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The A
utonom

ic N
ervous S

ystem
 (A

N
S

) is under control of 
the C

entral N
ervous S

ystem
 (C

N
S

)



toraco-lom
bar system

cranio-sacral system

PARASYM
PATHETIC 

DIVISIO
N

SYM
PATHETIC 

DIVISIO
N



Autonom
ic Nervous System

 fibers





The parasym
pathetic nervous system

 (PN
S) 

controls hom
eostasis of the body at rest and 

is responsible for the "rest and digest" 
function  

The sym
pathetic nervous system

 (SN
S) 

controls the body's responses to a 
perceived threat and is responsible for the 
"fight or flight" response

PN
S vs SN

S



Sistem
a parasim

patico
PARASYM

PATHETIC DIVISIO
N

N
E

R
V

I C
R

A
N

IC
I: 

III   oculom
otore 

V
II  faciale 

IX
   glossofaringeo 

X
    vago 



Eyes: 
A

ccom
m

odation 
for near vision 
M

iosis

Saliva: 
C

opious, liquid

H
eart: 

D
ecreased rate 

D
ecreased blood 

pressure

G
astro-intestinal 

tract: 
Increased secretion 
Increased peristalsis 
D

ecreased sphincter 
tone

B
ladder: 

Increased 
detrusor tone 
D

ecreased 
sphincter tone

B
ronchi: 

C
onstriction 

Increased 
secretion

"rest and digest" functions:



Sistem
a parasim

patico
SYM

PATHETIC DIVISIO
N



G
astrointestinal 

tract: 
D

ecreased peristalsis 
Increased sphincter 

tone 
D

ecreased blood flow

Eyes: 
P

upillary dilation

Saliva: 
Little, viscous

SN
C

: 
Increased drive 

and alertness

B
ronchi: 

D
ilatation

Liver: 
G

lycogenolysis 
G

lucose release

H
eart: 

Increased rate 
Increased force 
Increased blood 
pressure

B
ladder: 

D
ecreased detrusor 

tone 
Increased sphincter 
tone

Skeletal m
uscle: 

Increased blood flow
 

Increased 
glycogenolysis

Fat tissue: 
Lipolysis 
Fatty acids 
liberation

"Fight or flight" 
functions



C
IR

C
U

LA
R

 
m

uscles

R
A

D
IA

L 
m

uscles



The circular and radial m
uscles control the size of the pupil

M
iosis

P
upil constricts as 

C
IR

C
U

LA
R

 fibers 
contract 
(parasym

pathetic)

P
upil dilates as R

A
D

IA
L 

fibers contract 
(sym

pathetic)

M
idriasis



R
elaxed lens 

(m
ore flat)

A
ccom

m
odated lens 

(m
ore spherical)

C
iliary m

uscle 
relaxed

C
iliary m

uscle 
contracted

Lens 
attachm

ent 
fibers under 
tension

Lens attachm
ent 

fibers relaxed

The ciliary m
uscles control the shape of the lens

P
arasym

pathetic system
S

ym
pathetic system



H
ypogastric nerve 

(sym
pathetic ) 

U
rogenital 

diaphragm

Pudendal nerve 
(som

atic)

Pelvic nerve 
(Parasym

pathetic)
SYM

PATH
ETIC

D
etrusor 

m
uscle

B
ladder

External 
urethral 

sphincter

Internal 
urethral 

sphincter

Parasym
patic:

Parasym
pathetic 

system
:

Detrusor m
uscle 

contracts

Sym
pathetic system

:
Detrusor m

uscle relax
Internal urethral 
sphincter contracts



Intestinal tract

Longitudinal m
uscle

C
ircular m

uscle
Subm

ucosa 
G

land
Epithelium

Lum
en

Sym
pathetic system

: 
D

ecreased peristalsis 
Increased sphincter tone

Parasym
pathetic system

: 
Increased peristalsis 
D

ecreased sphincter tone
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A
C

ETYLC
H

O
LIN

E R
EC

EPTO
R

S 
(D

ale, 1914)

N
IC

O
TIN

IC
 

ionotropic
M

U
SC

A
R

IN
IC

 
m

etabotropic



Acetylcholine

M
uscarine

Nicotine



NICO
TINIC RECEPTO

R CLASSIFICATIO
N

SUBTYPE
M

AIN LO
CALIZATIO

N
M

EM
BRANE RESPO

NSE

M
uscle type

 (alpha1)2-
beta1-delta- 

epsilon

S
keletal neurom

uscular 
junction (m

ainly post-
synaptic)

