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utonomic nervous system

. Autonomic nervous system (ANS) — nomenclature
. 'Topographic organization and structural features of ANS
Main subdivisions of the ANS:
v' sympathetic nervous system
v' parasympathetic nervous system
v'enteric nervous system
. Sympathetic (thoracolumbar) nervous system
Parasympathetic (craniosacral) nervous system
Enteric (intrinsic) nervous system
. Neurotransmitters, receptors and some ANS drugs
. Autonomic innervation of the eye and salivary glands
. Autonomic plexuses in the thoracic cavity:
v' cardiac plexus

v" pulmonary plexus
v thoracic aortic plexus
10. Autonomic plexuses in the abdomen — primary and secondary
v'abdominal aortic plexus
v' coeliac (solar) plexus
11. Autonomic plexuses in the pelvis — primary and secondary
v"inferior hypogastric plexus




@ Classification of the nervous system
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Nervous System

l
| |

Central Nervous System Peripheral Mervous System

Maotor (Efferent) Neurons

I
| |

Autonomic Mervous System

l
| l

Sympathetic Mervous System

Brain Spinal Cord Sensory (Afferent) Neurons

Somatic Nervous System

Parasympathetic Nervous System




| The Autonomic Nervous System |

Autonomic Nervous System (ANS):
v' part of the peripheral nervous system

autonomic = auto (self) + nomos, Gr. vouoc¢ (law)
v' reflex, involuntary actions
v automatic, independent, unconscious system

Innervation of:

John Newport Langley

Definition and nomenclature

L 4

v' viscera (1852-1925)

v' glands ' A

v blood vessels “'m:; L -

v" nonstriated (smooth and cardiac) muscles q N“‘“‘“"""” NIE i:::;.;
synonyms: visceral (vegetative) nervous system - = @m” o
main function — control system to maintain life: S — @

v regulation and control of visceral functions o Yoo

» reproduction ¢ :::‘:"'”'
> vital body processes — circulation, digestion, Y -~ €T

secretion and excretion etc.

Prof. Dr. Nikolai Lazarov




Structural organization

= two-neuron efferent system (visceral efferent neurons):
v' first (preganglionic) neuron — inside the CNS

v' second (postganglionic) neuron —in a ganglion
or plexus of neurons

= perikarya of visceral afferent neurons:
v' in dorsal root (spinal) gangha B

o

SENSORY MEURONS

4y B

| W smnrnnc NEURON S

Dorsal White ramus
root communicans

Spinal
gangiion

Spinal nerve

Ventral
Vagus nerve root

_\&— S 3 .-_.'i’&_ ,

PARASYMPATMITIC NEURONS

Splanchnic nerve Gray ramus Ventral ramus

communicans

Sympathetic
ganglion

Sematc atierent fbes —————— Visceral mm"‘
Somatc etierent fbers ——————— Prevertebral Intramural
Visceral postganglong  ——— ganglion neuron

Prof. Dr. Nikolai Lazarov 4



Main subdivisions

= tfripartite integrated system
(Langley, 1921):
v sympathetic nervous system

v parasympathetic nervous system

e P el ot e

v'enteric nervous system (ENS) v,/ <"

b —_— ¥4 ey o
Yl“:‘ﬂ:/-' /
v/ — L i
8/
: b i ey
LONGITUDINAL MUSCLE [} oo Ry e g
= [ .
INTERMUSCULAR CONNECTIVE AND ELASTIC TISSUE
o g .
CIRCULAR MUSCLE s s
T RESTT
AUERBACH'S PLEXUS (MYENTERIO f
g
MEISSNER'S PLEXUS (SUBMUCOSAL
7, - | - I il r—
SUBMUCOSA X . : = 4.7 Se—
N & £ o 5 S N oy ®
: ‘A e o

INTRINSIC
NERVE SUPPLY
(SCHEMATIC)
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@ Structural and neurochemical differences

= Sympathetic nervous system:.
v equal pre- and postganglionic fibers e | GG O
v’ autonomic ganglia proximally located /\/ ;D tj‘;e‘;m,
\\_J, gangion

v preganglionic fibers — cholinergic (ACh) ™

oo i — e,
v postganglionic fibers — adrenergic (A, NA) C?\/ i
» Parasympathetic nervous system: | s “

v longer pre- vs. postganglionic fibers w.?
v/ autonomic ganglia located nearby targets R —

or within their walls (intramural ganglia)‘*’""‘}'_’jj,‘;,{;j; -f_ W— ‘
v’ preganglionic fibers — cholinergic (ACh) B = y R
v" postganglionic fibers — cholinergic ( ACh;Mmm ‘ \er;;{;;,gm Heone mo‘;;m;n, Acetylchalin

Prof. Dr. Nikolai Lazarov 6



Functional considerations

= parasympathetic reactions:

v generally localized and anabolic — day-to-day internal processes and behavior
v' conservation of body energies during rest, preparing us to go to sleep and digest

= sympathetic reactions:
v/ mass responses — catabolic

v" mobilize body energies
In stressful situations,

preparing us for fight, flight or fright ..

Parasympathetic Sympathetic

&7 Dilates
~ pupil
Stimulates /7 e Inhibits flow
flow of salivag Ganglion Jof saliva

Medulla oblongata.

