norepinephrine from the adrenergic neuron.
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PHARMACODYNAMICS:

Activation of O, receptors leads to
1. a4 receptors are coupled via G, to
phosphohp'ase C. This enzyme hyd
blvphosphoinoditides and leads to
formatlon of DAG.
IP3 promotes reiease of sequestrated
g & thus 1T the cytoplasmic

conc:entratlon of free Ca*™ & activation of
Ca** dependent protein kinases which
phosphorylate their substrate.

IP; is subsequently dephosphorylated which

ultimately leads to formation of free INOSITOL.
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Activation of : a, - receptors leads to:

inhibition of 2 ¢ activity

transduced by |nh|b|tory Gl & causes

decrease in intracellular cAMP levels.

2. a, -receptors use other s:gnallmg
pathways including regulanon of activities of

sla™ .'1 t . I_: W ||_.'__||

Ny 1 |l --':"I|||;1| (
3 Some of the effects of a, - recetor are
independent of their ability to inhibit 2
yclase e.g. a, — receptor agonists cause
piatelel aggregation & a decrease in platelet
'levels.
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Further subdivisions: The a1 and a2
receptors are further divided into a1A, a1B,
a1C, and a1D and into a2A, a2B, and a2C.
This extended classification is necessary for
understanding the selectivity of some drugs eg
tamsulosin is a selective alA antagonist that is
used to treat benign prostatic hyperplasia.
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Activation of all 3 B
receptors results in stimulation of adenylyl
cyclase & inc. conversion of ATP into cAMP,
This is mediated by Gs.

¢AMP  is major 2" messenger of 3 receptor
activation e.g. in liver of many species, [3
receptor activated cAMP synthesis leads to a

Ol oy wressy mrrer .
AT o
Lt i

cascade of events culminating in inactivation of
glycogen phosphorylase.

In heart, B receptor activated cAMP. synthesis
T flux of Ca** across the cell membrane & its
sequestration inside the cell.
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3 receptor may activate voltage sensitive Ca
channels in heart via Gs mediated

enhancement independently of changes'in
cAMP conc.

Under certain circumstances, 2 receptors
may couple to Gg which have been shown to

activate MAP(mitogen activated protein)
kinases.
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Polymorphisms:
Genetic polymorphisms for many

e subtypes of 4, A,, and 3 so changing the
T susceptibility to diseases like heart failure,

ettt bronchial asthma.
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ORGAN SYSTEM EFFECTS OF
SYMF’ATHOMIMETICS

3 L

|1— |—-:-

a4 recepters W|de|y expressed Ig veeeels & thelr
activation leads to arterial & venoconstriction. A
relatively pure a; agonist (phenylephrine) inc.
PVR & dec. venous capacitance. So inc.
arterial resistance leads to a rise in BP. This
rise in BP with normal CV reflexes elicits a

baroreceptor mediated inc. in vagal tone with
slowing of heart rate. CO will not dec. since inc.
venous return may inc. stroke volume.

! [here are major differences in receptor types
expressed in in various vascular beds. Skin BV
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be effective in some children with attention
deficit hyperactivity disorder.

1 e .

MODANIFIL: psychostimulant. MOA not fully
known; it inhibits both NE & dopamine
transporters & inc. interstitial conc. of not only
NE & dopamine but also of serotonin &
glutamate while dec. GABA levels. Used in

narcolepsy. Causes mild inc. in BP & heart rate.

TYRAMINE: Normal byproduct of TYROSINE
metabolism in body. Also found in high conc. in
some fermented foods like cheese. Readily
metabolized in liver by MAO. Orally inactive b/o
very high 15t pass effect. Given parentarlly
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1ISPECIFIC DRUGS: Epinephrine, an

agonist at both a & 3 receptors. A very potent
v.constrictor & cardiac shrnulant causes rise
| systolic BP by its +yve chrc % N0 ili RIC

x V.constriction inducet f irl many BV

k. muscle BV leading to their dilatior AS'-":
result total PVR falls explalnlng a fall in diastolic
BP.
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A NE: Agonist at both a; & a, receptors & also
at 31 relatively very little effect on B, so it inc.
PVR & both sys. & dia. BP. Compensatory
baroreceptor activation tends to overcome
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direct +ve chronotropic effects of NE.
However +ve inotropic effects are maintained.

