Peripheral Nervous System,
Autonomic Nervous System

. Spinal nerves — formation and general organization

. Cranial nerves — overview:

v origin and peripheral distribution

v functional components and modality

v innervation zones

. Topographic organization and structural features of ANS
Main subdivisions of the ANS:

v' sympathetic nervous system
v' parasympathetic nervous system
v’ enteric nervous system



A1 Classification of the nervous system

Prof. Dr. Nikolai Lazarov

Mervous System

Central Mervous Syskem Peripheral Mervous Syskem

’_\_‘ |
Mokar (Efferent) Meurons

Aukonormic Mervous Swstemn

Sympathetic Mervous Svskem

Brain Spinal Cord Sensary (AFferent) Neurons

Somatic Mervous Svskern

Parasympathetic Mervous System




2.3 General organization of the spinal nerves

= 31 pairs of segmentally arranged nerves:

v 8 cervical - C1-C8

v' 12 thoracic —Th1-Th12

v' 5 lumbar —L1-L5 =

v 5 sacral — S1-S5 02 o
v 1 coccygeal - Col |

= corresponds to a pair of embryonic somites

= emerges through the intervertebral foramen
= mixed spinal nerve (common nerve trunk)

Truncus nervi spina\is,\ / N. spinalis, Radix anterior \
R. meningeus | | A\ SRS B Sympat tone (T1-12)
AR ; . o i ulation)
T ervi spinalis, R. communi 2 B, Lig. denticulatum ‘ P and trunk statiy (15 g
Trul rvi spinalis, R. anterior «, & i L & b, W ;. N
Epineurium 1 N A —~ Gangl Sorium nervi spir S . ,.‘ a
T rvi spin; R. posteril = 175
. : — Dura mater spinal A '3 Lumbar Division:
Ganglion spi . X
N B A : Eaculaton (11142
~— N. spinalis, Radix posterior | h mwﬂm prrction )
Spi b i 4 J
aaaaaaaaaaaaaaa o " ., 1/
¢ | + }—Kneeextension 3
Spatium epidurale; Plexus ven ¥ 1 .:,
vertebralis internu F \
7 .
s Y

= topographic relationships between spinal nerves, ML e

I segments and vertebrae Ny
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Spinal nerve formation

= ventral (motor) root: ocem . Lo |
v axons of neurons in anterior and lateral grey columns l "l""“' Root Ganglion
v" motor and autonomic (sympathetic and parasympathetic) =

= dorsal (sensory) root: Ve
v" central processes of the dorsal ganglion cells 'E

v’ convey somatic and visceral sensory information \

Ventral Yentral
Hom Root

Spinal Membranes and Nerve Roots

Spinal Nerve Crigin Anterior View
Cross Section through Thoracic Vertebra

Spinal
‘r/ Herve

i
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Spinal ganglion

spindle-shaped aggregations on the dorsal roots -« . Posteror roo
— dorsal root ganglion /I dndld I\ Spinal ganglion

. ] ] - L (ganglion sensorium
v" (pseudo)unipolar neurons — ovoid or spherical | ‘@/ nervi spinalis)

(primary afferent neurons)

v' satellite cells (capsular cells, amphicytes)
v Schwann cells and blood vessels

embryonic origin — neural crest cells
location — in intervertebral foramina

axons (afferents) — proximal and
distal processes

functional modalities:
v" mechanoreception
v' nociception
v' proprioception e

Anterior root

\Jk

Spinal nerve

Capsule

Glomerulus

Prof. Dr. Nikolai Lazarov



Spinal nerve trunks

= Spinal nerve functional components:
v somatic components — efferent and afferent fibers
v" visceral components — sympathetic or parasympathetic

= Spinal nerve branches:

v" meningeal branch — at all vertebral levels
(recurrent meningeal nerve)

ulfr’ /

v" white ramus communicans - myelinated pregangllonlcflbers( fy,ﬁ,,,( v%
> all thoracic and L1-L2 to corresponding sympathetic ganglion" 3'°"*~f'\‘..m
» S52-S4 nerves to the parasympathetic pelvic plexus ol

v’ grey ramus communicans — unmyelinated postgangIiBuﬁhiwg?iﬁﬁﬁéwrg_:_l-%l»‘f’

» from paravertebral sympathetic ganglia _-
v" ventral (anterior) ramus — thicker T\
» ventrolateral muscles
» skin of the trunk and extremities
v" dorsal (posterior) ramus — thinner
» intrinsic dorsal muscles of the back and neck
» overlying skin from vertex to coccyx

Capoula arlicdans =< S

Prof. Dr. Nikolai Lazarov 6



28 Dorsal rami of the spinal nerves

= divide into medial and lateral branches (exception C1)
= have a typical segmental distribution ’ﬁ

= cervical dorsal rami:
v" suboccipital nerve (C1) — purely motor
v' greater occipital nerve (C2) — mixed | W
v C3 medial cutaneous branch, third occipital nerve * 1 NG

» thoracic dorsal rami:
v' Th1-Th6 — medial (mixed) and lateral (motor) branch
v' Th7-Th12 — medial (motor) and lateral (mixed)

* |lumbar dorsal rami: o
A<
v L1-L3 lateral cutaneous branches — superior clunial nerves

= sacral dorsal rami:
v' S1-S3 lateral cutaneous branches — medial clunial nerves

;

Prof. Dr. Nikolai Lazarov 7




28 Ventral rami of the spinal nerves

= Thoracic ventral rami — 12 pairs:

v' segmental distribution —
intercostal nerves

v' Th12 — subcostal nerve
v" anterior cutaneous branches

~~ Qesophagus
[T4'T5 )
_.~ Gaster [Ventriculus]

!TEF

—- Hepar, Vesica biliaris
[fellea] (T 8" T -

—= Intestinum tenue

——- Intestinum crassum
T
! 11?

