Autonomic vs. somatic nervous systems

	Characteristic
	Autonomic
	Somatic

	How affects organ activity
	Modulates 

End organ activity level is referred to as tone (loss of organ activity=atony)
	Initiates

	Type motor activity
	Involuntary, slower
	Voluntary, rapid

	Anatomical structure, where last inter-neuronal synapse is located
	Within peripheral ganglion
	Within CNS

	Neural pathway activity
	“On” all the time

But is slow (2-4 Hz)

Therefore organ activity regulated by increasing or decreasing rat of nerve discharge

This causes large amounts of organ responses and activity levels

ANS end organs can maintain some level of tone even w/out innervation
	Either turned “on” or “off”


Parasympathetic vs. sympathetic

	Characteristic
	Parasympathetic
	Sympathetic

	Anatomical name
	Cranial-sacral
	Lumbarthoracic

	Motor fiber originate
	Cranial nerves 3,7,9,10;pelvic nerves S1=S4
	T1-L2

	Preganglionic axon 
	Long, travels through cranial or pelvic nerve
	Short, intermediolateral column, leave white ramus communicans, enter paravertebral chain

Can: 1) synapse w/in ganglia 2)travel up or down chain to synapse in another level paravertebral chain 3)leave paravertebral chain by splanchnic nerve, enter into prevertebral ganglia (celiac, superior and inferior mesenteric, and aorticorenal) and synapses

	Postganglionic axon
	Short, ganglia near organ, unmyelinated
	Long, unmyelinated; If from paravertebral ganglion can: 1)leave paravertebral ganglion by gray ramus communicans, travels in spinal nerve to innervate smooth muscles of blood vessels in skeletal muscle and skin, pilo erector muscles, and sweat glands 2)If above or below T1-L2,  leave paravertebral ganglion and go directly to end organ, travel along arteries, cranial nerves, plexuses, or as discrete nerves.

	NT for preganglionic transmission
	Acetylcholine
	Acetylcholine

	Receptors on postganglionic neuron
	Nicotinic cholinergic
	Nicotinic cholinergic

	Drugs that block Nicotinic cholinergic receptors
	Hexamentonium in ANS
(curare blocks receptors in skeletal muscle)
	Hexamentonium in ANS
(curare blocks receptors in skeletal muscle)

	Ratio of postganglionic:preganglionic cells
	1:1, discrete and restricted
	1:30 (postganglionic cell may receive input from 30 different preganglionic fibers, single preganglionic axon may contact many postganglionic cells

broad and diffuse so multiple systems can be activated at same time

	Modulate cellular activity
	Conservation bodily recourses, protection organs, maintenance of comfortable existance
	Promotes activated state, inhibitory or excitatory

	Postganglionic (prejunctional) NT
	Acetylcholine

NO
	95% Norepinephrine(noradrenaline)

5% (to sweat glands) Acetylcholine



	Synthesis postganglionic(prejunctional) NT
	Acetic acid +choline catalyzed by choline acetyltransferase (ChAT), vesicles are clear

NO is made in varcosity by nitric oxide sythetase from arginine
	Tyrosine converted to DOPA by tyrosine hydroxylase, DOPA to dopamine by DOPA decarboxylase, dopamine to NE by dopamine B-hydroxylase (DBH), vesicles are dense and 

also contain ATP, DBH, ascorbic acid, other peptides

In adrenal medula, NE is further made into epinephrine

	Prejunctional varicosity neuropeptide 
	Vasoactive intestinal peptide (VIP), made in cell body, causes smooth muscle relaxation
	Neuropeptide Y

Somatostatin peptide

Enkephalin peptides

	Postjunctional receptors
	1)Muscarinic cholinergic (activated by the compound muscarine from amanita muscaria toadstool)

Five types of receptors:M1, M3 and M5 are excitatory with increased IC inostital 3-phosphate; M2 and M4 are inhibitory by inhibiting adenylate cyclase

