The Autonomic Nervous System

1) Organization of the ANS:

a) Parasympathetic and Sympathetic

b) Functions to maintain homeostasis

c) responds to signals that originate elsewhere in the nervous system

d) afferent nerves bring information in

e) efferent nerves take motor information out to the limb

2) Autonomic nervous system can be activated by:

a) sensory input from afferent nerves present within the viscera (visceral afferent fibers)

i) cell bodies located in DRG or cranial nerve ganglia

ii) convey info about the internal environment

(1) stretch, pressure, noxious stimuli

iii) receptors are called enteroreceptors
iv) axons travel in both sympathetics and parasympathetics

v) called autonomic afferent nerves

b) cells in the CNS – monitor blood composition

c) input from external environment (somatic afferent fibers)

i) located in cranial and spinal nerves

ii) temperature, pain, light

d) input from cortical centers

i) regions of ancient brain (limbic system)

ii) perceived threats, anxiety, excitement, sexual arousal

3) ANS Integration

a) Occurs within spinal cord or brain

b) Hypothalamus, pons, medulla

4) Efferent components of the autonomic reflex arc

a) Somatic vs. Autonomic

i) Somatic motor system

(1) Rapid voluntary actions

(2) Last inter-neuronal synapse within CNS

ii) Autonomic motor system

(1) Slower involuntary actions

(2) Last inter-neuronal synapse within a peripheral ganglion

b) Parasympathetic system

i) Cranial-sacral outflow of CNS

ii) Motor fibers present only in 

(1) CN III, VII, IX, X

(a) Smooth muscle of head, neck, upper abdomen

(b) Cardiac muscle

(2) Pelvic nerves in S1-4

(a) Lower abdominal structures

iii) Long pre-ganglionic axon syanpsing near or within target organ

iv) Short post-ganglionic axon

c) Sympathetic system

i) Located in intermediolateral column of spinal cord (T1-L2)

ii) Exit spinal column in ventral root

iii) Enter paravertebral chain thru white communicating ramus

(1) 21-22 paravertebral ganglia in each chain

(2) nerves can travel up and down the chain beyond points of origin

iv) Can do several things once in the ganglion

(1) Synapse with a cell in the ganglion

(a) Postganglionic axons from ganglion may:

(i) Leave ganglion thru gray communicating ramus

1. Unmyelinated, reconnects with spinal nerve

2. Axons carried w/ spinal nerves to distribution points

3. Vascular smooth muscle in skeletal muscle and skin, piloerector muscles, sweat glands

(ii) Leave ganglion directly to target organ

1. May travel with arteries, nerves, plexuses, individually

2. Applies mainly to ganglia above or below T1-L2

(2) Travel up and down the chain

(3) Leave the chain via splanchnic nerve onward to a prevertebral ganglion, where it synapses

v) Short pre-ganglionic axon

vi) Long post-ganglionic axon

5) Ganglionic Neurotransmission

a) Neurotransmission by way of synapses

b) Acetylcholine is neurotransmitter

c) Post-ganglionic receptors are nicotinic cholinergic receptors

i) Show different selectivity to blocking agents than similar skeletal muscle receptors

(1) Hexamethonium blocks ANS type

(2) Curare blocks skeletal muscle type

d) Sympathetic ganglia

i) Far removed from target organ

ii) Postganglionic can receive input from ~30 difference preganglionic fibers

iii) Single preganglionic axon contacts many cells

iv) Diffuse activation – multiple systems activated concurrently

e) Parasympathetic ganglia

i) Close or within target organ

ii) Ratio of preganglionic axons to postganglionic cells is 1:1

iii) Discrete activation

6) Autonomic neuroeffector transmission

a) Ganglia give rise to small unmyelinated axons which go to target organs

b) Postganglionics form a mesh around target cells in target organ called ground plexus.

i) Location of neurotransmission called a varicosity
(1) Dilated axon with interrupted schwann cell enclosure