PHENYLEPHRINE:

Methoxamine: direct acting a4 agonist. May cause
a prolonged inc. in BP due to v.constriction.
Also causes vagally mediated bradycardia.
Available as inj. Rarely used in hypotensive pts.
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If this reflex is blocked by eg by a ganglion
blocker, NE will cause a direct (34 mediated
tachycardia. A pure a agonist slows heart rate

SR via baroreceptor reflex whereas a pure [3

s il

S —— agonist almost always inc. heart rate.
e Diastolic BP is affected mainly. by PVR &

Adrenoceptors with greatest effect on BV are a
e & [35. Pulse pressure is determined mainly
e I by stroke volume which is influenced by [34.

; Systolic BP is sum of diastolic & pulse pressure .
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oI Radial Muscles of iris has a4 Its activation
causes mydriasis.

3 agonists have little effect but g8

antagonists | production of Aqueous Humor.
a agonists increase outflow of aqueous humor

from eye & used clinically to dec. |IOP.
Respiratory System: ( mainly on B, )

Activation of , in bronchial SM leads to
Powerful bronchodilation.

Bronchial secretion & congestion also
decreased.
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Exocrine Glands:

1) Salivary glands contain adrenoreceptors
that regulate the secretion of amylase &
water. However certain sympathomimetics like
clonidine produce symptoms of dry mouth.

Mechanism unknown.
) Apocrine sweat glands located on palms of

hands & a few other areas respond to

adrenoceptor agonists with increased sweat

production. They are apocrine non-
thermoregulatory glands usually associated
with psychological stress. The diffusely
distributed thermoregulatory eccrine sweat
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CNS: catecholamines are excluded by BBB &
CNS effects are noted Dnly at highest rate of
infusion.
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In contrast non-catecholamines which enter
CNS produce symptoms varying from mild
alterness, elevation of mood, insomnia,
euphoria & anorexia to full blown psychotic
behaviour.
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Genitourinary Iract:
3, at uterus & bladder: Relaxation.

a, at bladder base, urethral sphincter &
prostate which mediate contraction & so
promote urinary continence.

a receptor activation in ductus deferens,
seminal vesicle & prostrate plays a role in

normal ejauclation. The detumescence of
erectile tissue that normally follows
ejaculation is also brought about by NE.

Scanned with CamScanner


https://v3.camscanner.com/user/download

*
=
HOome et Desgn Anamationt Hide Show Review Wurw L
i) Lapeut - X » iw ~J L4 Fh Fing
o Reuet L") = -y ¥ Replace -
Paite LT I | i e B - A FLETR T
. Chile = hd Dbrie - . — e . o Sefect -

Hde 6D of 39 “Beam

Vot P ai mGrand ChmwviFeg Lebifing

Metabolic Effects:

) Sympathomimetics drugs enhance
glycogenolysis in liver leading to inc.
glucose release into blood. This effect in
numan is mainly mediated by [5 receptors
though a, play a role.

i) Catecholamines in high conc. may also
cause metabolic acidosis.

1g ¢ protect agamst a rise in
plasma K during exercise.
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of NE in the periphery at the same time.
However it may inc. BP in some pts. |t
frequently causes orthostatic tachycardia.

REBOXETINE smiliar as atomoxetine.

SIBUTRAMINE: serotonin & NE reuptake inhibito

\‘x I'fiif'I!"_-,-" .‘-3"1|['JII'=E.".*-1H:F: SUPPress ant dappro ved t'__:'}a" FDA

for long term treatment of obesity

DULOXETINE: AD with serotonin & NE reuptake
inhibitory effects.

COCAINE: LA with peripheral sympathomimetic
action that results from inhibition of NE
reuptake. Rapidly crosses BBB & produces
Amphetamine like effect that is shorter lasting
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1 ISOPROTERENOL: very potent 3 agonist. Has
+ve chrono & inotropic actions. It is a potent
v.dilator becoz it almost exclusively activates 3
receptors. This leads to a marked inc. in CO

; =~
AT Eap i DO T A e
| A ey —— A |

associated with a fall in diastolic BP & mean
arterial pressure & slight inc. in systolic BP.