—- Ren, Testis [Orchis]
1 e (M

- R |

——- Vesica urinaria
( 44" L 11

Prof. Dr. Nikolai Lazarov 8



22 Cervical plexus, plexus cervicalis

Cervical Plexus

= Formation and segmental origin: ™

v" ventral rami of C1-C4 nerves %

= Branches: A\
v superficial (sensory) branches:.... iT B Cv |

> lesser occipital nerve, A A

n. occipitalis minor

> great auricular nerve,
n. auricularis magnus

» transverse colli nerve,
n. transversus colli

» supraclavicular nerves,
nn. supraclaviculares

v deep (motor) branches:
» muscular branches, rr. musculares

» inferior root of the ansa cervicalis,
radix inferior ansae cervicalis

» trapezius root, ramus trapezius
» sternocleidomastoid root, r. sternocleidomastoideus
» phrenic nerve, n. phrenicus

N. occipitalis
minor

N. auricularis
magnus

N. transversus colli

Nn.supra-
claviculares

Prof. Dr. Nikolai Lazarov 9



21 Brachial plexus, plexus brachialis

= Formation and segmental origin:
v" ventral rami of C5-C8, Thl nerves

= Three primary trunks:
v" superior (upper) trunk — C5-C6
v middle trunk — C7
v" inferior (lower) trunk — C8-Th1l

| D|V|S|Ons CORDS DIVISIONS -\TRUNKS\ ROOT
v' posterior division
» posterior cord

v’ anterior W W < At
> lateral cord

TRUNKS |DIVISIONS| CORDS MAIN BRANCHES

Prof. Dr. Nikolai Lazarov 10



21 Brachial plexus, plexus brachialis

Main branches: _
v supraclavicular part || ———

» dorsal scapular nerve, f/ | ——

n. dorsalis scapulae - ||

__—N.cervicalis §

- /// | “l ' \Q\\ Truncus nanvi spinalis
» long thoracic nerve, gl \
n. thoracicus longus ) IR ., i
> nerve to the subclavius, - (e ||
n. subclavius . v 47 || o
» suprascapular nerve, 3 6 prihs
n. suprascapularis wnlV'-” 5o . || I SR
v" infraclavicular part: LA

N, medianus -~

» lateral cord, fasciculus lateralis: e i
* musculocutaneous nerve, n. musculocutaneus
* |ateral root of median, radix lateralis n. mediani

» medial cord, fasciculus medialis:
» medial root of median, radix medialis n. mediani
 ulnar nerve, n. ulnaris
» medial cutaneous of arm, n. cutaneus brachii medialis

» medial cutaneous of forearm, 3 o
n. cutaneus antebrachii medialis

» posterior cord, fasciculus posterior:
« axillary nerve, n. axillaris
* radial nerve, n. radialis

Prof. Dr. Nikolai Lazarov 11



21 Brachial plexus, plexus brachialis

= Brachial distribution of:
v" musculocutaneous nerve
v median nerve
v ulnar nerve
v' radial nerve

= Forearm innervation: , _
v median nerve @ i 1
v ulnar nerve i W |
v radial nerve

v/ median nerve Y
v" ulnar nerve

Prof. Dr. Nikolai Lazarov 12



Peripheral neuropathies

= Radial nerve palsy, wrist drop
(Saturday night palsy)

= Ulnar nerve palsy, ‘claw hand’
handlebar palsy - cyclist's hands

= Median nerve palsy,‘accoucheur's hand"¥
median neuropathy (Carpal tunnel syndrome)

Prof. Dr. Nikolai Lazarov 13



Lumbosacral plexus, plexus lumbosacralis

= Lumbar plexus, plexus lumbalis:

/ . . [ 1 T2
n i
formation and segmental origin: N
//,/
:2; : L1
M A. cutaneus lateralis ——= / = 8
» ventral rami of Th12, L1-L4 nerves //_ _
M. iliohypogastricus ————-/ ¢£ " "
N. ilioinguinalis ***7‘#7 L 5 Lz
F 2 5 i Plexus lumbalis
Lumbar Plexus Sacral and Coccygeal Plexuses ; &
Schema Schema _,5 /‘{
4 7 /E ) L3
R.femoralis ——"———— | # -'
Ngen!oiemoals{ = oy il e
R. genitalis ’&;‘I'ﬁ }ﬂ oA
A
N. cutaneus femoris lateralis ——-=" | X
' = L4
/ 2= 7"
N. femoralis “"“*14‘ y 7% Eﬁg%ssacra\is
| L5
N. obturatorius ——7:5/‘ / =
Truncus lumbosacralis ———__ __ £~ 7, ' "\
N. gluteus superior — — —& '_,?"" 4 S1

Plexus sacralis
N. gluteus inferior

52
5
B N. ﬂbular'gs
h hiadicus 4 CoMmMunis .
N, tibialis
~
e &
-4 / =
‘ F\ B 55 Plexus
iﬂ'fﬂ . cutaneus femoris posterior f..;_‘ .\'—; A COLTYORE
o ..‘ \ Co
T |I ¥
M /\f’ 4

= Sacral plexus, plexus sacralis:
v formation and segmental origin: Coccygeal plexus,

» ventral rami of L5, S1-S5, Col nerves plexus coccygeus:

D v ventral rami of S5,Col
Prof. Dr. Nikolai Lazarov 14



Lumbar plexus, plexus lumbalis

= Branches:

v muscular branches,
rr. musculares

v" purely sensory branch:

» lateral femoral cutaneous nerve,
n. cutaneus femoris lateralis

v" sensorimotor branches:

» iliohypogastric nerve,
n. iliohypogastricus ... :

» ilioinguinal nerve, ... .
n. ilioinguinalis = SNE
> genitofemoral nerve;---1&
n. genitofemoralis -z
» obturator nerve, -
n. obturatorius R
» femoral nerve,
n. femoralis