Slows

\ S f'ﬂ Accelerates
heartbeat FAN" §

(f | heartbeat

Yagus

Tere Dilates

Constricts ) _
N\ bronchi

bronchi }

-
L) L]

Stimulates

BpPiexus ' Inhibits
. - eristalsis
peristalsis m_%: A7 P 3
and secretion = (& AN d secretion

Conversion
- of glycogen
Stimulates W(o glzf:oge
release of bile ; : - -
¢

J ~ Secretion of
b

Jis

= ‘ adrenaline an

L 3 ~- noradrenaline

)

) 22 Inhibits

C&:“":i‘rs (s Chain of _ 770 bladder
sympathetic ‘:i"' contraction

ganglia
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NB: antagonistic actions of both

THe Autonomic Nervous SYSTEM

The parasympathetic nervous system, which regulates day-to-day internal processes and
behavior, is shown on the left. The sympathetic nervous system, which regulates internal
processes and behavior in stressful situations, is shown on the right. Note that, on their way
to and from the spinal cord, the nerve fibers of the sympathetic narvous system innervate,
or make connections with ganglia, specialized clusters of neuron chains.

Parasympathetic Sympathelic

Sumulatas
tear glands

Constricts pupi

Oilatos pupi

Inh®is salivaton,
incresses
SWEating

Accelerates heart
Dilates bronchn
o CHCresses

| digestive
§ luncuons of

staomach
nereasas
digestve
'LI'C:.(M'r!'- ot Secretles
SGmEch avrenalin
INCreases (i Chain o e Dacreases
digestive Fm&.\*t sy et k. digesive
funetans of H Ty A " iame
functions o 'ti":"\h ’ gl oo f'J:\C‘lI.OIu of
intestng . & A Intestine
('.'" 2 ol s

L N
’j Innibits Slaclder

cenregton

components
to maintain homeostasis! 7

Conteacis bladder \./



. Parasympathetic nervous system

= craniosacral division: @/@ e

v’ cranial region: _
» cranial nerves AVA g,
11, VII, IX, X R o)) soaom
v’ sacral region: WS

| » spinal cord segments
== S2-S4

. S Ciliary muscie of eye
\ Brain | 3
Y \ Stem L.

Lachryma glands

> s

: oy 1
\%' Salivary ¢
5 » glands »

'

e

i

d

)

region

a3
Ml I cervical
P
\“Hem
Sacral ouno g
m-qm-.):n ;31‘. b ‘ ¢ ;‘raehea
" | Thoracic : S Lungs
X region j
| Pancreas
ra B { 3 s 82
> " 53 ¥
e Craniosacral Kidneys R :
] - 7 s | '_~_.__~ ' _.'
= Lumbar | | 0 Small & Large 7
region L intesti
P i e S"’""“"‘;""‘.’“"‘"“ \'"-‘3:::,-«"".’ Buadde
General plam of the parasympathetic yystem ‘ O Ul'inay bladder outfiow ::';‘ ”Mc} TSTIEANS . ¥

Ganghionic newrons and postganglionic fibers are shown in Sacral
red. CG, cliary ganglion: MG, heart Qanglia, 5G, intrams wl A «
gangha; MG. myenteric pangha; OG, agtic ganghon; PG, region
pterygopalation ganghion: 5G, submandibudar ganglion

e y 5 : .
b 'u]} Gonads Ny L i~

F O A

Genitaia -
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Cranial division

i \ Cranial  Site of Preganglionic Postganglionic
Nerve Nucleus Nucleus Nucleus Effector/Function

i Midbrain Edinger-Westphal Ciliary ganglion Pupilloconstrictor

R S— nucleus muscle of iris
e e Ciliary muscle
palatirw
e VI Pons Superior salivatory  Submandibular Sublingual and subman-
< nucleus ganglion dibular salivary glands
o Pterygopalatine Tear glands and glands
ganglion of the nasal mucosa
. IX Medulla Inferior salivatory Otic ganglion Parotid gland
oblongata  nucleus
X Medulla Dorsal motor Cardiac ganglion  S-A and A-V nodes
oblongata  nucleus of the Plexuses Wall of pulmonary tree
VagUI Mictrain

Smooth muscles and
glands of gastrointestinal
M 4 tract to the splenic

_ T consvictor of
“awisacuymuc flexure of the colon

Kidney

Salvatory
e PIG o Bctimal e
nasa glands
DNX \‘—:

| 0G i To sutmanatular

| und sublngual

!’—\' m\‘ SG proe
o pa . .
wang Sy
Medula cG To heart To gastrontasinal

tract

oblongata p e y N
e / J/ 4
. Yo troncry ' ' '
s j ,JE\}_/
[N
Prof. Dr. Nikolai Lazarov PPyl st ke i 9



Sacral division

Preganglionic Postganglionic Effect of
Organ Neuron Level Neuron Site Stimulation
\ \Y— “ ‘ ~ Distal colon $2-S4 Intramural ganglion Enhanced peristalsis
PRI o Hypogastric plexus Secretion
Nudleus dorsalis Defecation
neves) Inhibition of anal sphincter
Urinary bladder S2-54 Intramural ganglion Contraction of bladder wall

(vesical plexus)
Hypogastric plexus Inhibition of urethral sphincter

Genitals S2-54 Hypogastric plexus Vasodilation, penile/clitoral
(pelvic plexus) erection

Descending
colon

Sacral parasympathetic g

outflow (via pelvic
Clitoris ( @

splanchnic nerves)

Nn. splanchnici
pelvici

9/
Q/
|

Prof. Dr. Nikolai Lazarov 10



Sympathetic nervous system

thoracolumbar division — Th1-L2 segments:

v preganglionic sympathetic axons

» intermediolateral column of spinal cord

v’ paravertebral sympathetic ganglia
» sympathetic chain (trunk)

v prevertebral sympathetic ganglia

» celiac ganglion

» superior mesenteric ganglion

anterior and posterior

» inferior mesenteric ganglion communcarce

Prevertebral
Ganglia ‘
Sympathetic
..................
b T T :3""
=} - s
)

Prof. Dr. Nikolai Lazarov

\ 1% rami of all spinal
@ nerves for distribution

to body walls and

SpthovJ . | limbs (vasomotion,

sudomotion, and
pilomotion).