13 SELECTIVE AGONIST:

. MEFD AT E T 4 T

R AR P LAl DY, Ry
= e By vy 0K,

1 34 SELECTIVE are DOBUTAMINE & a partial
agonist PRENALTEROL. They inc. CO with
less reflex tachycardia compared with non-
selective 3 agonists. DOBUTAMINE, chemical
structure resembles dopamine Ibut its actions
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MIXED ACTING SYMPATHOMIMETICS

EPHDRINE: Plant source(EPHDRA). Being used
in China for over 2000 yrs. |
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| ne) which contains apar’[ from
ephdrlne mu[tlpie ephdrlne like alkaloids.

A large fraction excreted unchanged In urine.
Since it is a weak base, its excretion can be
accelerated by acidification of urine. It crosses
BBB & is a mild CNS stimulant.

PSEUDOEPHDRINE: 1of 4 ephdrine enantiomer
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MIXED ACTING SYMPATHOMIMETICS

EPHDRINE: Plant source(EPHDRA). Being used
in China for over 2000 yrs.

y.[1] Found in Ma huang
(herbal medicine) which contains apart from
ephdrine multiple ephdrine like alkaloids.

A large fraction excreted unchanged in urine.
Since it iIs a weak base, its excretion can be
accelerated by acidification of urine. It crosses
BBB & Is a mild CNS stimulant.

PSEUDOEPHDRINE: 1of 4 ephdrine enantiomer
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used as a component of many decongestant
mixtures. Use of pseudoephdrine as a
precursor in manufacture of methamphetamine
has led to restriction on its sale.

PHENYLPROPANOLAMINE, a component in
over the counter appetite suppressants.
Withdrawn from market b/o hemorrhagic
: strokes in young women. Drug can inc. BP In
pts with impaired autonomic reflexes.

INDIRECT ACTING SYMPATHOMIMETICS

R RS Eer e R, Sy o]

= vy ey B
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a) AMPHE TAMINE: Imp. b/o its use or misuse
as a CNS stimulant. P Kinetically similar to
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ephdrine. Rapidly enters CNS & has marked

stimulant effects on mood & alertness & 2
depressed effect on appetite. Its actions are
mediated through release of NE & to some
extend dopamine because it enters symp.

nerve endings & displaces stored
catecholamines. METHAMPH ETAMINE
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ey e @ W emead L
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PHENMETRAZINE: Has amphetamine like
effects & promoted as an anorexiant & a
popular drug of abuse.

to amphetamine. May

Methylphenidate: Simi lar
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be effective in some children with attention
deficit hyperactivity disorder.

MODANIFIL: psychostimulant. MOA not fully
known; it inhibits both NE & dopamine
transporters & inc. interstitial conc. of not only
NE & dopamine but also of serotonin &
glutamate while dec. GABA levels. Used in
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narcolepsy. Causes mild inc. in BP & heart rate.

TYRAMINE: Normal byproduct of TYROSINE
metabolism in body. Also found in high conc. in
some fermented foods like cheese. Readily

metabolized in liver by MAO. Orally inactive b/o
very high 1%t pass effect. ~ Given parentarlly
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has indirect sympathomimetic effect caused by
release of stored catecholamines.

So pts on MAOI must be very careful to

avoid tyramine containing foods.
CATECHOLAMINE REUPTAKE INHIBITORS:

Tricyclic ADs can inhibit NE & serotonin

- reuptake.
: ATOMOXETINE: selective inhibitor of NET. Used

in attention deficit disorder. It has little CV effect
' ' effect in CNS to dec.
ect

nidine like

It has clo
while potentiating the eff

beco;

sympathetic outflow

| Click to add notes
Scanned with CamScanner

e T of 39 Esam


https://v3.camscanner.com/user/download

_" I
/ HOome et Desgn &rumationg Hide Show Review Wurw Lf
= | 2 bayeut - s ® Ll (<3 ul L1 ) Nind
S Reset L LG . - -y ¥y Replace -
Paite FiFer i F| I s B Ai \ - = = B r & 3 . A AFTEGE
. Chile = hd Debrle ¥ \ ¥ : . o Select -
8= {sF Lgw] . i Faaent Pl grank [ iy Iditing
ides - Outhne %

_ small doses of the catecholamines produce
— greatly magnified effects in an individual taking
: cocaine. In addition, the duration of action of

epinephrine & NE is increased. Like
amphetamines, it can increase BP by a1
agonist actions and B stimulatory effects.
DOPAMINE AGONIST: LEVODOPA converted
to dopamine in body. Used in parkinsonism.