Lumbar Plexus In Situ

Prof. Dr. Nikolai Lazarov 15



Sacral plexus, plexus sacralis

= Branches: P -

Psoas major muscle

v motor branches: | | s e

» muscular branches, -« g | =
rr. musculares g &

rrrrrrrr
aaaaaa

» superior gluteal nerve,
n. gluteus superior

» inferior gluteal nerve, :

ssssssss

n. gluteus inferior [T/ Ll O\ e e
v" purely sensory branch:; ==« A .
> posterior femoral cutaneous nerve B o
n. cutaneus femoris posterior __ g il 4 v

v" sensorimotor branches:

> pudendal nerve, N
n. pudendus

» coccygeal nerve, B ] ¥
n- Coccygeus 4] LE | b Pudendal nerve

> sciatic nerve,
n. ischiadicus

v visceral branch:

» pelvic splanchnic nerve, i
nervus erigens :

Superior gluteal nerve

Sciatic nerve
Tihial branch

Comman peroneal branch

Prof. Dr. Nikolai Lazarov 16



Cranial nerves

VII.

VIII.

| X.
X.
Xl

XIl.

Z Z2 Z2 Z2 Z2 2 Z22Z2 22 Z2 2 Z

. accessorius 4
. hypoglossus ? ﬁ ‘

Cranial Nerves

. olfactorius Sensory
_ hator
. opticus
oculomotorius gl n Dot -
. | Offactory 111l Qculomnotor MFE ¢
. trochlearis | WORLE 1y Trochlear (@8
. _ . _,J'T | Abducens |||f,
.trigeminus | P =
R ‘v’Tnger‘nlnaI
. abducens e, g
. facialis il
. vestibulocochlearis
. glossopharyngeus
.vagus

Al Hypnglnssal 3

A1 Spinal

Prof. Dr. Nikolai Lazarov 17



Functional classification

v' purely sensory (afferent):
» n. olfactorius

X | . > n. optiCUS Cranial Nerves (Motor and Sensory Distribution): Schema

FUNCTION OF » n. vestibulocochlearis

CRANIAL NERVES ' )|
‘v purely motor (efferent):
» n. oculomotorius
» n. trochlearis
SENSORY  SoNSORY yotoR  AuTONOMIC » n. abducens
» N. accessorius
» n. hypoglossus

: v
e ] mixed (sensory&motor): |

Functional Anatomy » n. trigeminus
» n. facialis

» n. glossopharyngeus

Spinal nenre fibers
Efferent (moton) fibers
Afferent (zensong fibers

1%
Glossophanngeal
Taste—posterior 153 of

<) tangue
o Senson—tensil, phann
& middle ear

" motar—stylophanmngeus,

» n. vagus
v" autonomic (parasympathetic):" .z,
> n. oculomotorius °_”f i)
stanley Monkhouse > n. facialis — @};u

» n. glossopharyngeus™’

d n. vagus -

Prof. Dr. Nikolai Lazarov 18



nn. olfactorii

Olfactory nerves,

= gspecific sense of smell (olfaction)

= the shortest cranial nerve —
cribriform plate (lamina cribrosa)

= 18-20 bundles, fila olfactoria —
non-myelinated axons

kead diractly o)

he bimm, th 2rem mgpensble ko
amaliars, mm’a’ddemm
el this conredion He sense o

iz e et ot b this mu
then hasing or vision

: Sare erors wihin the cladary bulb
HILE e b "I'

v" olfactory receptor neurons —
40 millions in olfactory epithelium

Odor mekeoulos sre imnsmitioc]
tothe clbicieey epibeum co

= I neuron of the olfactory pathway W R

1. Cilia of olfactory receptor neuron (ORN)

2. Microvilli of supporting cell

3. Dendritic process of ORN

4. Cell body of supporting cell
1 5. Excretory duct of Bowman's gland
6. Perikarya of ORN
7. Basal cell
8. Bundles of alfactory axons
il 2 9. Glial sheath of olfactory axons
10.  Acini of Bowman’s glands

3. The signals are relayed in the
glomeruli, well-defined micra-
regions in the offactory bulb.
Receptor cells of the same type
are randomiy distributed in the
nasal mucosa but converge on
‘tha same glemerulus.
In the glomerulus the receptor
narve endings excite mitral
cells that forward the signal
to higher regions of the brain
Bone with maintained specificity.

2.\When the odorant molecules
Nasal bind torece the olfact:
epithelium  receptor cells are activated an
N Dl!mry send electric signals to the brain.
4 I:::spmr 1. The odorant receptors are lo-
£ cated on the olfactory receptar
cells, which occupy 2 small area
in the upper part of the nasal
epithelium and detect the in-
haled odorant molecules.

o | Ddorant molecules
| bind to receptore

LY e 9 'II'
I with oderant melecules '.; %
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Optic nerve

Optic nerve, n. opticus

~ 4 cm long

M. eplicus [II] [ Pars intralaminaris \
[Pars postiaminaris

i 1 Excavatio disci

| i

| ! ; Lamina cribrosa sclaras
|

|

nervesum Pars
- optica
{ T~ Stratum retinas

L S e — Siratum ]

«  pigmentosum
b

= specific sense of sight (vision) e
v intraorbital part — 25 mm long
v canal part ~5 mm long
v" intracranial part ~ 10 mm long

™ Choroldea

Y
™ Substantia propria
sclerae
— —— Vagina extarna narvi opticl *

== Vaglina inferna nervi colici **

-
Lamina -~

episclaralis

= 1 million axons of ganglion cells in the retina

AV eantrafis retinge =

’1 (it f!};r-flw. H il il R

= |llrd neuron of the visual pathway s e

Ophthalmic
nerve (V)

Optic nerve

20
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optic disc (optic nerve head)
a. et v. centralis retinae
optic canal

through anulus tendineus communis |

optic chiasm = optic tract:

v’ partial (~ 53%) decussation

of the (medial) fibers
0s oD

Soayr risrvagrae < a
AP

]
agina mdema : £~ Perodiia
M. epitici [, :
F?;: r_u.n:IlE. b Arsilus barndingus communis , 3 : & —— M. Imvaior palpebeas
. ) | 3 LT
N e -.\ Chira mater craméalin i 1 ] = i
Farms mumnlil-lf; e % L s