White ramus
communicans —

<

Spinal

cord
Sympathetic
trunk

\) W \
i \ \ 1R
) w Y N %)
W;’ /1'11 7
L W il
3 AR
4)
=R D= ot at N P
R T i e R
I\I A3
1 ’

Blood vessels of
visceral structures,
blood vessels, sweat
glands, and arrector

muscles of hairs

Cephalic
arterial
branch
(to head)

Carotid
periarterial
plexus

Cardiopulmonary
splanchnic nerves

Larynx
Trachea
Bronchi
Sl Lungs

Abdominopelvic (£, NS Liver  Diaphragm
splanchnic " =5 Gallbladder

Stomach
Pancreas
Spleen

_ A Aorticorenal \
€/ ganglion

¢ Large intestine

Mg Small intestine

G Kidney

Suprarenal (adrenal) gland
Rectum

Internal anal sphincter

Superior
G mesen!eric

mesenteric
ganglion

Gonad
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Sympathetic trunk

two symmetrical ganglionated cords:
v cervical part - 3 ganglia:

» superior cervical ganglion — 2.5-3 cm
* jugular nerve

* laryngopharyngeal and superior cardiac branches

* internal and external carotid branches
» middle cervical ganglion (60%) — 0.7-0.8 cm
- thyroid and middle cardiac branches
» inferior cervical ganglion = in 75%
cervicothoracic (stellate) ganglion —up to 2.8 cm
- inferior cardiac branch
v" thoracic part — 11-12 segmentally arranged ganglia

» greater splanchnic nerve — ganglion VI-I1X

» lesser splanchnic nerve — ganglion X-XI
» lowest (renal) splanchnic nerve — ganglion XII
v lumbar part — 3-4 segmentally arranged ganglia

> 4 lumbar splanchnic nerves
2y

v' sacral (pelvic) part — 4-5 segmentally arranged ganglia” 19 M\
» sacral splanchnic nerves 1) (RN

v"_terminal ganglion impar — anterior to the coccyx

Prof. Dr. Nikolai Lazarov 12



2! Prevertebral sympathetic ganglia

celiac ganglion (semilunar or solar ganglia): rV o
v largest ganglion in the ANS / e PR A/___f
v postganglionic sympathetic neurons T
v’ paired, with variable position:

» upper part joined with greater splanchnic nerve
» lower part receives lesser splanchnic nerve = renal plexus

aorticorenal ganglion
v lower part of celiac ganglion = kidney, ureters .=
phrenic ganglion e O
v small ganglion on the diaphragm
v" located at the junction of the right phrenic nerve
superior mesenteric ganglion
v" close to the origin of the superior mesenteric artery
v unpaired, innervates part of the large intestine
inferior mesenteric ganglion
v" several small bodies
v" close to the origin of the inferior mesenteric artery
v" innervate part of the large intestine

<L Liver, Gall Bladder, Bile Duct:
=3 Pancreas

Suprarcnal Gland

Inferior Mesenteric Ganglion
v = o Rectum, Bladder, Prostate,
External Genitalia

Prof. Dr. Nikolai Lazarov 13



Enteric nervous system

= embedded in the walls of
the:

v esophagus

v" stomach
s v" small intestine
8o ¥ colon
o wane ™ triggered to act when the walls
y of the hollow organs are
stretched by food

External submucosal plexus

= This local nervous system, referred to as intrinsic or
enteric nervous system (ENS), functions
iIndependently of the CNS and is influenced by the
ANS In a limited way.

= [t controls the motility, exocrine and endocrine
secretions, local blood flow, and also modulates

Immune and inflammatory processes of Gl tract.

Prof. Dr. Nikolai Lazarov NB: neither @)mpatZetic nor pamsympat%etic! 14




Enteric nervous system

r. :
' r | Prof. Dr. Heinz-Juergen Krammer,

University Hospital of Heidelberg at Mannheim, Germany
|

- & | Plexus submucosus externus |
3
B

E=e Ay

r

Prof. Dr. Nikolai Lazarov 15



Plexus entericus

* The myenteric plexus (of Auerbach) primarily controls
digestive tract motility [strength & frequency]

= LONGITUDINAL
uscle
s SEROSA _ é
Duseulans extera MYENTERIC ‘ — i
' s - .-’.:w 7.;,‘,...
o Pl - P : P « éxncumm
g AW
Iuseulans interma v > &, muscle
SUBMUCOSAL . )
. G ( .
Stlueoss Plexus SN - 3% 55400
.'o'u.“ ’ ’ ? ‘.-. c.
o
; .u.o.o.n......'........'Fa.l...,.?......
; MUCOSA
‘\ Enteric or Intrinsic Nervous System
Myenteric plexus
Activation of MYENTERIC PLEXUS Activation of SUBMUCOSAL PLEXUS
*i loni tracti * ] t ctivity
Submucous plexus ¥ Incrasen Inteadlty G ritimalc covimaciions  WipBulates Ineestiunl sbuorkition
* increase rate of rythmic contractions
* increase velocity of contraction

* The submucous plexus (of Meissner) regulates mucosal
movements and epithelial cell function [mucosal gland secretion]
v" internal submucosal plexus (the true plexus of Meissner)
v" external submucosal plexus (the plexus of Schabadasch)

Prof. Dr. Nikolai Lazarov 16



. Autonomic transmitters and receptors

= Cholinergic transmission: et
v release acetylcholine (ACh) L \ |
v two types of acetylcholine receptors: ‘ N |§
> nicotinic receptors (NAChR, also a '
known as “ionotropic" receptors) § ) 0 e
» muscarinic receptors (MAChR, also i
known as “metabotropic” receptors) ‘o D ®
Prejunctional Sympathetic ¥
muscarinic Target tissue
Adrenergic recep!or Cholinerglc @
'\ 4 \\———TACh » Parasymp;etuc ]@
4 ‘
Postjunctional ~==
muscarinic
receptor
/ : —\—\-r.—Target cell ©)