E
xcitatory

G
anglion type

(alpha3)2-
(beta2)3

A
utonom

ic ganglia 
(m

ainly post-synaptic)
E

xcitatory

CNS type

(alpha4)2-
(beta2)3

(alpha7)5

M
any brain regions: pre- 

and post-synaptic 
E

xcitatory



NICO
TINIC RECEPTO

R CLASSIFICATIO
N

SUBTYPE
AG

O
NISTS

CLINICAL USE

M
uscle type

 (alpha1)2-
beta1-delta- 

epsilon

A
cetylcholine 

C
arbachol 

S
uccinylcholine 

S
uxam

ethonium

N
one 

N
one 

P
aralysis during 

anasthesia (short acting)

G
anglion type

(alpha3)2-
(beta2)3

A
cetylcholine 

C
arbachol 

N
icotine 

E
pibatidine

N
one 

N
one 

S
m

oke cessation 
N

one

CNS type

(alpha4)2-
(beta2)3

(alpha7)5

N
icotine 

E
pibatidine 

A
cetylcholine 

Varenicline

N
one 

N
one 

N
one 

S
m

oke cessation



NICO
TINIC RECEPTO

R CLASSIFICATIO
N

SUBTYPE
ANTAG

O
NISTS

CLINICAL USE

M
uscle type

 (alpha1)2-
beta1-delta- 

epsilon

Tubocurarine 
P

ancuronium
 

A
tracurium

 
Vecuronium

P
aralysis during 

anaesthesia

G
anglion type

(alpha3)2-
(beta2)3

M
ecam

ylam
ine 

Trim
etaphan 

H
exam

ethonium
O

bsolete anti-
hypertensive drug

CNS type

(alpha4)2-
(beta2)3

(alpha7)5

M
ecam

ylam
ine 

M
ethylaconitine 

A
lpha-bungarotoxin 

A
lpha-conotoxin

C
rosses the B

B
B

 
(antagonizes nicotine  
C

N
S

 effects) 

N
one



M
USCARINIC RECEPTO

R CLASSIFICATIO
N

SUBTYPE
M

AIN LO
CATIO

N
FUNCTIO

NAL RESPO
NSE

M
1

("neural)
Cerebral cortex 
Autonom

ic ganglia 
CNS excitation 
G

astric secretion 

M
2

("cardiac")
Heart: atria 
CNS

Cardiac inhibition (bradicardia) 
Neural inhibition

M
3

("G
landular - 

Sm
ooth 

m
uscle")

Exocrine glands: gastric, 
salivary, etc 
Sm

ooth m
uscle: G

I tract, eye, 
airways, bladder 
Blood vessel (endothelium

)

G
astric, salivary secretion 

Contraction, ocular 
accom

odation 
Vasodilatation (NO

-m
ediated)

M
4

CNS
Enhanced locom

otion

M
5

CNS (very localized expression)
Not known



M
USCARINIC RECEPTO

R CLASSIFICATIO
N

SUBTYPE
AG

O
NISTS

CLINICAL USE

M
1

("neural)

NO
N-SELECTIVE: 

Acetylcholine 
Carbachol 
Pilocarpine 
Bethanechol 

- - G
laucom

a 
Treatm

ent of bladder and 
gastrointestinal hypotonia

M
2

("cardiac")
Not known

M
3

("G
landular - 

Sm
ooth 

m
uscle")

SELECTIVE: 
Cevim

eline
Sjögren'syndrom

e (to increase 
salivary and lacrim

al secretion)

M
4

Not known
Not known

M
5

Not known
Not known



M
USCARINIC RECEPTO

R CLASSIFICATIO
N

SUBTYPE
ANTAG

O
NISTS

CLINICAL USE

M
1

("neural)

NO
N-SELECTIVE: 

Atropine 
O

xibutynin 
Ipatropium

 

SELECTIVE: 
Pirenzepine 

O
phthalm

ic (m
idriasis and 

paralisis of accom
odation) 

Prevention of m
otion sickness 

CO
PD and Asthm

a  
Anaesthetic prem

edication 

Inhibition of gastric secretion

M
2

("cardiac")
G

allam
ine

M
3

("G
landular - 

Sm
ooth 

m
uscle")