. e = N ppilias 1],
Parg o 1l

Trattun opbitul ——
i
== —— A ophihalmica
A, opbthaimicn == P e g
. ; = Compus abiposum orbitas
A carotis indoma, —= 7 8 g
Pars e Ty e
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Optomotor group

L i
anastiabRens Ciliary ganglion

Abducent nucleus

Trachlear nusleus

Short ciliary nenes
Pasterior ethmoidal nerve

) Anterior ethmaidal nenve
Sensory oot of siliar ganglion
Superior oblique muscle Qeulomator nucleus
Sympathetic oot of siliary ganglion
Superior division of Accassory aculamotor

Leuator palpebrae superioris muscle
sculomoter nence (EdingerWestphal)

nueleus (parasympathetic)

Superior rectus muscle
Frontal nerve (out)

n. oculomotorius
v trochlear nerve, o (& ozan N |

Trochlear nerve

n. trochlearis 7" 5%
v abducent nerve, ™ N

Nudeus of

n. abducens .=

Ophthalmic nane (1)

Medulla
Abducent
nerve (W)

Mandibular nenve (43)

Infraorbital neme
Penrgopalatine
ganglion

Intemal carotid aery
and nenve plexus

Zygematic nene (out)

Nucleus accessorius —~— __
nani oculomotori ~~

Inferior ablique muscle

Inferior division of

Ciliary musele
oculamatar nerve
Maxillary neme (V2)

Nucleus nervl oculomotorii — ——
” ; Dilator muscle of pupil
T T —
” Sphincter muscle of pupil Medial rectus muscle
Lateral rectus musele and
Efferent fibers Inferior rectus musele sbducent nenve (umed back)
Affarant fibers . ; ‘W
Parasympathatic oot aueinous plexus e
4 ”:m

Common tendinous ring

Nugleus nervi trochlearis —
== Sympathetic fibets
of ciliany ganglion

- Parasympathetic fibers
M, ocuamoicrius (1] R. supesior
Racks sensofa | L+ M. oblquus suparics
Fd

M nauwuarml I
Figaua orbitals supariar !
W, oculornaterius {17 |

Nucleus motarius nerv trigemin

Nucleus nervi abduceniis ——+—————=—

Nueleus nervi faclalis

G SR WA == =53 - L —.
] Tocturm masancaphal = --\'-..::j
|- r

T M reciiss interals

Nucleus salivatorius inferior
« " Nuclaus vestibularis superior
" S ~ Nucleus vestibularis lateralis | Nyelel
Nucleus ambiguus "~ ™ Nucleus vestibularis inferior vestipulares ——
 Nuclous vectbulads medals M. rochiearis [1V] oy i i
Nucleus dorsalis nervi vagl =~ s - L " W " ey N
I S i st et g M. trigarmima [V], Ganglion ifgamnais — — iy L N cilanedg. Dreves
uclsus nervi hypoglossi < g ," =
5 N
W, abducans [VI] ——— { b % NN Ganglion cilsns
4 M Pong thalmica; N spbarius (), R, Indeder
P L . peulomaborivs [, B, e
carobcus b
5 * Radi parssympathica

IFTHEILE a

* Pyrama
* Rei sympathios

ohlongaias

Nucleus nervi accessori

22
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@ Oculomotor nerve , n. oculomotorius

111" cranial nerve — somatomotor and
parasympathetic aqueduct

Tectum

Visceral
oculomotor

nuclei at the level of superior colliculus: | e

v nucleus nervi oculomotorii —  motor s N\ o

v" nucleus oculomotorius accessorius I P
(of Edinger-Westphal) — autonomic i

sulcus medialis cruris cerebri T o€ AN e
fissura orbitalis superior AN Y
anulus tendineus communis Cere

\

T, L ol "

bral pedunde — B

of mesencephalon Oculomotor nerve
Rrontngte: Superior Levator palpe- Superior
ST e SR, W - Trochlear nerve > Vﬁc;"al
2 g oculomator
' . Lacimino Nucleus of -'-""""/ oy nucleus
- —8 i e . ’ , Frontal nerve trochlear nerve w
3 1 o SR gy, \ Nudeus of
s ‘_"4 4‘ , "7: .. 23 ( - = ’
) b # g 3 -
U ’ !

~

Trochlear nerve

Wi = oculomotor
Superior Q nerve
oblique
optic Abducent nerve
Medial Nucleus of
rectus abducent nerve

Medulla
oblongata
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% Oculomotor nerve , n. oculomotorius

ramus superior:

v" m. rectus superior

v"m. levator palpebrae superioris
ramus inferior — motor fibers:

v" mm. rectus inferior et medialis
v" m. obliquus inferior

radix oculomotoria parasympathica

(ramus ad ganglion ciliare) —
autonomic fibers from ramus inferior

ganglion ciliare — nn.ciliares breves

v" m. ciliaris

v"m. sphincter pupillae |
in injury = divergent strabismus.......~

MNobody loves you
whien you're down [ —

M. mcius iaseeais

Prof. Dr. Nikolai Lazarov ~ NB: Modern Latin, from Greek strabismos; squint-eyed — 24



Trochlear nerve, n. trochlearis

= |V cranial nerve — motor (optomotor) nerve Superior opique muscle

= nucleus — upper part of the inferior colliculus: a /
o
=

v" nucleus nervi troclearis ==

= dorsal emergence — below the inferior colliculus ~ Trochtear

Nocleoy Blorisedil — -
A oCEkroion

= trochlear decussation S =
ICH M nra'w Y .: ._'l: .':.. / i 4 ; ﬂ_ ! & l,;_l -_ ‘- -_' E:}‘"ﬂcmhm Muciaus nen frochisarny — — % = Mistisus messccapfnicun reryl irgemin
m:ﬂnul gﬂ:ﬂﬁﬂf:.::lfrl Brachium of Brachium of
fasciculus mi"cu[us Pineal superior colliculus inferior colliculus