Prof. Dr. Nikolai Lazarov



Cholinergic drug effects

Pupillary _ Gastric secretion
constriction Salivation Cmsmctiou‘ ' Slowin increased
Near vision Secretion 9 Colic Voiding of urine
Diarrhea
Eye Salivary glands Bronchi

g e S
: ” \
o’ -
"4 N . \
o\
SN
AN
.\
=
—
P
e

Iy

N\
7',‘?7-"-.\\'\\

Pupillary dilatation ;
Far vision Dry mouth m:y" Acceleration reduced Retention of urine
Constipation
Anticholinergic
drugs
Prof. Dr. Nikolai Lazarov 18




= Adrenergic transmission:

v’ release noradrenaline (norepinephrine)

v two types of adrenergic receptors:

» a-receptors = excitatory responses
 pharmacologically a,- and o,-receptors

» B-receptors = cause inhibition

- pharmacologically ;- and B,-receptors

Norepinephrine -~
,/ Adrenergic N\

‘\

Chollnerglc \

> ot

\
©

. Autonomic transmitters and receptors

Postsynaptic
nerve endings

i3 ; Sympathetic
\II ‘v

Para-
sympathetic '

Noradrenergic

\\ ® 5 I‘ ALY \ +* > / m -‘ : 9 \ receptor (a2)
3 0,/ \\\*0 / Acetyl- F 20 m Ve X Nor-
o /v\\ / . l 5 Chc:'i"e v ° IO\J e;nephtine
<UEWEES
Muscarinergic Norad i
Epinephrine V e _ w((,,c;; l:Je'n(g]g;c
oy Bl BZ lnhlbits ‘ Promotes
Target cell 5 0 R > it
cell response
Prof. Dr. Nikolai Lazarov 19



Adrenergic nerve endings

y '/ "’ '."‘ ﬁ.
& Ll
/ —— > sympahate
\ ’ — ’--- Paasymoametc
/ 3

‘—L—( Voo alleron!

— Vacoval atleran ——E 1 Intrnnc st

Prof. Dr. Nikolai Lazarov 20



Enteric neurotransmitters
spectrum of neurotransmitters: &

amines
v" acetylcholine — excitatory

v" noradrenaline — inhibitory @Emmmus = >
(norepinephrine) /}E@Cﬁ

v" adrenaline (epinephrine) Y

\/ SerOtOnIn SUBMUCOSAL / .
(5-Hydroxytriptamine) PLEWS 1
A :

amino acids .
v GABA Giond

purines
\/ ATP ﬁ Yillus cell

(goklet cell)
gaseous messengers E—
v’ nitric oxide ey

) : . A The process involves a cascade of events -
] 2;;;'} :Iql'po?\:'-t:rﬁan{:”n?baaﬁla;NE}EHOH-SO'J'E'"EJQ"C - involving muscarinic stimulation (ACh) and

‘/ Carbo n Mmon OX| d e choliergic) neuratransmitter: subsequent release of NO

- Substance P

NANC neurotransmitters NPY (nutopepie

Confral (inputs) from extrinsic nervous sources
(not detailed here)

Results of intrinsic activation of blood vessels
control resutts mainly in vasodilation.

Prof. Dr. Nikolai Lazarov INB: enteric transmitters = CNS neurotransmitters 21



Is really there a brain in the gut?

" here are some reasons... Paychological Factors
Stress :)‘l‘;tot?rbances
W@W‘/ ® Anxiety
@ Depression
Dann muss »Mindestens -
DADDY ein 1ooNMil|ionen
GEN|E Sein! ZElelLvnen.« Central :J;rr:;‘u)s System

Autonomic Nervous System

Enteric Nervous System

+ |ntestines

« Smooth Muscle

“The fate of a nation has often depended on food | -
or bad digestion of a prime minister” [|EX

Prof. Dr. Nikolai Lazarov rVoﬁaire 22



A s really there a brain in the gut?
Two brains are better than one,

especially if you are hungry!

Gufsy move
..for a brain!

Prof. Dr. Nikolai Lazarov 23



Structural organization

= aggregations (a network) of autonomic nerves and ganglia:
v’ situated in the thoracic, abdominal and pelvic cavities RE—

Ganglien des Halssympathicus

innervate the thoracic, abdominal and pelvic viscera s

pass along branches of the arterial blood vessels "=

composed of sympathetic, parasympathetic,
and sensory fibers

<N S

Ganglien des. \ 4 thoracici,

£
cranialen Brust- . ~”e"“’a°"'fu5\ I\
—\__sympathicus { -------- -y \
:
f
|

| 1
p! v /w1
. Nn.intercostales |
> _ s >\
Spinalnerven caudalen S— ,
. \Brustsympathicus Nn. splanchnici

thoracici { / “\
]

i
}

e~ T
> |

Ganglien des |

Ganglien 3 e — ~
des cranialen l
Lenden- Direkte Fasern
sympathicus: zuden

Gefilen

Ganglien
des caudalen
Lenden-

sympathicus

Plexus lumbosacralis

Prof. Dr. Nikolai Lazarov 24



28 Autonomic innervation of the eye

sympathetic innervation — SCG of sympathetic trunk:
v"dilator muscle of the iris
v tarsal muscle } Horner’s syndrome
v"orbital muscle (of Miiller)

parasympathetic innervation — oculomotor (CNIII)
parasympathetic fibers = ciliary ganglion = short ciliary nerves:

v"sphincter muscle of the iris = constriction of the pupil

Prof. Dr. Nikolai Lazarov



@ Autonomic innervation of the Salivary glands

secretory fibers in cranial parasympathetic nerves| %«

LACRIMAL B —
g / {'