SELECTIVE 
Darifenacin

Urinary incontinence

M
4

Not known
M

5
Not known
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N
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N
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ADRENERG
IC RECEPTO

R CLASSIFICATIO
N

The m
ain pharm

acological classification into alfa (α) and beta (β) was 
originally based on order of potency of agonists: 

alfa (α): Epinephrine = NE > dopam
ine > isoproterenol 

beta (β): Isoproterenol > Epineprine > NE > dopam
ine 

Epinephrine and Norepinephrine show relatively little receptor selectivity



ADRENERG
IC RECEPTO

R CLASSIFICATIO
N

SUBTYPE
M

AIN LO
CATIO

N
FUNCTIO

NAL RESPO
NSE

Alpha 1

Blood vessels 

G
I tract 

G
I sphincters 

Bladder sphincter 
Iris

Contraction 

Relaxation 
Contraction 
Contraction 
Contraction (m

idriasis)

Alpha 2
Presynaptic brain stem
Presynaptic nerve term

inals
Inhibition of sym

pathetic outflow 
Decreased release of 
neurotransm

itters



ADRENERG
IC RECEPTO

R

SUBTYPE
AG

O
NISTS

CLINICAL USES

Alpha 1
Phenylephrine 
M

ethoxam
ine

Nasal decongestion

Alpha 2
Clonidine

Hypertension

ANTAG
O

NISTS
CLINICAL USES

Alpha 1
Prazosin 
Doxazocin 
Tam

sulosin

Hypertension 

Benign prostatic hypertophy

Alpha 2
Yohim

bine 
No clinical use



ADRENERG
IC RECEPTO

R CLASSIFICATIO
N

SUBTYPE
M

AIN LO
CATIO

N
FUNCTIO

NAL RESPO
NSE

Beta 1

Heart 

Kidney (iuxtaglom
erular 

apparatus)

Increase rate and force of 
contraction 

Renine release

Beta 2

Sm
ooth m

uscle:
bronchi, blood vessel 
ciliary, G

I tract, bladder detrusor

Skeletal m
uscle 

Liver

Dilate 

Relax 

Increase m
ass, trem

or 

G
lycogenolysis

Beta 3
Fat tissue

Lipolysis, therm
ogenesis



ADRENERG
IC RECEPTO

R

SUBTYPE
AG

O
NISTS

CLINICAL USES

Beta 1
Dobutam

ine
Cardiogenic shock

Beta 2
Salbutam

ol 
Terbutaline 
Form

oterol
Asthm

a

Beta 3
M

irabegron
Sym

ptom
s of overactive bladder



ADRENERG
IC RECEPTO

R

SUBTYPE
ANTAG

O
NISTS

CLINICAL USES

Beta 1
Propranolol 
Alprenolol 
M

etoprolol 
Nevibolol

Angina pectoris 
Hypertension 
Cardiac dysrhytm

ias 
(Anxiety, trem

or) 

Beta 2
Butoxam

ine
None

Beta 3



Effect of intravenous infusion of Norepinephrine, 
Epinephrine or Isoproterenol in hum

an beings

PERIPHERAL
RESISTANCE

BLOOD 
PRESSURE

(mm Hg)

PULSE 
RATE 
(min)



Effect of intravenous infusion of Norepinephrine, 
Epinephrine or Isoproterenol in hum

an beings



B
A

R
O

C
EPTO

R
, C

H
EM

O
C

EPTO
R

 A
N

D
 

C
A

R
D

IO
VA

SC
U

LA
R

 R
EG

U
LATIO

N



H
EA

R
T

Fosforilazione dei canali L del calcio 

Fosforilazione di siti nel reticolo sarco plasm

atico (SR) con aum
ento di release di calcio (CICR)


Fosforilazione della catena leggere della m
iosina

PHO
SPHO

RYLATIO
N O

F L-TYPE CALCIUM
 CHANNELS


INCREASE O
F CICR (CALCIUM

 INDUCED CALCIUM
 RELEASE) 


----> PO
SITIVE INO

TRO
PIC    




VA
SA

L SM
O

O
TH

 M
U

SC
LE

INHIBITIO
N O

F M
LCK (M

YO
SIN LIG

HT CHAIN KINASE) -----> VASO
DILATATIO

N