Brachium Quadrigeminal
conjunctivum  plate, inferior
colliculus

Pontocerebellc
Superior

T:-]dnm medullary velum
Pantine Trochlear nerve
nuclei Superior
Brachium cerebellar Trigeminal
pontis Corticospinal, peduncle i

corticopontine
corticobulbar
roct Rhomboid

Medial
eminence

fossa
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Trochlear nerve, n. trochlearis

M. levator palgebrae superons

fissura orbitalis superior e,

N cpticus il ——

above anulus tendineus communis (Zinn)

M, rectus megalls ——

- cla
Cofluing ofmoidales - — Oz sphenoldala. Ala mejor

innervation;: R

#
M. rectus infariar -~

M. recius lataraks

/ i i " N oculometos I A, Inforiar
m. obliquus superior ;
M. supraoodals Pasiornin <
™ . infracroitiis
N, supnirochipans & ] ¥ - ot :_ " Fars oiotis

In injury = torsional diplopia s

-, = @ M. nechos supeion

R. meningeus ankerion

--.HE
i

A Ethimdecile aihidd § - . = @A lapmalis

M ot sEparion & -

M rakocibasin - — @ N, Inemmils

A opfthaimica @ —— ¥ » bl rootus istemts

N, lrertiile & ——
= & N, abducens VI
N, rochiaaris |IV] @

M. pphiaimcusg [V Ne -
| - o N madtass [vi2]
i

Canalis oplicug — = = - "

A cgpithalmich @ — =

| - P it (V2]
H. meninigeus

— @A mennges media

A, Carold inlEma @ ——

- Pl'i rmangtitlams V03],
L memngeu
W ceciomrsonu 1) & - — SR 0

= & M. mandbuads [V
8. rochimants (V] & ==

N, sboucens Wi & —=— E T = Gargon Figeminale

R forvignia & =
~ @ N wigamina [V]
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Abducent nerve

VIt cranial nerve —
motor (optomotor) nerve

* nucleus - in pons (fossa rhomb0|ea)
beneath the colliculus facialis: I
v nucleus nervi abducentis -{ (R e e

n. abducens

M, ingemimeg [W] ——=

= emergence between the pons "

= == (Motiiud pantinug oo e irgomini®)

— e Wbk Alea abducerds

and the medullar pyramld S——

Prof. Dr. Nikolai Lazarov 27



Abducent nerve, n. abducens

through anulus
tendineus communis

Innervation:
v m. rectus lateralis

in injury = N
convergent strabismus j?- AN

Lateral rectus muscle

dbducens
nerve

Prof. Dr. Nikolai Lazarov 28



e Trigeminal nerve,

=Vt cranial nerve - the largest cranial nerve

= Mixed nerve:

v sensory — sensory innervation
of orofacial region

v" motor (n. mandibularis) —
supply of masticatory muscles

= Formation:

v" larger sensory root, radix sensoria (major)
v smaller motor root, radix motoria (minor)

Emergence - at the level of the pons

n. trigeminus

/ i} \
(-r-\_l-x‘:

&
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Trigeminal nuclear complex

Three sensory nuclei — in the brainstem:

v" main (principal) sensory nucleus — pontine

v" spinal trigeminal nucleus mesencephalic nucleus

v" mesencephalic nucleus

trigeminal nerve

Motor nucleus —in the pons: ™ |

v" motor trigeminal nucleus

) r"[—

rrrrrrrrrrrrr

Copyright 18897 The Anatomy Project
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@ Trigeminal ganglion, ganglion trigeminale

v ganglion trigeminale,
(semilunare, Gasseri)

sonagn Larenzz ¥ IMPressio trigeminalis
1723-1765 : : N —
v cavum trigeminale (Meckeli) s

v pseudounlpolar neurons

N maxillaria

' —
DA mater cramigly ~ . _ i = /
. v ) _— ———

N maillanis [W2] —— =

“---_-'-'ﬂ"""1 ?&( ‘- 7 ,d\
a‘h.h:’;@ l’ﬂ\i"”g-—ﬂn 44‘--1

1l_l ra Furiar cranisis

Y [Cotmrn trigaminalie
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Trigeminal nerve, n. trigeminus
= Major branches: TRIGEMINAL NERVE

v ophthalmic nerve — pure sensory
n. ophthalmicus

Ophthalmic (V1)
Sensory

: Maxillary (V2)
Sensory, Autonomic

v" maxillary nerve — pure sensory
n. maxillaris

Mandibular (V3)
Motor, Sensory,
Proprioceptive,
Parasympathetic

v" mandibular nerve — mixed, motor&sensory
n. mandibularis

"% N.ophthalmicus [V/1]

= ___N.maxillaris [V/2]

. _N. mandibularis [V/3]

~ _ _ _Plexus cervicalis

_ sensible Innervation von lateral
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Trigeminal neuralgia

"The Suicide Disease" or tic douloureux
(also known as prosopalgia)

v key trigger points
v trigeminal nerve block

-

//__—_*_\"\_ 2

- - B Lo A
Trigeminal Neua@lgia:
Sudden, stabbing, shocking facial pain

- adiokrequency Needle I that seems to come from nowhere.
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Facial nerve , n. facialis

mixed nerve: motor root = facial (mimic) muscles,
sensory and parasympathetic root = glands
(nervus intermedius) = tongue and soft palate

motor nucleus — in pons at the level of facial colliculus:
v" facial nucleus

parasympathetic nucleus:
v' superior salivatory nucleus, incl. nucl. lacrimalis
sensory nucleus — common nucleus with nn. IX and X:

v' solitary tract nucleus

Abducent Intemal genu
of faclal nerve
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Facial nerve , n. facialis

emergence — between the olive and
Inferior cerebellar peduncle

course into meatus acusticus internus
= pbranch off n. intermedius (somatosensory)

genicular ganglion (ganglion geniculatum)
branches inside the internal acoustic meatus