(2) May be close or far (several microns) from target

(3) Vesicle mediated transport and release of neurotransmitter

(4) No synaptic membrane specializations exist

(5) Space not called synapse; called junction

(6) Prejunctional and postjunctional elements

c) Target cell contains receptors activated by neurotransmitter

d) Altered ion conductance or second messenger pathways result from stimulation

e) Parasympathetic system

i) Promotes functions related to protection or conservation

ii) Prejunction

(1) Acetylcholine is neurotransmitter

(a) Synthesized in varicosity by ChAT

(b) Placed into vesicles by transporter protein

(2) Also vasoactive intestinal neuropeptide (VIP) is present

(3) NO (gaseous)

(a) Synthesized on demand by NOS

iii) Postjunction

(1) Muscarinic receptors

(a) Have a preference for muscarine
(b) 5 identified

(i) 1,3,5 have excitatory effects & lead to IC increase in IP3
(ii) 2,4 inhibit adenylate cyclase

(c) Blocked by atropine

(d) Not affected by nicotine, curare, hexamethonium

(2) Receptors to VIP exist – activation leads to smooth muscle relaxation

(3) NO directly interacts with guanylate cyclase in postjunctional cell

(a) Increases IC cGMP

(b) Relaxation of vascular smooth muscle

iv) Varicosities have feedback inhibition (prejunctional)

(1) Muscarinic receptors – inhibitory to neurotransmitter release

(2) VIP and NO receptors also present on some varicosities

v) Inactivation of neurotransmitter:

(1) AchE terminates action of acetylcholine

(a) Acetylcholine broken down into acetic acid & choline

(i) Recycled and used again for transmitter synthesis

(2) VIP broken down by peptidases

(3) Diffusion “inactivates” NO

f) Sympathetic system

i) Promotes “activated” states in cells

ii) Can be excitatory or inhibitory depending on receptor

iii) Prejunction

(1) 95% of time norepinephrine is neurotransmitter

(a) adrenergic or noradrenergic neuroeffector transmission

(2) 5% of time cholinergic transmission

(a) sweat glands

(b) “postganglionic cholinergic sympathetic” neurons

(3) Norepinephrine

(a) Synthesized from tyrosine

(b) Tyrosine converted into DOPA by tyrosine hydroxylase

(c) DOPA converted into dopamine by DOPA decarboxylase

(d) Dopamine converted to NE by DBH (in the vesicle)

(e) DBH has long half-life – used as an indicator of SNS activity

(f) NE  can be further converted to epi in adrenal medulla

(4) Neuropeptide commonly found in varicosities

(a) NPY

(b) Somatostatin

(c) Enkephalins

(5) Noradrenergic vesicles can be recognized by dense cores

(6) Dopamine, NE, Epi belong to class of compounds called catecholamines or monoamines
iv) Postjunction

(1) Receptors bind NE

(2) Adrenoreceptors

(a) Alpha and beta classes

(i) Alpha 1,2 and beta 1,2,3

v) Inactivation of NE

(1) Re-uptake is primary mode of inactivation (80%)

(2) NET removes NE from junctional region

(3) NE re-uptake to synaptic vesicles by VMAT

(4) Chemicals interfere with re-uptake process

(a) Cocaine, tricyclic antidepressants

(b) Tyramine uptaken with great affinity – displaces NE – NE is dumped out into junction

(5) Catecholamine catabolizers

(a) COMT and MAO

(b) 10% of total NE inactivated in this manner

(6) 10% of NE diffuses away from junction

vi) Autoreceptors & heteroreceptors

(1) Alpha-2 receptor (autoreceptor)

(a) Detects [NE]

(b) When activated inhibits release of all neurotransmitter in prejunction

(c) Alpha-2 agonists inhibit NE release

(2) Muscarinic heteroreceptor

(a) Inhibits sympathetic neurotransmitter release

(b) Parasympathetics releasing ACh can turn off sympathetic neurotransmitter release (prejunctional inhibition)