2) receptors for VIP

3) NO interacts directyly with guanylate cyclase, iincrease cGMP, relaxes smooth muscle
	Adrenoreceptors (catecholaminergic) alpha 1 and 2: and Beta 1,2,3

	Postjunctional receptors activated/ inactivated by what drugs
	Muscarine receptors blocked by atropine, not affected by nicotine, curare or hexamethonium that block nicotinic receptors
	Adrenergic alpha-2 on varicosity inhibits NT release, agonists (like clonidine) reduce the effets of sympathetic activity by inhibiting NE release

	Prejunctional receptors
	Autoreceptors, muscarinic receptors

Detect AcH, inhibits NT release=feedback inhibition

Are also receptors for VIP and NO
	Autoreceptors=alpha-2 adrenergic on varicosity, detect [NE], inhibit release of all sympathetic NT

Heteroreceptors=allow other populations of nerves modulate sympathetic activity

1)muscarinic heteroreceptor; inhibits sympathetic NT release.  Parasympathetic nerves release AcH and turn off sympathetic NT release, called prejunctional inhibition (parasympathetic antagonism of sympathetic), profound in heart and tarsal muscles

	Primary inactivation NT
	*Postjunctional

Acetylcholinesterase breaks down AcH

VIP broken down by peptidases

NO primarily diffuses
	*Prejunctional

Reuptake into varicosity by norepinephrine transporter

Drugs which interfere with reuptake increase [catecholamine]:cocaine, tricyclic antidepressants

Tyramine: doesn’t react highly w/ adrenergic receptors, but is taken up by varicosity to displace NE and causes NE to pour out and simulate intense sympathetic stimulation

	Secondary inactivation NY
	
	2 enzymes catabolize catecholamines:

1) catechol-O-methyltransferase (COMT)

2) Monoamine oxidase (MAO)


Adrenergic receptors

	Characteristic
	a-1
	a-2
	B-1
	B-2
	B-3

	Activated by isoproterenol
	No
	No
	Yes
	Yes
	Yes

	Activated by phenylephrine
	Yes 
	No
	No
	No
	no

	Inhibited by phentolamine
	Yes
	Yes
	No
	No
	 No

	Activated by Clonidine
	No
	Yes
	No
	No
	No

	Location
	Postjunctional smooth muscle
	Smooth muscles

1)Effector organs, same organs w/ high a1 receptors, found regions w/out direct innervation so are extra junctional, (activated primarily by circulating catecholamines)

2)Prejunctional to inhibit NE release
	Heart and kidney (renin release)
	All other tissues (smooth muscles, salivary glands, liver, skeletal muscle)
	Fat cells

	Action
	Excitatory alpha receptor mediated actions by sympathetic stim.
	1) Extrajunctional excitatory

2) Prejunctional inhibitory
	Excitatory
	Inhibitory to smooth muscle

Excitatory in glands, liver, and skeletal muscle
	Excitatory to activate lipolysis

	Sensitivity to NE, epinephrine


	Same
	Same
	Same
	Higher to epiniphrine, so stimulated by circulating epinephrine from Adrenal medulla
	


Rules for actions ANS

	Division of ANS
	Excites
	Inhibits

	Parasympathetic
	1)Glands

 2)non-vascular smooth muscle (except sphincters)

3)iris sphincter
	1)Sphincters (except iris sphincter)

2)Vascular smooth muscle

3)Heart

	Sympathetic
	1)Smooth muscles (by a1 and a2 receptors)

2)Heart and kidney juxtaglomerular apparatus (B1 receptor)

3)Glands (alpha, B2, or muscarinic with sweat glands)
	1)Smooth muscles (B2 receptors)


Actions of ANS on ocular function

	Characteristic
	Parasympathetic
	Sympathetic

	Overall action
	1)Limiting the amount of light striking retina by constricting pupil 

2)Increases depth of field for close-ups by constricting pupil in near vision

3) Increases glandular secretions to protect eye and cleanse
	1) Inreases amount of light striking retina by dilating pupil