In the facial canal:
v' n. petrosus major = ganglion pterygopalatinum
v' n. stapedius = m. stapedius

v chorda tympani = n. lingualis = ganglion submandlbulare

Pars motoria

Motor

Genicular ganglion of facial nerve 77 /
Greater petrosal nerve ﬁ/‘\/

Nerve of
3 pterygoid canal |

" Interna fcarotd’

Deep petro salner %-‘\W—

(S
= -\

o, 2 e 1 Syt
g | X

Lesser petrosal nerv:

Otic ganghion

1
Nerve to medial pterygoid —_

Antertor division of _—
mandibular nerve

5
Inferior alveolar nerve”

temporal nerve

Lingual nerve =

Prof. Dr. Nikolai Lazarov

Facial
nerve
{CN VII)

Intermediate
nerve

Intermedius

Geniculate
ganglion
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Nerve branches outside skull

. . . Ganglion  Plexus
= at exit of stylomastoid foramen: e genicull  tympanicus
v" n. auricularis posterior SN ' Cellulae
N, il [Vil] ~— -_::aam El:u:.llc.uﬁmlhrnua maSt(-:‘ld.eaE
v" r. digastricus = r. communicans " - Chorda i
10SSOPhAIYNGes  —ome (oo ompan SO oamen
m nerv rvn Canatis narvi faclalis — == N linguals N. gl 3 q : -
Cu e O g OSSOp a y geo anms.nstﬂﬂmasmheum . pgh::;ﬁ_\/ ',\ 3 .. e ideumn
v ' L W 9‘-‘”54"‘-! /Iy — PIOC. asSto-
r. stylohyoideus . o ?l W R | e i et
. . . o 5 E;‘:"‘;‘a"‘immm e hyoideus M. digastricus,
= on the face — plexus intraparotideus: N.facialis,  N.facialis, Venter posterior

v
v

b R.stylohyoideus  R.digastricus

temporal branches, rr. temporales

zygomatic branches, rr. zygomatici

buccal branches, /°
Ir. buccales

marginal

mandibular,
r. marginalis 4
mandibulae

cervical,
r. colli
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. Facial (Bell 's) palsy
v

motor innervation of the face
v sensory innervation of the anterior % of the tongue

v paralysis of cranial nerve VII resulting in inability to
control facial muscles on the affected side
£F%7

_ A

=2
\

- I psilateral
S upper and lower
. facial asymmetry.

I‘.l
Faclal nerve nudeus ! \
[ ;,-' \
L, i) j'LILl i
) { : v
4 .@uﬁ- /-:
i ¥ B o
\ P " Aol
N g )
N ¥ & X
N /}{:E' | 8 I
o G
A e r_.__j':
|II \i;h*-i—;_?.‘-ﬂf |
T ==kl | TR
Lesions tupicallyat WI'DT_;fL-_Hr;ig
or beyand stylomastoid T >, 1
foramen T _l,-'.-'
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Vestibulocochlear nerve

specific sense of sound and equilibrium (balance):

v vestibular nerve (upper root) m‘é i
r J' .-'-‘F""'-r
v cochlear nerve (lower root) '. =
vestibular nerve: _ ¢

e

v' Scarpa’s ganglion (ganglion vestibulare) — superior&inferio
v peripherally = receptor cells of the maculae and cristae
v centrally = vestibular nuclei in the brainstem

Flocculus of
cerebellum

Direct fibers
to cerebellum

Superior
vestibular

Vestibulo- nucleus Dorsal cochlear ~ Vestibular
cochlear nerve i
Vestibular Medial
root o - vestibular
L nucleus Superior division of cochl]ea.r
Vestibular - - i vestibular nerve nucel
ganglion oy : Lateral Inferior division of
r A vestibular vestibular nerve Brain stem
2 f e nucleus

Semi- i Inferior

circular vestibular

canals nucleus

Cochlear nerve ‘ ———=
Scarpa's ganglion ? e e
_ Facial nerve
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Vestibulocochlear nerve

» specific sense of sound and equilibrium (balance): (¥ S B
v vestibular nerve (upper root) f |
v cochlear nerve (lower root)

= cochlear nerve;:

[

v spiral ganglion (ganglion cochleare) — bipolar neurons
v peripherally = hair cells of the organ of Corti
v centrally = cochlear nuclei in the brainstem

Anterior £ i
cochlear nucleus :
Posterior v
cochlear nucleus &
4 ‘[‘ i

Greater Geniculate
petrosal nerve ganglion

Facial nerve

ampullary nerve g’
/ g Cochlear root Nervus
A intermedius

Lateral
ampullary nerve

Vestibular ganglion,
inferior part

Vestibular ganglion, i /7
Tpsriel put /’f ; ﬁ Transverse crest
Anterior A yl_ Vestibular root
t..‘

Saccular nerve

Internal
carotid artery

Spiral ganglia

Cochlear
root

Vestibulo-

: cochlear nerve
Cochlea with

= a Cochlear nerve
spiral ganglia

Vestibular Saceulo- Utriculo- Posterior
nerve pullary nerve llary nerve pullary nerve
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Glossopharyngeal nerve

the olive and inferior cerebellar peduncle

Traclus |
- clfactorius® "5,
5

3 M. opticus {Il] ~ Corpus

N, oculomatorius [I] ~
-

N, trochlearls [IV] ~._ | 8

. wigeminus [V] —~___ 1"