SHENOPAIATINE GANGLION
POSTERIOR SUPERIOR

parasympathetic innervation:

v' facial nerve:

» pterygopalatine ganglion = lacrimal gland,

palatine and nasal glands .,,,.,s. /4 ) soon o
> submandibular ganglion = 7z i | "”:.:‘,:ff;;:u o
. . ) Y /
submandibular and sublingual glands

v glossopharyngeal nerve:

AURICULOTEMPORAL NERVE

» pharyngeal plexus, lingual branches SUPERFICIAL TEMPORAL ARTERY

tympanic nerve = lesser petrosal nerve = otic ganglion =

. . PAROTID GLAND
auriculotemporal nerve = parotid gland

sympathetic innervation — SCG of sympathetic trunk:

» deep petrosal nerve = pterygopalatine ganglion =
lacrimal gland » _ L

SUPERIOR CERVICAL
SYMPATHETIC GANGUION

MEDULLA

THORACIC

> external carotid plexus = external carotid nerves = EXTERNAL CASOTD ASTERY samenc own S
submandibular ganglion = submandibular and sublingual glands :

CAROTID
ARTERY

» external carotid nerves = otic ganglion = parotid gland

Prof. Dr. Nikolai Lazarov



Plexuses In the thoracic cavity

cardiac plexus - contain both afferent and efferent fibers: i e

Garglion cervicale superiss

v superficial (ventral) part — cardiac ganglion: F

N cardiacm

» formed by cardiac branch of SCG of sympathetic trunk N |
and cervical cardiac branches of vagus Goaghon cercale medum R
> gives branches to the deep part of the plexus, Somp e \ ------
to the right coronary plexus and = A
to the left anterior pulmonary plexus N
P——

v deep (dorsal) part:

» formed by cervical and upper thoracic sympathetic ganglia,
cardiac branches of vagus and recurrent laryngeal nerves Caaaier,

Ganghon corvicothoracicum
{seliatum|

> right half supplies right anterior pulmonary plexus, N cardacun curvicabs inferor

right atrium and part of left coronary plexus 2.
i . ® Mural parasympathetic
> left half supplies left atrium,gengia

Ramus cardacus
Iharacicus nuvvi vagl

CGanglon thoraccom I

left anterior pulmonary plexus and

Ramus communicans shus

greater part of left coronary plexus

Ramus COmMmMunicans griveus

o - '\. |\

= 8, AN s
NOTYS Cardiact thovacicl ) “‘df‘ WM
i &z*ﬂ -,:{,,
= -

Canghan thocacscum

Prof. Dr. Nikolai Lazarov 27



Plexuses in the thoracic cavity

» pulmonary plexus - branches from the vagus and sympathicus:
v’ anterior part:
» formed by cardiac branches of the SCG and vagus

v’ posterior part:

» formed by rami of the cardiac branches of the vagus,
from the cardiac plexus and Th2-Th6 sympathetic ganglia

v"gives branches to the bronchi, pulmonary and bronchial vessels
= thoracic aortic plexus - branches to the oesophagus

Parasympathetic, Sympathetic,
presynaptic, excitatory postsynaptic, inhibitory

— Epinephrine
(inhibitory)

Blood vessel

Mucous
gland

Smooth
muscle

Mucous |
secretion Contraction Dilation

Prof. Dr. Nikolai Lazarov 28



@ Primary plexuses in the abdominal cavity

= coeliac (solar) plexus — the Iargest autonomic plexus
located at Th12-L1: : -

v" surrounds the coeliac artery and
root of superior mesenteric artery i

v" unites the coeliac ganglia

A A

v joined by greater and

v-",";.’-

— s -
e - h

lesser splanchnic nerves

~

= abdominal aortic plexus =
Intermesenteric plexus

e

phane hni
by H-0
ot el e
fheu 4
B S - Plexus coeliacus
3 mit Ganglia coeliaca A
i
* Plexus hepaticus 3
T{un‘(ug — e plEXUSQBSlfiCi cral v
sympathicus * Plexus splenicus Rarmi communicanses gre
mit Ganglia * Plexus pancreaticus
lumbalia P H

Prof. Dr. Nikolai Lazarov 29



@ Secondary plexuses in the abdomen

v phrenic plexus

— - Plexus coeliacus
mit Ganglia coeliaca

A * Plexus hepaticus — Leber, Gallenblase
/ h e atl C I eX u S Truncus — * Plexus gastrici — Magen
sympathicus * Plexus splenicus — Milz
mit Ganglia * Plexus pancreaticus — Pancreas, Duodenum
lumbalia

— Plexus mesentericus superior
mit Ganglion mesentericum superius

v left gastric plexus

* keine Unterplexus — Pancreas (nur Caput), Duodenum,
Jejunum, lleum, Caecum, Colon,
oral der Flexura coli sinistra, Ovar

v splenic plexus

Plexus suprarenalis und renalis
mit Ganglion aorticorenale

Plexus inter-

mesenternicus

S u r ar e n a eX u S * Plexus uretericus — Nebenniere, Niere, Ureter,
nierennaher Abschnitt