2) Dilates pupil for distance vision

3) Increasing width of eyelid to improve visual function (“bug eyed”)

	How regulates size pupil
	1) Constricting to limit amount of light:  pupillary sphincter muscles to constrict

2) Constrictin for near vision: ciliary muscle contracts, causes lens to be spherical (accomodation)
	1) Dilates pupil  to increase amount of light: radial or dilator smooth muscle

2) Dilates for distance vision: relaxation of ciliary muscle to flatten lens

	Types nerve fibers for regulating size pupil
	pupillary sphincter muscle and ciliary muscles both controled by cholinergic(AcH) muscarinic fibers in cranial nerve 3 (oculomotor)

Preganglionic cell bodies in Edinger-Westphal nucleus, postganglionic cells in 

ciliary ganglion


	Radial or dilator smooth muscle is controlled by noradrenergic a1 stimulation

Ciliary muscles is relaxed by B2 receptors



	Nerve fibers controlling lacrimal gland
	Cholinergic muscarinic excitatory, cranial nerve 7 (facial nerve)

Preganglionic cells in superior salivatory nucleus, postganglionic neurons in pterygopalatine ganglion
	DO NOT affect lacrimal gland

	Mechanism for widening eye
	
	Tarsal muscle stimulated by noradrenergic a1


ANS control of respiratory function


	Characteristic
	Parasympathetic
	Sympathetic

	Overall action
	1)Decreasing tracheal and bronchiolar airway diameter in response to noxious stimuli

2) increasing glandular secretions to trap foreign matter
	1) Increase tracheal and bronchiolar airway diameter

	How regulates diameter of airways and where fibers and cell bodies located
	Acetylcholine excites smooth muscle to contract

Preganglionic axons travel in vagus nerve; postganglionic cells located in pulmonary plexus
	Norepinephrine relaxes (inhibits) smooth muscle cells via B2 receptors

Postganglionic axons originate from upper thoracic paravertebral ganglia

	How regulates glandular secretions and where fibers and cell bodies are
	Acetylcholine excites nasopharyngeal glands to exude mucous

Preganglionic axons travel in vagus nerve; postganglionic cells located in pulmonary plexus
	


ANS control of digestive function

	Characteristic
	Parasympathetic
	Sympathetic

	Overall action
	1) increased production of saliva

2) excites smooth muscle of the gut to increase gut motility and cause vomiting(emesis)

3) enhances blood flow to the gut by relaxing smooth muscle of blood vessels

4) relaxes sphincter smooth muscle
	1) increase secretion of saliva (although dry mouth is associated with sympathetic because blood vessels supplying the glands have alpha receptors that mediate vasoconstriction so glands don’t get blood needed to produce saliva)

2) inhibits smooth muscle of the gut to decrease motility

3) facilitate glycogenolysis and gluconeogenesis in liver to increase blood sugar

4) Reduces blood flow to the gut by vasoconstriction

5) Contracts sphincter smooth muscle

	How ANS acts on salivary glands
	Release of acetylcholine excites to increase production saliva
	Release of NE to alpha and beta receptors increases secretion saliva

	Nerve fibers/cell bodies that innervate salivary glands
	Submandibular and sublingual: preganglionic axons in facial nerve, postganglionic cells in submandibular ganglion

Parotid: preganglionic axons in 9th cranial nerve, postganglionic cells in otic ganglion
	Postganglionic cells in superior cervical ganglion

	How ANS acts on smooth muscle in gut
	Acetylcholine excites muscarinic receptors on smooth muscle in esophagus, stomach, gall bladder, and intestines
	NE and epinephrine inhibit smooth muscle of gut by B2 receptors

	Nerve fibers/cell bodies that innervate gut smooth muscle
	Preganglionic axons in vagus nerve, postganglionic neurons in myenteric and submucosal plexuses
	Preganglionic nerves in splanchnic nerves, postganglionic cell bodies in prevertebral celiac ganglion, postganglionic axons in enteric plexus