.' -
N. abducens [VI] ——-}E 7

M. taclalis (Vi) —— " &

N, vestibulocachiearis (Vill] ~~ L
N, glessopharyngeus [1X] -7

-~ E S

-~

N.vagus [X] 7 ! = =
V. I

Fd
N, accassarius (X1 7 N. hypoglossus [XI] I ! sutcus anteralateralis

Prof. Dr. Nikolai Lazarov

mixed branchiomeric nerve — motor, somatosensory,
special visceral afferent and parasympathetic fibers

site of emergence — 3-4 rootlets in the groove betwe

?sus_ . ] U ~ Pedunculus
iandula pituitania] » mamilane 5 carnabri
/

— . _.— N.ophthaimicus [V/1]

g — — N. maxlaris [V/2]
=————— N, mandibularis [V/3]

= —— — Pong

" F s
™~ Qliva

Glossopharyngeal nerve (IX)

Inferior aspect of brain

en

A (s

Glossopharyngeal '
{IX) nerve



N. petrosus superficialis major

L Glossopharyngeal nerve branches

muscular branches = stylopharyngeal Brm—— T

M. tensor tympani

Ggl. semilunare Gel. geniculi

sensory branches:
v tympanic nerve = plexus tympanicus

carotid sinus nerve
pharyngeal branches
tonsillar branches $
lingual branches — posterior 3 i
(postsulcal) part of tongue

parasympathetic (secretomotor) branches:

v lesser petrosal nerve = otic ganglion =
auriculotemporal nerve = parotid gland

Tympanic nerve

Chorda tympani

AN NI NN

£

Tubarian Carotico-
branch tympanic nerve

Trigeminal nerve

Lesser petrosal
nerve

Glossopharyngeal
nerve

Mandibular
division

Tympanic

plexus P
Lesser petrosal \

nerve

Auriculo-
temporal nerve

Otic i
Parotid gland ganglion c;:;t:::
Tympanic
canaliculus with
tympanic nerve
Postganglionic parasym-
pathetic fibers (run a short
distance with the
auriculotemporal nerve)

Superior
ganglion

Glossopharyngeal Inferior Tympanic
nerve ganglion plexus

. glossopharyngicus

R. biventricus
R. stylohyoideus

R. communicans n. facialis
¢. n. glossopharyngico

M stylopharyngicus

Pharyngeal
plexus

Chorda
tympani

. petrosus superficialls —_
N. retroauricu- minor
laris

N. glossopharyngicus

Gal. gente
. petrosus superficialis min

R. tubae pharyngo- __
tympanicac
Nn. caroticotympanicl -

‘Plexus caroticus fnt. == [[-------—

R. stylopharyngicus -

Rr. tonsillares

&/~ . tympunicus
/ Galinferius Ggl. superius

Superior
ganglion

Inferior
ganglion

Glossopharyngeal nerve
Vagus nerve

Branch to stylo-
pharyngeus muscle

Glossopharyngeal nerve,
branch to carotid sinus

7 N Glossopharyngeal nerve,

Nharyngeal branches

Vagus nerve, branch
to carotid sinus

Vagus nerve,
pharyngeal branches

Carotid
sinus

Prof. Dr. Nikolai Lazarov
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Vagus nerve, n.vagus

= mixed (pneumogastric) nerve — motor, somatosensory, Vagus nerve (X)
special visceral afferent and parasympathetic fibers

= emergence — below the n. IX; with 8-10 rootlets in posterolateral
sulcus between the olive and inferior cerebellar peduncle

= |eaves the cranial cavity through the jugular foramen

el O
TN
A RE

3 N. opticus [Il] ~ Tractus ?sus_ ) » Corpus .~ Pedunculus
e cliactorius™ & pituitaria] » mamilane 5 carnabri
by ,

N, oculomatarius [il it .
" i 8. .- N.ophthalmicus [V/1]

N trochiearis [Vl ~._ [l SEl S R ST ’ 0 - | S — Nmaxdllars (V2]
. wigeminus [V] —~___ I i (e 1 _I i - & = —=—— N.mandibulasis [V/3]

iH | = = — — Pons
N. abducens [VI] ——-}E - il

M. taclalis (Vi) —— " & - ; “w == — — — Cerebellum, Fleccuius
T ] iy

N, vestibulocachlearis Vill] =~
N, glessopharyngeus [1X] -7

s
-~

N.vagus [X] 7 —— L7 = V-
e > Qliva

Fd
N, accassarius (X1 7 N. hypoglossus [XII] I ! sutcus anteralateralis
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24 Nuclei and parts of the vagus nerve

= nuclei —in the medulla oblongata: 1 758
v motor — nucleus ambiguus (common with nn. IX and XI) 4\

Az Sup. Salivatory nudeus

I Int. Salivat el
Tasie 7.9, and 10 Salvalory nucleun

v’ sensory — solitary tract nucleus (common with VIl and IX) " Gsssmm

v parasympathetic — dorsal vagal nucleus s e J
Nucleus of the nucleus
= in foramen jugulare: ppee 55

Nucleus of the

v" superior (jugular) ganglion solitary tract,

inferior part

v"inferior (nodose) ganglion — C2-C3
" parts : Auericnlar
v' cranio-cervical v

Spinal nucleus of
trigeminal nerve

Nucleus
ambiguus

Dorsal vagal

nucleus

‘/ thOFaCIC o“oﬂ"ﬂwuwﬂ{ = Nucleus ambiguus
A0

Nucleus of the

solitary tract (area
for qustatory fibers)

&
v abdominal *

Nucleus of
the solitary tract

Superior ganglion 7
of vagus nerve \ 74

Inferior ganglion —______ /'_,

Vagus Nerve of vagus nerve 1/,
Innervation Pha ’
alitl ryngeal 7 |
o branch — 7 _jl  Juguar
3. Righi Lung 3
S Superior "
7 Sten laryngeal nerve
8 Pancreas
o : Spinal nucleus
Lage

of trigeminal nerve
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L Accessory nerve, n. accessorius

purely motor nerve — controls specific muscles of the neck

origin:

Accessory nerve (XI)