Plexus ovaricusftesticularis — Ovar, Testis

v renal plexus = ureteric plexus

Plexus mesentericus inferior

* Plexus rectalis superior — Colon, aboral der Flexura coli sinistra,
Rectum, obere Etage

v testicular/ovarian plexus

// / — Plexus hypogastricus superior
/ . A « Aste zu Ureter
S u p er I O r I I I eS e n er I C p eX u S und Genitalorganen — Ureter, Epididymis, Testis, Ovar
Ganglia - _..T._ .
sacralia /

r——  Plexus hypogastrici inferiores

/ i n fer i O r m es en teri C p I eX u S [/ “ mit Ganglia pelvica

Y = I * Plexus rectales medius
4/ . f A und inferior — Rectum, mittlere und untere Etage
(N4 * Plexus prostaticus — Prostata, Gll. vesiculosa und bulbo-
. = urethralis, Ductus ejaculatorius,
v’ superior hypogastric plexus
p y Fnalie * Plexus deferentialis — Ductus deferens, Epididymis
:m;er * Plexus uterovaginalis — Uterus, Tuba, Uterina, Vagina, Ovar
* Plexus vesicalis — Vesica urinaria
* Plexus uretericus — Ureter, aufsteigend vom Becken
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astric plexuses

- Truncus vagalis
antenor

Truncus vagalis
postenor

R. hepaticus des

Truncus vagalis
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Plexus gastricus
e hon \t Cangion V1 i
prey ometdi . TrirCen Ot R, hepaticus des anterior
SOETr e ter e T T'Un(u\ v‘g‘)hs
[yeup——— T T —— anterior - Plexus gastricus
N oweroosaba “U"J‘
N splarm vnces " po
1haramrcisn mapss waeine R. pytoricus des
Truncus vagalis Ganghon
Penas 2onte o
Canghon wrrude pm“‘”‘" coekacum

Ganghon 1 des
Trurveuns vyropihiesn
e

Ladve arbsrny

R. pyloticus des
Truncus vagalis antenior

N wbnchiican
Thana Wam
rrary dertes [P rpe—

wral Koeram (oak mom

Truncus vagalis
e e anterior
therackous
e v e
Clanghy s,
comacs

A SAlr s urnts

R, hepaticus des —___

. s Trssea corte i Truncus vagalis

- A.gastrica

anterior sinistra mit
o A whewics Doy Plexus gastricus
) oyt
(0evrern s
ey ——— [P
Sreves R, hepaticus des —__L 1Ml TN ¢ =

Truncus vagalis o . AN . Fee Plexus splenicus
::::::::\:.‘h posterior -
e
Canghé e R, pyloricus des — N, splanchnicus

e ] Truncus vagolis MAOr sivister

A, pasteica dexies =~ ; anterior
o rmabi deeny -:\R —— N, splanchnicus
o Rand des — minor sinister
A grnodeotendby . . Lig. hepato-
A parm et A . duodenale Ganglia coeliaca
Plexus =
s hepaticus ~ Aste des Plexus

gastricus aul

Plexus pan- den Ad.gastro

prganglonis ———— creaticus auf

omentales
""" Aa. pancreatico-
A pencrosticn - prigangionts duodenales
Inbeicr r potganghunds < - oo
i o AR - fexus mesen-

tenicus superior

1 T " A \ | ’
{auf A. mesen ! Z ] . } S URATR A'\ \ 3'y

_ terica superior) P £ %
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Hepatic an lenic plexuses

R. hepaticus trunci Truncus vagalis Truncus vagalis
p— Trund us sympathicus g
vagalis anterioris posterior anterior

— Canglon sprale

— Medula spanain,
pans thoracica

N.splanchnicus

b splanchrcys thotacus major dexter

Mg sinmser

R. coeliacus trunch
vagalis posterioris

N splanchoicus thorackous major dexies ——1

Trumc us vagals posterior ——1 b Truncus vagalis anterar

— N.splanchnicus
major sinister

N, pheonicus dextet ——

Plexus — L —— Ganglia coeliaca
hepaticus = ng e
Plexus splenicus
R. pyloricus trunci
vagalis anterioris N, splanchnicus
minoe sinistes
Ganglion ———485
aorticorenale Plexus renalis

€ hetn

Ganghion mesen- -

tericum supenus

Plexus mesen-

Rarmus hopatious des Plexus testicularis — tencus supesiar
Truncus vagalis anteniar (ovaricus)
Dispde apma
Gy pheencum

Gangha coelisca
Aa.jejunales

A hepatica comemy

L hopatica comemunts und ileales mit
A soleaica lenals A.colica dextra vegetativen Plexus
mit vegeta-
tivem Plexus
Mewus hepaticus (amenor)
Plews hepatious (posteror A lleocolica
mit vegeta-

tivem Plexus
Aorta absdominalin

A gastrodoodenals
e Maxen

Sympathische Fasem
praganghionse
POSZANERONEI- = = o = =

Parasympathische Fasern

pragangleanir

postpanglonir « w v - -
Fasern

M. sphincier ampullae
hepmopancreaticae {00DI)
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/' Abdominopelvic
splanchnic nerve

Prevertebral
(preaortic)
ganglion-,

Via periarterial

plexus oL
Cells of
suprarenal
medulla
Cortex of . )
suprarenal gland Abdommopelwc
viscera
Trunces vagalis
postetion
N.splanchnicus
minor (Th10-11) =1
Ganglion __ \ —
aortico- :
renale

[ A

Plexus

renalis
Jreter (Pars abdominalis, - Plexus Gangla
niecennaher Abschnitt) uretenicus renalia

Prof. Dr. Nikolai Lazarov

N. splanchnicus —
major dexter

N. splanchnicus —

minor dexter

Ganglion
coeliacum

Plexus
suprarenalis

Plexus renalis

Plexus inter-
mesentericus

Plexus uretericus -

Ganglion mesen-
tericum inferius

Plexus hypo-
gastricus superior

N. splanchnicus
imus(Th12)

Rr. communi-
cantes grisei

N. splanchaicus

Nn. splanchnici
lumbalis 1

pelvici

Ganglion impar

Suprarenal and renal plexuses

R. coeliacus des Truncus vagalis Truncus vagalis
Truncus vagalis posterior posterior anterior

_— N.splanchnicus

major sinister

___——— N.splanchnicus

minor sinister

Ganglion mesen-
tericum superius

Ganglia
aorticorenalia

Truncus sympathicus,

Ganglia lumbalia

Truncus sympathicus,
R.interganglionaris

Plexus testicularis
(ovaricus)

