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The efferent autonomic nervous system is divided mto sympathetic and
parasympathetic outflows based on the origins i the CNS and spinal cord.
The svmpathetic outflow arises i the thorax and lumbar spinal cord, and
the parasvmpathetic outflow arises i both cranal and sacral parts of the

CNS/spinal cord.



Somatic
VS.
Autonomic
Neuronal
Differences

The coutfloss of the somatic nervous swvstem is broad. A significant
anatomical distinction between somatic an auntonomic fibers is that the cell
bodyv of the final efferent newron of the somatic svstem is located in the
wentral horn of the spinal cord (i_e_ | within the CINS). For antonomic fibers_
the final newronal cell body is located outside the CINS . The newron from
the CINS is a preganglionic neuron: the final neuwron innervating the target

organ is a postganglionic neuron._



Sympathetic =
amplification and
widespread
discharge for
fight or flight

Parasympathetic =
discrete regulation
of organs

Tapically . parasympathetic preganglionic fibers are long and synapse in
rather diffnse ganglia usually located in or near the innervated organ.
Ulsuallsy there are a small mummber of postgzanglionic fibers innervrated bar
preganglionic fibers. Thus_ this is a swstem set up for discrete regulation of
organ function and conservation of resowrces (feed or breed). Tipicallsr,
swympathetic preganghonic fibers are short and synapse in paravertebral
ganglia. The tvpical postganglionic svmpathetic fiber is long and sends its
endings into organs throughout the bods from the paravertebral canglia.
TUsuallw there are a large numbeer of postganghonic fibers inner bated by
preganglionic fibers. Thus, this is a svstem set up for amplification of
outflosww and widespread discharge during tiimes of stress_ fear, anger_ etc_

(fight or flicht).



The adrenal releases
hormones
rather than

neurotransmitters

The adrenal medulla is an immportant and unique part of the SINS_ It is useful

to think of the adrenal medulla as a population of postganglionic
svmpathetic fibers that did not sent axons to anv particular organ. Instead,
thev are set up to release hormones rather than neuwrohormones or

newrotransmitters.
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In adrenal medulla cells, NE in the cvtosol is acted upon by
phenvlethanolamine-IN-methvitransferase. This adds a methyvl group to the
amino nitrogen and forms epinephrine (EPI). Most of the EPI formed in this
process is taken into synaptic vesicles and stored for subsequent release
into the blood. In humans. about 80% EPI and 20% NE is the mix of
catecholamines released during the fight or flight response.
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SATith thhe exoception of thhe postgangliondic sywrmpathetic filbers (and the adrenal
mednlla). acetvilicholine (A ChYy is at autonormdc sanglia and newmrocetffector
Jjunctions. as well as the somatic nemtmrormuscular jurnctiosy ST T

INorepinephrine (NED. one of a family of compounds called catecholarmdines
is thhe newmmrobtransmmitter at thhe newmmrocsffector junctions of postcangliorndic
sTrrmprathetic b ers (wrrith sorme exceprhons we will note). One excephton is
the adrenal mednlla WWhile thesw do not directls syvnapse weith cells off
effector organs. the cells of the adrenal medunlla fimction wersw aanach as
postmanglionic syrmpathetic cells. That is. thew release preformmed
catrecholamines firorm intranesmronal wresicles by exochttosis when actirated ber
thhe nenrotransimitter of thhe preganglionic swrmpathetic fAlbher (2% Choy
Howreswer, thhe catecholarmines released firom the adremnal mednlla enter thae
blood strearn and so act as hormones rather than newrmrotransmmbitters. 1T he
catecholarnines relecased from thhe adrenal mednlla consist of a mdsctore of
about B20%% epincephrine (EPT) arnd 205 IWNE




Another exception to the general rule that postganglionic sympathetic fibers
release INE is the fibers that innervate sweat glands. Although thew are
anatomically swmpathetic (the preganglionic fibers emerge firom the
thoracolmmbar region of the spinal cord). the fibers are functionallsy
cholinergic (that is_ theyw release ACh at the newroeffector junction of sweat
glands)). Because different dmgs affect cholinergic and adrenergic
transmission, the effects of drmags on sweat glands do not abways match
effects on other sympathetically innervated organs.
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F amiliarity with this diagram and the transmitters, responses, receptors,
agonists and antagonists at each different site will be useful in vour quest.



ANS Nerve Functions

Like all nerves, ANS fibers engage in certain fundamental processes.
Knowing these processes and drags that affect them is verv useful. Each
nerve uses one (or more) transmitters_ and for each there is:

= synthesis
= storage
= release
postsynaptic (& presvnaptic) action
» inactivation
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Storage of ACh in synaptic vesicles reguires its uptake into swvnaptic
vesicles. Vesamicol 1s a drag that prevents the uptake pump for ACh in
synaptic vesicles. Similar to the effects of HC -3, once a cholinergic nerve is

depleted of preformed ACh_ then transmission fails._

The release of synaptic vesicles from cholinergic nerve terminals i1s blocked
bv botulinus toxin (Botox®). This effect is useful both expermmentally and

chmicallw_
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Table 1: Responses of major organs to autonomic nerve impulses

Organ

Heart

Arteries

Weins

Lungs

(rastro-
intestinal tract

Liwer

Sympathetic Stimulation

Increased heart rate beta; (& beta,)

Increased force of contraction beta, (& beta,)

Increased conduction welocity

Constriction (alpha, )
Dilation (beta, )
Constriction (alpha, )

Dilation (beta, )

Bronchial muscle relaxation (beta )

Decreased motility (beta,)

Contraction of sphincters (alpha)

Glycogenolysis (beta, & alpha)
Gluconeogenesis (beta, & alpha)

Lipolysis (beta, & alpha)

Parasympathetic Stimulation

Diecreaszed heart rate

Decreased force of contraction

Decreased conduction welocity

Dilation

Bronchial muscle contraction

Increased bronchial gland secretions
Increased motility

Eelaxzation of sphincters

(lycogen synthesis
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Macrophages have Angiotensin Il (Ang Il) and catecholamine receptors

(NE) on their cell surface which turn on the inflammatory process, and
Cholinergic (NR) and beta-adrenergic receptors that turn inflammation off
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Figure 1. A simplified scheme of the bi-directional
communication between the brain and the immune system ;
role of central and peripheral neurcendocrine and immune
adaptive responses triggered by an immune challenge (see
text). Lymphoid organs, and particularly their parenchyma,
similar to smooth muscles of the vasculature, receive
predominantly sympathetic/noradrenergic and
sympathetic/meuropeptides ¥ , and peptidergic/sensory
imnmervation; the heart and the gastrointestinal tract receive
both sympathetic and parasympathetic {(cholinergic)
immervation. Abbrewviations: Ab, antibody; CNS, central nervous
system; CRP, C-reactive protein; HPA, hypothalamic-pituitary -
adrenal (axis); IMS, immune system; IL, interleukin, Ly,
Iyvymphocyte; SMNS, sympathetic nervous,/adrenomedullary
system; Th, T helper cell (response); TNF, tumor necrosis
factor.
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