FENOLDOPAM D, agonist that selectively

leads to peripheral v.dilation in some vascular
beds. Used primarily in the IV treatment of
severe hypertension.
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== 1.Acute anaphylaxis: Syndrome of
bronchospasm, mucous membrane
congestion, angioedema & severe
hypotension respond rapidly to |/M(preftered
route) EPI becoz absorption from s/c inj. is
unpredictable.

2. As bronchodilator in severe acute
bronchial asthma.

3. Inducing local v.constriction & to prolong
the action of local anesthetics: EP| is
used topically in EPISTAXIS as nasal packs.
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e atons: 3, agonist
relaxe pregnant uterus. RITODR1NE
TERBUTALINE & similar drugs have been used
to suppress premature labor. Goal is to ensure
adequate maturation of fetus.
sympathomimelic therap
eatment of sti

senitourina ry ,*'"7"*”! 10 )ICe

L:_,.'[ |1-
vy occasionally useful in

ess Incontinence.

.CNS Applications: Amphe
elevatlng (EUPHORIANT) effect
basis videsg . Also used in

narcolepsy Modaflnll IS approved in ﬂarcoiepsv
Also used in a tion deficit hyperactivit

diso mr(behawaral syndrome consmtmg of

‘tamines have mood
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short attention span, hyperkinetic physical

behavior & learning problems). Methylphenidate
IS used for it.
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[ 7. Adaitional [ herapeutic uses: Clonidine

T apart from hypertension, is used in treatment of
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waretveins M perhaps b/o of its ability to enhance salt & water
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Iy absorption from intestine. In addition clonidine

e has efficacy in decreasing craving for narcotics
' & alcohol during withdrawal & may facilitate
cessation of cigarette smoking & also i
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ni i - lizanidine is a» agonist used as muscle relaxant
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. used for sedation

In ICU & during anesthesia.
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| 8. Treatment of Ac. Hypotension: may occur
In severe hemorrhage, dec. blood volume,
cardiac arrhythmias, neurological diseases or

accidents, ad. effects of antihypertensive drugs,
infections etc. If blood flow to vital organs Is
maintained, then i"l"_:r’I"":u_-._-.-r'u::ir:..r'n does no
vigrous treatment. Syi

be used in hvr
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. Treatment IS
usually of short duratlon while IV fluid or blood
Is being administered.
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reduction in perfusion of vital tissues & a wide
rﬁnge of systemic effects. Shock is usually
associlated with hy Vi otension, an altered mental
state, -:?I::l.l_';.ll__tr'l;-_i & metabolic acidosis. If untreated,
shock progresses to death. 3 major
mechanisms for shock are hypovolumia,
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cardiac ir auffir'-ifﬂnr'-'-f & altered vascular
resistance. Volume replacement & treatment of
underlymg cause are mainstay of treatment of
shock. In most forms of shock, intense
v.constriction b/o reflex symp. discharge is
present. So reducing rather than increasing
PVR may be more fruitful to improve blood flow
to vital organs. So a decision to use
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redistributing blood to coronaries & to brain
during cardiaopulmonary. resuscitation.
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Restlessness, nervousness, anorexia,
insomnia. In higher doses, may cause
anxiety, aggressiveness or paranoid

behaviour. Convulsions may occur.
a, agonists cause hypertension.

B, cause sinus tachycardia & serious
arrhythmias. B, sk. muscle tremors.

- Cocaine: Its major toxicities include
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Restlessness, nervousness, anorexia,
insomnia. In higher doses, may cause
anxiety, aggressiveness or paranoid
behaviour. Convulsions may occur.

a, agonists cause hypertension.
B, cause sinus tachycardia & serious
arrhythmias. [ , sk. muscle tremors.
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