AUTONOMIC OR VISCERAL NERVOUS SYSTEM

SYMPATHETIC PIVISICN (1)

CN: This plate is part one of a two-part presentation of the sympa-
thetic division, and many structures with the same titles and sub-
scripts on this and the next plate should receive the same color.
(1) Begin with the schematic of the spinal cord segments contain-
ing the cell bodies of preganglionic neurons. These neurons (not
shown) leave the spinal cord to enter or pass through the sympa-
thetic chain. (2) Color the sympathetic chain and relations at
upper right. (3) Color the pathways of the preganglionic and

postganglionic neurons below. (4) Color the inset illustration.
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The autonomic nervous system (ANS; also visceral nervous
system or VNS) is a part of the peripheral nervous system
(PNS), responsible for the innervation of smooth muscle and
glands in viscera and skin and of specialized cardiac muscle.

It is a motor system uniquely characterized by two-neuron SYMPATHETIC
t 4 quely Y o STRUCTURES

linkages and motor ganglia (pre- and post-ganglionic neu- (Anterlor-lateral view) ANTERIOR VIEW
rons). Sensory impulses from viscera are conducted by T (Schematic)
typical sensory neurons not generally described with the ANS
but considered part of the VNS. The sympathetic (thoraco-
lumbar) division of the ANS is concerned with degrees

of “fight or flight” responses to stimuli: pupillary dilatation,
increased heart and respiratory rates, increased blood flow
to brain.and skeletal muscles, and other related reactions.

The cell bodies of preganglionic neurons are restricted to
the lateral horns of the spinal cord segments T1 through L2.
The axons of these neurons leave the cord via the anterior
roots, join with spinal nerves for a very short distance, and
turn medially to enter the sympathetic chain of gangliavia
the white communicating rami (white because the axons are
myelinated and “white"). The chain is located bilaterally
alongside the vertebral column (see inset illustration). Once
in the chain, the preganglionic axons can take one or more
of four courses: (1) synapse with the postganglionic neuron at
the same level it entered the chain; (2) ascend and synapse
at a higher level of the chain; (3) descend and synapse at a
lower level of the chain; (4) pass straight through the chain,
forming a nerve that runs from the chain to the front of the
vertebral column (splanchnic nerve), and synapse with a
postganglionic neuron there (prevertebral ganglia).

The postganglionic neuron within the chain leaves via the Anterior (ventral) B =[]
gray communicating ramus to join the spinal nerve. There ) ) RS L8
are gray rami bilaterally at every segment of the spinal cord; . 4}36 S g?\s' L F
white rami exist only from T1 to L2. Gray rami are so called B /7 a

because the resident axons are unmyelinated and collec- Synapse.

tively have a duller color than those of the white rami. Post- 6
ganglionic axons from prevertebral ganglia travel in a plexus Abdominal

configuration to the viscus they supply. Plate 82 puts this viscus
division into a more meaningful perspective.
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SYMPATHETIG DIVISICHN (B)

CN: Use the same colors as you used on the preceding plate for head and body cavities. Start with the pregangiionic neurons on the
preganglionic neurons (B), splanchnic nerves (D), and postgangli- left (B) and color the chain and related parts (G, Ga) on the left.
onic neurons (G), all of which have been given the subscripts they  Then read the related text. Color the preganglionic neurons (B) on
had on Plate 92. First orient yourself to this diagram. Note the spinal the right and the splanchnic nerves (D) to the abdominal viscera.
cord in the center with sympathetic chains of ganglia on either side. Color the postganglionics (G, G', G2) to the head and thorax, and
Not all connections of both chains are shown. Here, the pathways on then the postganglionics (G4 G5) from the prevertebral ganglia to
the left are to the skin. Pathways on the right are to viscera in the the abdominal and pelvic/perineal organs.
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(Schema showing the following)

@@& @m@%@0© @OO b 1 Bilateral chains of ganglia with white rami connections to spinal cord.

Each chain has both connections (2) and (3), and they are mirror-images of one another.

@@@?@@W@&D@@OU@ 2 Left chain with postganglionic connections to skin.

[Xg@@@@@@ G 3 Right chain with splanchnic nerves/postganglionic connections to viscera.
TO HEARD & WEGHK ¢
TO THORAEIC VISCERA® ™ i
TO SR c°

1 1

LEFT B RIGHT

@m@@ﬁ GLANPS c* ] CHAIN o CHAIN % 2 o
ARBECTER PILIc? g o\ Superir { ¥
BlLoob VESSELSe j | engten =
T AEDOMMAL VISCERAS 2 (3 | YT i
?@ C@@GJWO@/ i o ;g‘éil(i:c?ri
PERINEAL VISCue S o2 e

