
Chapter 11 Chapter 47

The Autonomic Nervous System
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AUTONOMIC NERVOUS SYSTEM

Motor part of the nervous system that regulates our internal

organs. Targets are:

SMOOTH MUSCLE

SKELETAL MUSCLE

GLANDS

ADIPOCYTES

IMMUNE SYSTEM

We can’t control it (autonomic)



THE AUTONOMIC NERVOUS SYSTEM IS DIVIDED IN:

A. SYMPATHETIC NERVOUS SYSTEM

B. PARASYMPATHETIC NERVOUS SYSTEM

C. ENTERIC NERVOUS SYSTEM



Wikipedia
By Geo-Science-International - Own work, CC0, 
https://commons.wikimedia.org/w/index.php?curid=47377075



AUTONOMIC TONE

In basal conditions there is a tonic activity 

of the sympathetic and parasympathetic 

nervous systems

This activity is unbalanced in favor of one 

or the other in opposite environmental or 

behavioral conditions

While the notion of a generalized and 

massive intervention on all the organs of 

the two branches in extreme behavioral 

conditions remains valid for educational 

purposes, more and more data are 

accumulating that show how the action of 

the SNA can be realized in a selective 

and discreet way on some organs in 

response to specific stimuli
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Fig. 47.3 Kandel

The Enteric Nervous System



Sympathetic and parasympathetic control of the 

enteric nervous system

The plexuses of the 

enteric nervous system 

receive:

Post-ganglionic
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Pre-ganglionic

parasympathetic fibers
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SYNAPTIC ORGANIZATION OF ANS GANGLIA

The sympathetic and parasympathetic preganglionic neurons 

release Acetylcholine, which binds to nicotinic and muscarinic 

receptors located on the postganglionic neuron membrane



SYNAPTIC ORGANIZATION OF ANS GANGLIA

http://www.mfi.ku.dk/ppaulev/chapter6/chap6_bog2.htm

ACh Nicotinic receptors are:

i) ionotropic (cationic);

ii) subtype N2  - different from that

found in skeletal mucle cells

(N1);

iii) Blocked by Hexamethonium

(N1 receptors are blocked by 

tubocurarine)

The link between acetylcholine and the nicotinic receptor 

determines the onset of a rapid local (depolarizing) potential



The muscarinic receptors are metabotropic and are activated only 

after prolonged stimulations (trains of impulses, maintained for 

a few seconds).

In postganglionic neurons a hyperpolarizing current, the M current, 

is present at basal conditions due to the opening of numerous 

passive channels for K+. The activation of muscarinic receptors 

determines the closure of the K+ channels with blockade of the 

M current, causing a slow depolarization.

Thus, ACh release induces a biphasic electrical signal in post-

ganglionic neurons:

Fast EPSP (nicotinic) followed by a

Slow EPSP (muscarinic)

SYNAPTIC ORGANIZATION OF ANS GANGLIA



Many autonomic ganglia also contain interneurons

• catecholaminergic (Dopamine), 

• called "small, intensely fluorescent (SIF) cells" (identifiable 

with fluorescent dyes)

• which mainly have inhibitory effects on the postganglionic 

neuron

SYNAPTIC ORGANIZATION OF ANS GANGLIA



http://tbn0.google.com/images?q=tbn:mRUNbUDN6gQ_sM:http://users.uniud.it/fazzini/AnFis/nervoso/noradrenal.GIF

POST-GANGLIONIC SYMPATHETIC NEURONS

Neurotransmitter: NORADRENALINE

Postganglionic sympathetic neurons can co-release, together 

with NA, other substances such as somatostatin, 

neuropeptide Y and ATP, with slow postsynaptic effects

Exception: eccrine sweat glands (acetylcholine)

http://images.google.it/imgres?imgurl=http://users.uniud.it/fazzini/AnFis/nervoso/noradrenal.GIF&imgrefurl=http://users.uniud.it/fazzini/AnFis/nervoso/sistema_nervoso.htm&h=540&w=720&sz=4&hl=it&start=8&um=1&tbnid=mRUNbUDN6gQ_sM:&tbnh=105&tbnw=140&prev=/images?q%3Dnoradrenalina%26um%3D1%26hl%3Dit%26rlz%3D1T4ADBF_itIT218IT220%26sa%3DN


The adrenal medulla is an endocrine gland, considered

homologous to a sympathetic ganglia: 