Plexus hypagastricus
inferior dexter/sinister

Truncus sympathicus,
Ganglia sacralia

N.sacralis 1,
R.anterior

N. hypogastricus
sinister

Plexus sacralis
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Superior and inferior mesenteric plexuses

R. hepaticus trunci Truncus vagalis Truncus vagakis
vagalis anterionis posterior antesior

N. splanchnicus
major dexter
— R. coeliacus trunci
vagalis posterioris

N.splanchnicus
major sinister

Plexus — Ganal 1

angiha coelacs
hepaticus glia coeliaca
Piexus splenicus
R. pyloricus trunci —
vagalis anterioris N, splanchnicus

minos

nister
Ganglion ———3354

aorticorenale Plexus renalis

A.colica sinistra
mit vegetativem
Plexus

Ganghion mesen
tericum superius
Plexus mesen
Plexus testicularis - Sl
Colon
descendens

{ovaricus)

~ Ganglion mesen-
tenicum inferius

. ] Plexus mesen-
Ad. jejunales

3. jejunale tericus inferior
und ieales mit

vegetativen Plexus

m a3
tivem Plexus
Aa.sigmoideae
It vegeta
A, ileocalica tivemn Plexus
mit vegeta
tivern Plexus
Aste des Plexus
hypogastricus
inferior zu Colon
descendens u.
sigmoideum

W S LN e
L .\ \ . \ \
E \

Vegetativer Innervationsbereich des Plexus mesentericus
superior am Darm Vegetativer Innervationsbereich von Plexus mesentericus

_ — und hypogastricus inferior am Darm
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Ovarian/testicular plexuses

Gonglia

aottcorenalia

Canghon mesen
ROCuUm superivs
\7""l(,\ niee

Mmoot us

Truncus sympathicus, Canglion mesen
X bl
Gangha lombakia teticum inferius

Plexus Plesus testicularts
wetencus
Plexus mesen

tencus mienoe

s, S

Pieaun dacus Mexus wpo

GIAICUS superior

N. hypogastricus

Truncus sympathicus, snster

e

Gangil sacralia

N, sacralis

N wooo »
N Iypogastnouns R, antevior

deater

Rectum

e M

Pleaus hypo

Qastnicus mienios
N splanc hii

Pt Pleaus rectaliy

medius (aus Plexys

Me . VIS ), 3
Plexus vescalih hypogastricus inlevior

Mo

proataticus
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= inferior hypogastric (pelvic) plexus:
v hypogastric nerves — sympathetic innervation

Primary plexuses in the pelvis

2 a Sympathetic
v" pelvic splanchnic nerves — e
Chan
parasympathetic innervation
S Superior
L —e H i
N.sphanchnicys —————r—=t= - Ganglia YPoeRIne
major (Th5-9) C \ coeliaca Fxas
=1 \ S Plexus inter-
N.splanchnicus — "’:;;V“‘\ - D
minor (Th10-11) — \ (“:::’""" Wi, § '
L_f_: \ tericum superius \ / Sacral
N. splanchnicus ——— iy ¥ : Sympathetics
imus (Th12) L —t— /
Nn. splanchnici 7;“ —’—"// Ganglion mesen- 7\/
umbales (L1-2) ’\ tericum inferius 1 Pl ,
$ exus mesen-
Nn. splanchnid —— ’_/_1 tericus inferior
lumbales Plexus hypo- . =

(aus Ganglia
lumbalia 3-5)

Nn. splanchnici - s

. Gastricus supenor {
5/
\ > —~rd I\,
v === SN

| ) . o Inferiox
W A ; , Hypogastnic

Plexus
(aus Gangla v = NG
sacralia 1-3) : \\g“': 4 " Plexus rectalis
: superior
\ S
—  Sympathikus Nn. splanchnici Plexus hypo- \ " Plexus rectalis
—  Parasympathikus pelvici (S 2-4) gastricus inferior Plexus medius

und Ganglia pelvica rectalis inferior
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Secondary plexuses in the pelvis

common (male&female) plexuses:
v" middle and inferior rectal plexuses
v vesical plexus
autonomic plexuses in the male:
v’ prostatic plexus
v plexus of the deferent duct
autonomic plexuses in the female:
v' uterovaginal plexus -
v vaginal nerves — parasympathetic "=

- Truncus Mean - 1 . \ =) Veetetwa
sympathicus = Sympathikus netetiouy \ A Turmbalis v
——  Parasympathikus 9 =

N, splanchnici
lumbales (L1-2)
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@ Autonomic innervation of male genitals

innervated by both somatic and autonomic nerve fibers

Plexus inter- ——— !
mesentericus

somatic innervation: P

tericus inferior

‘/ pUdeﬂd&' nerve Nn. splanchnici y v = iz = & Sl Truncus sympathicus,

lumbales Ganglia lumbalia

autonomic innervation — parasympathetic and

Rr.communi- — Nn. lumbales,

cantes Rr. anteriores
sympathetic fibers: e s e
uretericus lumbalis V

v' pelvic plexus = cavernous nerve = penis

Plexus hypo-

qastricus superior Truncus

lumbosacralis
N. hypogastricus
dexter

N. hypogastricus
sinister
Plexus iliacus

o 1%
N. obturatorius — ——».‘, l A/%

— Nn. splanchnici
pelvici

Plexus rectalis

Plexus —— medius

deferentialis
N. pudendus
Gl.vesiculosa ——
-~ Plexus rectalis

inferior
Plexus ——

vesicalis

Prostata - Nn. rectales

inferiores
Nn. cavernosi
penis

\ Nn. scrotales
N. dorsalis Plexus posteriores

penis prostaticus
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@ Autonomic innervation of male genitals