(c) Heart, tarsal muscles

(d) Other populations of nerves can affect sympathetic activity

g) Adrenal medulla

i) Preganglionic cholinergic fibers from splanchnic nerve enter celiac ganglion, do not synapse, and go to adrenal medulla

ii) Form nicotinic synapses on medullary cells

iii) Medullary cells do not have axons

iv) Dump catecholamines directly into blood when excited

(1) 80% NE, 20% Epi

v) Also contain PNMT

(1) Converts NE to Epi

vi) Alternative pathway for sympathetic activation – sympathoadrenal system

vii) Metabolic challenges, stress, “fight or flight”

h) Adrenergic Receptors

i) Separated by sensitivity to drugs

(1) ( inhibited by phentolamine, not isoproterenol

(2) ( activated by isoproterenol but not phenylephrine

ii) ( receptors

(1) Both types ((1, (2) found within smooth muscle

(2) Equal sensitivity to NE and Epi

(3) (1

(a) Located on postjunctional membrane

(b) Direct contact with adrenergic varicosity

(c) Activated selectively by phenylephrine

(d) Smooth muscle, mediate all sympathetic excitatory actions

(4) (2

(a) Found in regions of target with no direct innervation (extrajunctional)

(b) Located on effector organ cells

(c) Present in same targets that have hi (1 content

(d) Activated by circulating catecholamines

(e) Prejunctional feedback inhibition receptors are (2

(i) Clonidine selectively activates

iii) ( receptors

(1) Stimulated by isoproterenol

(2) (1

(a) Heart and kidney (renin release)

(b) Always excitatory

(c) Equal response to NE and Epi

(3) (2

(a) All other tissues

(i) Smooth and skeletal muscle, salivary glands, liver

(b) NE has little effect – hi response to circulating Epi vs. NE from neural stimulation

(c) Inhibitory to smooth muscle

(d) Excitatory in glands, liver, skeletal muscle

(4) (3

(a) Adipose tissue

(b) Excitatory – elicit lipolysis

i) Actions of neuropeptides

i) Sympathetic and parasympathetic

ii) Co-localized w/ conventional neurotransmitters

iii) Can influence ANS in 3 ways

(1) Direct, receptor mediated effects (co-transmitter)

(2) Modify effects of primary neurotransmitter (neuromodulator)

(3) Alteration of feedback mechanism

iv) Long-acting trophic effects on targets

7) Interactions between ANS and end organs

a) Tone

i) ANS modulates, doesn’t initiate

ii) Pathways are always on

iii) 2-4 Hz

(1) yields ½ max excitation in target

iv) Modulation by different rates of nerve input to organ

v) Organ activity called tone
vi) Loss of activity called atony
(1) Organs tend to maintain some degree of tone even in absence of innervation

b) Denervation supersensitivity

i) Increase response to neurotransmitter in absence of innervation

ii) Partially restores organ tone after injury

iii) Up-regulation of neurotransmitter receptors on target cells

iv) Adrenergic system is different

(1) Due to the loss of re-uptake mechanism in injured prejunctional cell

(2) Neurotransmitter is not removed from junction and resulting hi concentration stimulates postjunctional receptors more than normal (supersensitivity)

8) Autonomic control of visceral organ function

a) Parasympathetic

i) Conservation of resources

ii) Protection of organs

iii) Comfortable existence

iv) Rules

(1) Excite any gland

(2) Excite non-vascular smooth muscles, except sphincters

(3) Inhibit all sphincters, except iris

(4) Inhibit vascular smooth muscle

(5) Inhibit heart

b) Sympathetic

i) Energizing the body

ii) Dealing with physical demands & stress

iii) Rules

(1) Excites smooth muscle via (1 and (2 receptors

(2) Relaxes smooth muscle via (2 receptors

(3) Excites heart and kidney via (1

(4) Always excites glands ((, (2, muscarinics)

c) ANS control of ocular function

i) Heavy ANS innervation in eye

ii) Both PNS and SNS

iii) PNS

(1) Limits light to retina

(a) Contracts pupillary sphincter muscle
(b) Contraction called miosis
(c) Cholinergic muscarinic response (CN III)