• it is innervates by pre-ganglionic sympathetic fibers

• it originates from the neuroectoderm

• it synthesizes and secretes in the bloodstream noradrenaline 

and adrenaline (chromaffin cells)

ADRENAL MEDULLA



THE ADRENAL MEDULLA IS THE ONLY ʺSYMPATHETIC 

POSTGANGLIONIC CELLʺ 

• Chromaffin cells of the adrenal medulla, 
differently from postganglionic sympathetic
neurons, express the enzyme Phenyl-
ethanolamine-N-methyl-transferase, PNMT
(NA A)

Cortisol released from the adrenal 
cortex induces the PNMT expression 
in the medulla stimulating Adrenaline 
synthesis



ADRENAL MEDULLA

The activity of the Adrenal medulla increases generally in 

conditions of generalized sympathetic activation:

- physical exercise

- Stress

- Immune challenge



(NOR)ADRENERGIC RECEPTORS

The effects of NA and A on target organs are mediated by 

alpha or beta adrenergic receptors

The adrenergic receptors are metabotropic



alpha-receptors beta-receptors

Alpha1 Alpha2 Beta1  Beta2 Beta3

Agonists: Phenylephrine

NA =/> Adr

Clonidine

NA > Adr

Isoproterenol

Dobutamine

Adr = NA

Isoproterenol

Salbutamol

Adr > NA 

Mirabegron

NA > Adr

Antagonists: Prazosin Yohimbine Propranolol

Athenolol

Propranolol

Butoxamine

Carvedilol

(NOR)ADRENERGIC RECEPTORS



(NOR)ADRENERGIC RECEPTORS

Second messengers involved in intracellular signal transduction:

RECEPTOR SECOND MESSENGER

ALPHA 1 Increase

DAG e Inositol-triphosphate (IP3),

(increase citosol [Ca++])

ALPHA 2 Reduction cAMP

(prevalently autoreceptors)

BETA 1 Increase cAMP

BETA 2 Increase cAMP

BETA 3 Increase cAMP



SYMPATHETIC INFLUENCES

CARDIOVASCULAR FUNCTION

Heart (Beta 1 receptors)

SA, AV nodes

enhanced automaticity (tachycardia)

increased pulse conduction speed

Atrial and ventricular myocardium

enhanced excitability

increase in contraction force 





CARDIOVASCULAR FUNCTION

Arteries

Cutaneous and splanchnic district

vasoconstriction (Alpha 1)
The innervation is exclusively sympathetic. The basal tone activity 

of sympathetic nerves maintains a vasoconstrictor tone. Basal tone 

reduction produces vasodilation.

Muscle and cardiac district

vasodilation (Beta 2) 
The control over the muscular district is mainly dependent on the 

metabolites produced during muscle activity

Veins

Venoconstriction (Alpha 1) 

SYMPATHETIC INFLUENCES



RESPIRATORY FUNCTION

Airways 

bronchodilation (Beta 2)

Ventilation

no direct effect 

SNA does not control the frequency and depth of breaths, which 

depend on the activity of skeletal muscles controlled by somatic 

nerves. This activity can be modified by higher nerve centers 

involved in central regulation of SNA

SYMPATHETIC INFLUENCES



GI FUNCTION 

SNS modulates ENS

Stomach and Intestines

Wall (motility) 

relaxation (Beta 2, Alpha 2)

Sphincters

contraction (Alpha 1)

Secretions (also exocrine pancreas)

inhibition or no effect (Alpha 2)

SYMPATHETIC INFLUENCES



RENAL FUNCTION

Iuxtaglomerular apparatus

Induces renin secretion Beta 2

SYMPATHETIC INFLUENCES



URINARY FUNCTION

Bladder

Wall

relaxation (Beta 3)

Internal sphincter

contraction (Alpha1)

SYMPATHETIC INFLUENCES



GENITO-REPRODUCTIVE FUNCTION

Males

contrast erection (vasoconstriction)

induces ejaculation (Alpha 1)

Females

pregnant uterus

contraction (Alpha 1)

non-pregnant uterus

relaxation (Beta 2)

SYMPATHETIC INFLUENCES



EYE (VISION)

Ciliary muscle

relaxation (Beta 2)

(crystalline convex reduction: better vision from afar)

Iris radial muscle (dilator)

contraction, with consequent pupillary dilation(Alpha 1)

 (mydriasis)

SYMPATHETIC INFLUENCES



SALIVARY GLANDS

dense and viscous secretion (rich in amylase)

(Beta 1 and Alpha 1)

SYMPATHETIC INFLUENCES



METABOLIC FUNCTION

Liver

glycogenolysis and gluconeogenesis (Beta 2)

Adipose tissue

lipolysis (Beta 3)

Endocrine Pancreas

prevalent effect: reduction of insulin release 

(Alpha 2)

SYMPATHETIC INFLUENCES



IMMUNE FUNCTION

Inhibits the immune system (Beta 2).