innervated by both somatic and autonomic nerve fibers

F——<§h—=——< Sympathetic (S)
{———<y————< Parasympathetic (P)

v pUdendaI nerve &—————=, Somatic motor Prostatic gland
>——L< Somatic sensory

somatic innervation:

autonomic innervation — parasympathetic and
sympathetic fibers:

v' pelvic plexus = cavernous nerve = penis

1 Erection. Psychic stimulation of the central
parasympathetic pathway activates selected
preganglionic neurons (P) to pelvic ganglia supplying
parasympathetic fibers to the internal pudendal
artery, where muscarinic and vasoactive intestinal
polypeptide receptors cause the artery to relax, Vi
allowing blood to distend the penile cavernous tissue \
spaces. Cholinergic fibers also cause the relaxant
transmitter nitric oxide to be released from the lining
epithelium of the cavernous spaces.

Vas deferens

2 Secretion. Parasympathetic ganglia in the walls of the
prostate and seminal vesicles are stimulated to cause
glandular secretion (via muscarinic receptors on the
acini). These secretions contribute 80% of total
semen volume.

3 Emission. Psychic stimulation of the central
sympathetic pathway activates preganglionic
neurons to pelvic ganglia supplying fibers to
o, receptors on the smooth muscle of vas deferens, Bulbospongiosus
seminal vesicles, prostate, and internal urethral R P s

Functional innervation of male genital tract.

Motor end plates
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@ Autonomic innervation of female genitals

g Plexus aorticus Plexus mesen-
— —— Truncus ' - Sympathikus abdominalis / tericus inferior
S— sympathicus =~ Parasympathikus > ‘
‘ Plexus hypa- - Plexus ovaricus
é qastricus superior ~ e i

—1 N. splanchnicus ~
| ] minor (Th10-11) Pl o -
i | | iliacus ¥

L | N. splanch- ¢

i ] nicus imus - s—  Ganglia N. hypo- ——— N.hypo-
— (Th12) A3 coeliaca ga.sx’r(i;’:s gastricus

| | dexter sinister

R *—

e p—— = Ganglion
o/ N renale > ; r
I—-\_‘ 24— Ganglion \ e N\
Al mesenterict \ N&

— p / splanchnici
potie.) Nn. splanchnici Shpers / ‘ prowioz
| ‘ lumbales (L1-2) Plexus inter- Plexus hypogastricus Plexus Plexus hypogastricus o x
[ 1 “SH st inferior (dexter) uterovaginalis inferior (sinister) AN covkace)
| !

\ \ Canglion Ubersicht iiber die vegetativen Plexus im weiblichen Becken

! J1b X » Ganglion

\ mesentericu.,., mesontericum

\ '/ ‘ inferius superius

=/

- Nn. splanchnici i — Plexus
pelvici (52-4) hypogastricus

s\\ superior ;nt‘:
N. hypogastricus ————// \\ ;

e Plexus

/ ovaricus
Plexus hypo- 3 f
gastricus inferior

¢ {# .‘ri_" =

p U N
AR
YV
g
-

/

/7

Plexus utero- Tuba Ovarigm . .
vaginalis uterina
Nn. labiales posterioess
Vagina
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Ganglion aorticorenale

N. Siohypogastricus —=
(XL L1

\ .‘ N, ho-dngumalis (L 1)

N. tharacicus VI,
ramus ventralis
IN. intercostals Vil

Truncus sympathicus,
Ganghia trunch
sympathici

N. thoracicus X,
Ramus ventralis
IN. Intercostales X1

Rami communicantes

N, thoracicus XIT
ramus ventralis
IN. subcostalis|

Ganghon mesentericum
inferius

Plexus intermesentericus

Phexis hypogastricus
superiot [N, praesacrali

N, sacralis |,
famus ventralis

N, hypogastricus
Idexter und sinister)

N splanchnici pehic
INn. erigentes]

Plexus hypogastricus
nforion

Plexuss pelvicus]

Plexus uterovaginalls
|FRANKENHAUSER]

N, pudendus (S 1, 1, 1V)

N, rectalis infedior



Clinical notes

the overall functional status of the body:

v" vital body processes are autonomic reflex
responses;

v/ many somatic-visceral
somatic reflexes;

v metabolic and mechanical irritations of
autonomic nerve fibers cause different
pathologic conditions;

v’ an appreciation of the nuclei, fiber
pathways and resulting reflex deficits from
Injuries are useful as a diagnostic aid in
exploring the diffuse distribution of the
autonomic system;

v' changes in cutaneous sudomotor and
vasomotor reflexes, changes in skin
temperature, and increased  skin
resistance to passage of a minute electric
current indicate the involvement of
sympathetic nerve fibers;

v a knowledge of dermatomal and
peripheral nerve distributions often can
provide additional evidence to
substantiate both the location and level of
a nerve injury.

and visceral
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The Body’s Reaction to
Sympathetic Nervous System Activation

BRAIN EARS

* Perceptual Narrowing « Auditory Exclusion
« Loss of Cognitive Processing ADRENAL
» Increased Reaction Time

» Hyperviligence

Motor Skills

LIVER Releases White Blood

« Begins Breaking Down Cells and Platelets for
Glycogen for Energy Possible Injury

HEART » LUNGS

« Increased Heart Rate '« Dilated Bronchioles

» Increased Blood Pressure « Increased
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