	How ANS controls glycogenolysis and gluconeogenesis
	________
	NE and epinephrine facilitate these processes in liver by B2 receptors

	How ANS acts on vascular smooth muscle of enteric blood vessels
	NO release causes relaxation (inhibition) of vascular smooth muscle for vasodilation
	a-1 receptors excite vascular smooth muscle for vasoconstriction

	How ANS acts on smooth muscle of sphincters (internal anal)
	Acetylcholine acts on inhibitory muscaranic receptors to relax sphincter 
	Alpha receptors excite smooth muscle in sphincters to contract sphincter


ANS control of urinary bladder

	Characteristic
	Parasympathetic
	Sympathetic

	Overall action
	1) Excites detrusor muscle (storage container) to contract

2) Inhibits urethral sphincter (trigone muscle) to relax
	1) relaxes detrusor muscle

2) contracts urethral sphincter (trigone muscle)

	How ANS controls detrusor muscle
	Acetylcholine acts on muscarinic receptors to cause contraction


	B2 receptors relaxes the muscle

	How ANS controls urethral sphincter(trigone muscle)
	Acetylcholine acts on muscarinic receptors to cause relaxation
	a-1 receptors excite the sphincter to contract

	Type nerves/cell bodies involved
	Micturition (expulsion of urine) is governed by pelvic nerves (along with somatic sacral nerves)
	Preganglionic axons in inferior splanchnic nerve, postganglionic cell bodies in inferior mesenteric ganglion, postganglionic axons travel in hypogastric and pelvic nerves to bladder


ANS control of sexual function

	Characteristic
	Parasympathetic
	Sympathetic

	Overall action
	1) Attainment of erection by dilation of arterioles in corpus cavernosum of penis (erectile tissue also present in clitoris)
	1) Excites smooth muscle in vas deferens to cause contraction and expulsion of semen

	How ANS controls erection
	NO is released by nerves to dilate arterioles, brings blood into tissue without change in outflow.

NO activates guanylate cyclas, increases [cGMP], cGMP is broken down by phosphodiesterase type 5. (Viagra inhibits PDE5 to amplify parasymp. action)
	

	Type fibers/ cell bodies involved erection
	Pelvic parasympathetic nerves supply blood vessels of corpus cavernosum
	

	How ANS controls ejaculation
	
	NE interacts with a-1 receptors to contract smooth muscle in vas deferens and cause expulsion of semen *** This is a discrete sympathetic reflex, and exception to the rule the SNS actions are diffuse


ANS control of CV system

	Characteristic
	Parasympathetic
	Sympathetic

	Overall action
	1) Reduces cardiac muscle contractile force and decreases heart rate
	1) Increases cardiac muscle contractile force and increases heart rate

2) Channel blood to organs that need greatest supply of oxygen and nutrients (skeletal muscle, shunt blood away from regions that don’t need high blood flow (intestines, kidney, skin)

3) Contraction of spleen capsule to cause expulsion of red blood cells into circulation

4) Activates juxtaglomerular apparatus in kidney to release renin

	How ANS controls contractile force/ heart rate
	Acetylcholine acts on cardiac muscle to decrease contractile force and acts on pacemaker cells to decrease heart rate
	Norepinephrine acts on cardiac muscle to increase contractile force and acts on pacemaker cells to increase heart rate

	Type fibers/ cell bodies involved
	Preganglionic axons in vagus nerve, postganglionic cell bodies in cardiac ganglia
	Postganglionic cell bodies in thoracic paravertebral ganglia

	How ANS increase blood supply to skeletal muscles during fight or flight
	
	Blood vessels in skeletal muscle have B2 receptors 

NE and epinephrine cause B2 receptors to relax vascular smooth muscle and increase blood flow

	How ANS decreases blood supply to intestine, skin, etc. during fight or flight
	
	Blood vessels in these tissues have a-1 receptors with cause contraction of vascular smooth muscle and vasoconstriction

	How ANS controls contraction of spleen capsule during fight or flight
	
	Alpha receptors on spleen capsule’s smooth muscle cause contraction and expulsion of red blood cells