SYMPATHETIC INFLUENCES



POST-GANGLIONIC PARASYMPATHETIC NEURONS

• parasympathetic postganglionic neurons release 

ACETHYLCOLINE

• The effects of ACh are mediated by muscarinic receptors

(metabotropic)

• the typical agonist is MUSCARINE, contained in the poisonous 

mushroom Amanita Muscaria

• the muscarinic effect of ACh is selectively blocked by 

ATROPINE, a substance extracted from belladonna berries.

• Parasympathetic postganglionic neurons can co-release other 

substances (eg VIP) that have slower postsynaptic effects



CHOLINERGIC RECEPTORS (TARGETS) 

Second messengers involved in intracellular signal transduction:

RECEPTOR SECOND MESSENGER

M1 Enhanced production of

DAG and Inositol-triphosphate (IP3),

(increase citosol [Ca++])

M2 Reduction AMPc

M3 Enhanced production of

DAG and Inositol-triphosphate (IP3),

(increase citosol [Ca++])

M4, M5,..



Nicholls et al. From Neuron to brain (2001)

M2 Receptors:

direct action of the G protein (beta-gamma subunit) on K + channels 

in the sinoatrial node hyperpolarization

CHOLINERGIC RECEPTORS (TARGETS) 



induction of nitric oxide (NO) synthesis in the endothelium, 

whose release determines inhibition of smooth muscle fiber with 

consequent vasodilation:

i) In the cerebral district

ii) In the genital district (erection)

M3 Receptors:

Sildenafil blocks 

PDE  V, which

degrades GMPc

Nicholls et al. From Neuron to brain (2001)

CHOLINERGIC RECEPTORS (TARGETS) 



PARASYMPATHETIC INFLUENCES

CARDIOVASCULAR FUNCTION

Heart (M2 receptors)

SA, AV nodes

reduced automaticity (bradycardia)

reduced pulse conduction speed

Atrial and ventricular myocardium

reduced excitability

decrease in contraction force



CARDIOVASCULAR FUNCTION

Arteries

Cerebral and genital district 

vasodilation (M3), mediated by endothelial release of 

NO. 

In both cases there are nitrergic nervous fibers

In other districts parasympathetic innervation is absent

PARASYMPATHETIC INFLUENCES



RESPIRATORY FUNCTION

Airways

bronchoconstriction (M3)

PARASYMPATHETIC INFLUENCES



GI function

PNS modulates ENS

Stomach and intestines

Wall (motility)

contraction (M1 and M3) 

Sphincters

relaxation (M3) 

Secretions (also exocrine pancreas)

stimulation

gastric acid secretion (M1) 

PARASYMPATHETIC INFLUENCES



URINARY FUNCTION

Bladder

Wall

contraction M3

Internal Sphincter

relaxation NO/VIP (↓ α1)

PARASYMPATHETIC INFLUENCES



GENITO-REPRODUCTIVE FUNCTION

Males

erection (M3 - NO)

gland secretions M3 

Females

clitoral tumescence (M3 - NO)

gland secretions M3 

PARASYMPATHETIC INFLUENCES



EYE-VISION

Ciliary muscle

contraction M3

(increased crystalline convexity with better proximal 

vision)

Iris sphincter muscle (constrictor)

contraction, with consequent reduction of the pupillary 

diameter (MIOSIS) M3

PARASYMPATHETIC INFLUENCES



SALIVARY GLANDS

Serous secretion M3 (the co-released VIP acts as the main vasodilator)

Nicholls et al. From Neuron to brain (2001)

PARASYMPATHETIC INFLUENCES



METABOLIC FUNCTION

Liver M3

(glycogen synthesis-maybe)

Adipose tissue

none

Endocrine Pancreas M3

(enhanced production of insuline and glucagone 

- maybe)