(2) Near vision pupil constriction

(a) Excitation of ciliary muscle (smooth)

(i) Lens becomes spherical

(b) Cholinergic muscarinic response (CN III)

(3) Glandular secretions

(a) Lacrimal gland

(b) Cholinergic muscarinic excitatory effect (CN VII)

(c) SNS does not affect lacrymation

iv) SNS

(1) Distance and night vision

(2) Dilates pupil (mydriasis)

(a) Noradrenergic (1 stimulation of radial smooth muscle

(3) Distance vision

(a) Dilation w/ relaxation of ciliary muscle

(b) Weak (2 SNS response

(c) Lens gets flatter

(4) Eyelids

(a) Tarsal muscle

(b) Contraction by SNS noradrenergic (1 activation

(c) Widens eyelid fissure

(5) SNS fibers from ipsilateral superior cervical ganglion

(6) Damage

(a) Drooping of eyelid (ptosis)

(b) Chronically constricted pupil

(c) Facial flushing

d) ANS control of respiration

i) SNS & PNS

ii) PNS

(1) Decreases diameter of trachea & bronchioles

(a) Respiratory smooth muscle contraction

(2) Glandular secretions

(a) Nasopharyngeal glands – mucus

(3) Located in vagus nerve and pulmonary plexus

iii) SNS

(1) Paravertebral ganglia

(2) NE

(3) Relaxes trachea & bronchioles ((2)

e) ANS control of digestion

i) Controls motility and glandular secretion

ii) Salivary glands (PNS)

(1) Submandibular, sublingual glands

(a) Facial nerve, submandib. ganglion

(2) Parotid gland

(a) CN IX, otic ganglion

(3) Ach release – increased saliva

(4) Superior cervical ganglion (SNS)

(a) NE – increased saliva

(5) PNS & SNS have same effect

iii) Smooth muscle contraction

(1) PNS - ( gut motility, vomiting (ACh) (vagus)

(2) SNS – NE, Epi - ( gut motility ((2), ( liver activity ((2) (( blood sugar)

(3) SNS from splanchnic nerve & celiac ganglion

iv) Blood flow

(1) PNS – enteric vasodilation w/ NO

(2) SNS – GI vasoconstriction ((1)

v) Anal sphincter

(1) ACh relaxes (inhibits) (PNS)

(2) ( receptors contract (SNS)

f) ANS control of bladder

i) PNS

(1) Contracts detrusor (muscarinic)

(2) Relaxes urethral sphincter (muscarinic)

ii) SNS

(1) Relaxes detrusor ((2)

(2) Contracts sphincter ((1)

(3) Neurons from inferior splanchnic nerve

g) ANS control of sexual function

i) Erectile tissue

(1) PNS

(a) NO-caused selective vasodilation

(b) Blood accumulation: (inflow, unchanged outflow

(c) NO activates guanylate cyclase - (cGMP

(d) (cGMP – smooth muscle relaxation

(e) cGMP broken down by unique PDE5 phosphodiesterase

(f) Viagra specifically inhibits PDE5

(2) SNS

(a) NE activates (1 in vas deferens – smooth muscle contraction

(b) Ejaculation occurs

(c) A specific rather than diffuse SNS activity (an exception to the rule)

h) SNS control of other structures

i) Pilomotor smooth muscle

(1) NE activates (1 – contraction – hair stands up

ii) Sweat glands

(1) Sudomotor means SNS excitatory sweat gland innervation

(2) Cholinergic – thermoregulatory sweat glands (5% of SNS is ACh activated)

(3) Adrenergic – hand, foot, axilla ((1 stimulation)

iii) Adipose tissue

(1) NE activates (3 receptors

(2) Brings about lipolysis

iv) Skeletal muscle

(1) Circulating catecholamines only

(2) ( contractility ((2)