	How ANS controls release of renin during fight or flight 
	
	NE interacts with B1 receptors on juxtaglomerular apparatus in kidney, this causes release of renin to increase levels of angiotensin II


Sympathetic control of piloerector muscles, sweat glands, adipose, and skeletal muscle

	Tissue
	Action of SNS
	NT
	Receptor

	Piloerector smooth muscle
	During fight or flight, muscle contracts to cause hair to stand up
	NE
	a-1

	Sweat gland on most of body
	Excitatory stimulation for thermoregulation
	Acetylcholine 
	cholinergic

	Sweat glands of hand, foot, axilla
	Excitatory stimulation to secrete sweat
	Adrenergic
	a-1

	Adipose tissue
	Break down of contents in adipocyte (lipolysis)
	NE
	B3

	Skeletal muscle
	Increase skeletal muscle contractile capacity
	Catecholamines
	B2


Afferent components of autonomic reflex (autonomic reflexes can be initiated by):

1)afferent nerves in viscera;  cell bodies in dorsal root ganglia of cranial nerves 7, 9,10

  enteroreceptors=receptive nerve terminals in viscera

   info about pressure, stretch, and noxious stimule

   sensory axons travel in sympathetic or parasympathetic nerves (autonomic afferent nerves)

2)Central nervous system, receptors monitor composition of blood

3) Afferent fibers reciving info about external environment=somatic afferent fibers

   located in crainial and spinal nerves

   info about temp, pain, light

4) Neural input from cortical centers assoc. w/ cognitive activity such as arithmetic

    Info from limbic system about emotions w/ threats, anxiety, excitement, and sex

Integration components

1)Sensory info is processed w/in CNS (spinal cord, hypothalamus, pons, medulla)

Motor components

Last inter-neuronal synapse is within a peripheral ganglion

Adrenal Medulla

Preganglionic cholinergic (AcH as NT) fibers from splanchnic nerve pass trough celiac ganglion with out synapsing.  At adrenal medulla, form nicotinic cholinergic synapses with adrenal medulla cells.

*DO NOT have postganglionic axons, instead the medullary cells are modified sympathetic fibers that have stubby projections at blood vessels and release their catecholamines right into blood stream

*Adrenomedullary cells have phenyethanolamine N-Methyl transterase (PNMT) which converts NE to epinephrine.  Epinephrine is 80% of the catecholamine released

Stimuli that activate SNS also activate adrenal medulla and this is reffered to as the sympathoadrenal system

Neuropeptides

VIP in parasympathetic, NPY in sympathetic

Influence transmission by:

1) Direct, receptor mediated effect on target cell, act as co-transmitters

2) Modify effects of primary NT, act as neuromodulator

3) Interact with receptors on varicosity (prejunctional) to alter release of primary neurotransmitter through feedback

4) Exert long-acting trophic effects on target cells

Denervation Supersensitivity

If sympathetic or parasympathetic innervation to organ is lost, there is a change in sensitivity to the normal NT

The response is increased to a given amount of NT

Is a compensatory mechanism so the end organ keeps partial tone following loss of innervation

If remove postganglionic neuron or preganglionic neuron in cholinergic or adrenergic system, there is increased number of NT receptors on membranes of end organ

Cholinergic system: AcH is solely inactivated by postjunctional enzyme degradation

                                So increasing the number of receptors is the only mechanism for supersensitivity

Adrenergic synapses:  Reuptake is the sole mechanism for inactivation NT on prejunction




So if preganglionic neuron (or above) is damaged, supersensitivity is mild

If postganglionic(prejunctional) neuron is damaged, supersensitivity is high because the reuptake mechanism is destroyed and more NT stays in the junction

*Clinical importance: the magnitude of response to applied NT substance can be used to determine whether a lesion of sympathetic nervous system is preganglionic (mild activation if preganglionic is damaged) or postganglionic (high supersensitivity if postganglionic is destroyed)