PARASYMPATHETIC INFLUENCES



CARDIAC AUTONOMIC TONE

If, both sympathetic and parasympathetic nervous system are blocked, 

heart rate settles at around 100 bpm

In basic conditions, therefore, the parasympathetic tone predominates at 

the cardiac level, since the heart rate is around 70 bpm
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Autonomic reflex

Reflex arc

1) receptor

3) Integration 

centre

5) target

2) Afferent arm

4) Efferent arm



Fig. 11.3 Berne-Levy

MICTURITION REFLEX

During bladder filling, the mechanoreceptors signal an increase in 
intravesical pressure

initially the pressure slowly increases because sympathetic nerves, 
reflexively, facilitate the releasing of the detrusor smooth muscle

when a filling level is reached that approaches the maximum bladder 
capacity (about 300 ml), the pressure increases and the afferent signal 
activates the sacral parasympathetic nerve and the Barrington pontine 
nucleus, whose activity, in turn, inhibits the sympathetic nerve, activates 
the parasympathetic nerves and inhibits the somatic motor neurons 
originating in the Onuf nucleus



Fig. 11.3 Berne-Levy

MICTURITION REFLEX

for urination to begin, however, it is necessary to remove, through a 
voluntary act, the tonic inhibition by the higher centers on the Barrington 
nucleus, favoring the reflex action linked to the distension of the bladder 
and promoting the relaxation of the striated external sphincter

once started, urination is maintained in a reflex way by the 
mechanoceptive afferents, which detect the increase in tension in the 
detrusor contracted and continue to maintain the parasympathetic 
activation



Fig. 47.8 KandelThe Baroreceptor Reflex 
for the control of blood 
pressure



The inflammatory reflex
(the real inflammatory reflex)



The Body’s Two Supersystems



The Body’s Two Supersystems



The Body’s Two Supersystems



The Body’s Two Supersystems



How did a straight neuroscientist 

get involved in this minefield? 



Ulrich Dirnagl



NATURE REVIEWS NEUROSCIENCE VOLUME 6 OCTOBER 2005,  778



Robin M. McAllen



Sympathetic classes

• Muscle Sympathetic (VC +?)

• Skin vasoconstrictor x 2+

• Skin vasodilator

• Heart x 3+?

• Sudomotor

• Pilomotor

• Renal x 2+

• Visceral vasoconstrictor x?

• Gut motility regulator x 2+

• Gut secretion inhibitor

• Bronchodilator

• Nasal vasoconstrictor

• Salivary gland

• Pupillodilator

• Levator palpebri

• Bladder detrusor, sphincter

• Genital vasoconstrictor

• Vas deferens 

• Lipomotor white

• Lipomotor BAT 

• Adrenal NE

• Adrenal E

• Etc.

  



Courtesy of

Colin Anderson
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Sympathetic classes

• Muscle Sympathetic (VC +?)

• Skin vasoconstrictor x 2+

• Skin vasodilator

• Heart x 3+?

• Sudomotor

• Pilomotor

• Renal x 2+

• Visceral vasoconstrictor x?

• Gut motility regulator x 2+

• Gut secretion inhibitor

• Bronchodilator

• Nasal vasoconstrictor

• Salivary gland

• Pupillodilator

• Levator palpebri

• Bladder detrusor, sphincter

• Genital vasoconstrictor

• Vas deferens 

• Lipomotor white

• Lipomotor BAT 

• Adrenal NE

• Adrenal E

• Etc.

• Immunomodulator ?

  



Inflammation – the first stage of 

innate immunity
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Cytokines
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Infection or

Injury
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Inflammation – the first stage of 

innate immunity

INFLAMMATION



Inflammation

Tissue damage

Shock,  Death

Mobilizes host defence

Tissue repair

Immunosuppression

Secondary infection, Death

S
tr

e
n
g
th

 o
f 
re

s
p
o
n
s
e
 

Too strong

Too weak

Just right



The Inflammatory Reflex
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The Inflammatory Reflex
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The Inflammatory Reflex

TNFα

Cytokines

Detector cell

Excitatory

(humoral)

Inhibitory

(neural)

-
+Inflammatory

stimulus



What is the pathway?



Nature 2002: An influential review
(>1700 citations)   





Vagus



Cytokine experiments:

Which neural pathways suppress inflammatory 

cytokine release? (measure TNFα)
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Inflammatory Reflex Pathway
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TNFα experiments
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Interpretation

The neural signals that damp down the

release of TNFα into the blood stream

travel in sympathetic nerves, not the vagus



Martelli et al., AJP Reg 2019
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