- | cervical {
. \ ganglion \;
Sympathetic innervation of skin (and viscera as well) begins
with the preganglionic neurons in the thoracolumbar part of
the spinal cord. The axons leave the cord via the anterior rami
of spinal nerves, enter and leave the spinal nerves to join the
white-communicating rami. These rami bring the axons into
the sympathetic chain. Axons from the upper thoracic cord
ascend the chain up to the highest ganglion (superior cervical
gangiion at the level of the first cervical vertebra). Axons from
the lower thoracic and upper lumbar cord enter the chain and
descend as far as the lowest ganglion (ganglion impar at the Spinal
level of the coccyx). At every level of the chain (roughly coingi- ~ "¢7VéS
dent with spinal cord segments), the preganglionic axons syn-
apse with postganglionic neurons. The postganglionic axons
leave the chain via the gray communicating rami, enter the
spinal nerves from C1 through Co1, and reach the skin via
cutaneous branches of these nerves. These axons induce
secretory activity in sweat glands, contraction of arrector
pili muscles, and vasoconstriction in skin arterial vessels.

Postganglionics to the head (vessels and glands) leave the
superior cervical ganglia and entwine about arteries enroute
to the head (in the absence of spinal nerves) to reach their tar-
get organs. Postganglionics to the heart and lungs leave the
upper ganglia of the chain, reaching these organs via cardiac
nerves and the pulmonary plexus. These neurons act on heart
muscle and the cardiac conduction system to increase heart
rate; they induce relaxation of bronchial musculature, facili-
tating easier breathing.
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Preganglionics to abdominal-and pelvic viscera leave the cord ' ,ramLs
atlevels T5-L2, enter the white communicating rami, and pass ST NGray: Inferior
through the sympathetic chain without synapsing. They form f communicating . mg:igt“e;ic

three pairs of splanchnic nerves between the chain and the am -
prevertebral ganglia on the aorta. These axons synapse with
the postganglionic neurons in the prevertebral ganglia. The
axons of these neurons reach for smooth muscle, inducing
contraction of sphincters and decreasing intestinal motility,
relaxing bladder muscle and constricting the urinary sphinc-
ter. These axons stimulate the adrenal medulla to secrete D_Ad|:
_mostly epinephrine and some norepinephrine, stimulate > 5 Nk

secretion of glands and muscle contraction in the male geni- 4

tal ducts (ejaculation), and stimulate uterine contractions. Sympa.theﬁc - Sympathetic
chain ) chain
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PRRASYIIPATHETIC DIVISICN

CN: Continue using the same colors you used on Plates 91 and 92 for sub-
scripts B, D, and G. Use a bright color for E. This drawing shows the parasym-
pathetic scheme on one side of the body only (nerve distribution is identical for
both sides). (1) Start with the preganglionic neurons in the head and work
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The parasympathetic division of the ANS is concerned with vegetative func-
tions—e.g., it encourages secretory activity on the body's mucous and
serous membranes, promotes digestion by increased peristaisis and glan-
dular secretion, and induces contraction of the urinary bladder.

The parasympathetic pregangtionic neurona! cell bodies in the head are
located in the brain stem associated with certain cranial nerves. The pre-
ganglionic axons leave the brain stem with their cranial nerve and synapse
at one of the cranial ganglia. The postganglionic neurons tend to be short,
terminating in salivary glands and other glands of the nasal and oral cavi-
ties. The preganglionic fibers associated with the vagus (X cranial) nerve
are unusually long, descending the neck, the esophagus, and through the
esophageal hiatus to the gastrointestinal tract. The axons of these neurons
extend as far as the descending colon. The ganglia are in the muscular
walls of the organ they supply (intramural ganglia); the postganglionic
axons are very short, terminating in smooth muscle and glands.

The cell bodies of the sacral preganglionic neurons are located in the lateral
horns of sacral segments 2, 3, and 4 of the spinal cord. Their axons leave
the cord via the anterior rami but form their own nerves, called the pelvic
splanchnic nerves (nervi erigentes). These nerves project to the pelvis, mix
with sympathetic postganglionics in the pelvic plexus, and depart for their
target organs. They synapse with the postganglionic neurons in intramural
gangiia in the walls of the organ supplied. These fibers stimulate contrac-
tion of rectal and bladder musculature and induce vasodilatation of vessels
to the penis and clitoris {erection).

The parasympathetic and sympathetic divisions of the autonomic nervous

94

See 83

through the postganglionic neurons, noting the structures innervated. Note par-
ticularly the extensive pattern associated with the vagus nerve. (2) Continue
with the sacral preganglionics and postganglionics, noting the target organs.
(3) Color the diagram describing ganglia location in the two ANS divisions.

PARASYMPATHETIC DIVISION
(Schema showing only one side)
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T system-are not-antagonistic: Their respective activities are coordinated and

|

synchronized to achieve dynamic stability of body function during a broad
range of life functions, such as eating, running, fear, or relaxation.
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