. Inferior aspect of brain I'& Cranial root of
v cranial root — smaller, part of the vagus nerve S — accessory nerve
(pars vagalis) F - 5 sier
v spinal root — pars spinalis = spinal accessory nerve (oY o Spinal root of

nuclei — in the medulla and spinal
v nucleus ambiguus (common with

v" spinal nucleus — in the upper spinal cord (C1-C5) ', ,
I

\.
N
Jugular
foramen

'-'.,‘;'&l § ACCESSOry nerve

cord:
nn. IX and X)

il \
)\ /
= V=

" e
2 A

=5 Accessory
B %'a_r'f (Xl) nerve

POSTERIOR

P —-
1

astoid

Traditional "cranial root
of CN XI"—part of CN X

Vg ners Vagus nerve (CN X)
Cortico- Jugular foramen
bulbar Internal branch of
fibers - recurrent laryngeal Foramen magnum
nerve to laryngeal
Nucleus ) muscles Spinal accessory nerve
ambiguus { () / (CN XI1)
\ 3 )
\ ) Posterior rootlets = . .
Foramen Cranial RS N Accessory of C3 and C4 t Sternocleidomastoid
magnum iy root \ Ay nerve, external
1 : nknal Granch Branches of cervical plexus
VIR : g:lla (02—94) bringing sensory fibers
1= _ to spinal accessory nerve
vV A ~———— Sternocleido-
Spinal nucleus of AL . \ mastoid .
accessory nerve VAR e Trapezius
|7 o o Trapezius
g
st
1 | :

Prof. Dr. Nikolai Lazarov

Posterior view
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L Accessory nerve, n. accessorius

= two parts join in foramen jugulare

Nucleus ambiguus Cranial st o1 Accesary Aene (oins wagUS nefe

/ trU nCUS n e rVi accessori | Viagus neme (X) and via recurent laringeal nene suppliss muscles of

laryni, excapt enicothyrald)

Spindl roak of

JECERIONY Refie Jugular foraman

= pranches:

v internal ramus = n. vagus
= n. laryngeus recurrens

v' external ramus — motor supply:
» m. sternocleidomastoideus
» m. trapezius [ y

&
o
'

nnnnnn

Superior ganglion
of wAQUuE Nerde

Accessory nens (X0 "
Irtamnal Branch of acoascary netug

Infarior ganglion of vagus nerve

ﬁ'l;ﬂi ) ——
‘1.. J—— -

L gpinal nene

CZ spinal nemé

External branch of Jecesan nemve
e Aemaclaidomanald
and trapazivs museles)

hi
M

LIV

N

Stemoclaidomasiold muscle (out)

C3 spinal narve

Radices craniales — __ /
F=

Truncus nervi accessorii ———

Caapinadl harra

—— N. vagus [X]

-] - ia

Trap&zius mussie

=~ R. internus

LS
AN

Radices spinales ——— %
N ™ R. externus
B
™ Foramen Jugulare

Rr. musculares ————

dm_\_ _

Py Hp e

[y :
{4 {i i . i
"r JW g Eteient iber

- & Froprioceplive fibers
- T .
B

|

" Recant evidence suggesis that the accesory nefue 130E 3 cranial root and has ne
connaction to the vagus nerve. Vetificabion of this finding swaits further invesligation.
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Hypoglossal nerve , n. hypoglossus

= purely motor nerve — motor nerve of the tongue e
= emergence — with 10-15 rootlets in anterolateral sulcus . |
= nucleus —in hypoglossal triangle of the fourth ventricle:
v hypoglossal nucleus — 2 cm long
= |eaves cranium through canalis nervi hypoglossi

(| 2

Thyrohyoid muscle

Omahyoid muscle
(superior belly)

U
Stamahysid muscls S
Stemothyroid mussle % 'ﬂfg

Omahyoid muscle (inferior belly)

Hypoglossal trigone
(in rhomboid fossa)

Hypoglossal s
nerve = Nucleus of
-~ the hypo-
\ //;" glossal nerve
7
/
i) Foramen
magnum
—

Olive
Nucleus of the Canal of hypo-

. - —— ' ' a hypoglossal nerve glossal nerve b C1 spinal nerve
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o Hypoglossal nerve , n. hypoglossus

= Dbranches: L e
v meningeal branch N :
v descending branch (radix superior ansae cervicalis) .

N. hypoglossus [XIl] © ~_ Blg

v" muscular branches to thyrohyoid&geniohyoid

N. accessorius (XI] © — _

") N.mylohyoideus
~ ® M. mylohyoideus

_~ ® M.digastricus,
Venter anterior

7~ & M. hyoglossus

/ | i n g u aI b ran C h eS to : Precentral Al.ef:: andright I Pa‘l'alyl'zed N pp——— i N 7 7 S
gyrus genioglossus muscles genioglossus i ¥ e \
» styloglossus oL 4 ) / | W .
» hyoglossus & T e \\\ l // 4 \‘ 1// W
F > ‘:!,t ﬁ t‘;\v 3 ‘ M. stemacleidomastoideus @ //

> genioglossus ; LR R
S 7~ \ﬁ,’};

_ii == @ A lingualis

N.vagus[X] © —

Sl e
& M. digastricus, Tendo intermedius.

~
™ 0s hyoideum

\ N,
oA thyroidea N g A | N s
(i ® © A laryngea superior; N. laryngeus superior

S -

To Dura mater

& Moafin . N
To " To Gangl of vagy Cortico- Tongue
bulbar Styloglossus
= Hypoglossal e,
¥ e h fibers muscle ¥
I

Branch from first cervical
to hypogic

—.— QOliva
—— Sulcus anterolateralis

— Canalis nervi hypoglossi

5. TO MUSCLES
- OF TONGUE

= N. hypoglossus [XII]

Nucleus of
Tp Lingual nerve  the hypoglossal
D10 GEMIOHYOIDEUS nerve Canal for Hypoglossal Genioglossus muscle
2 . hypoglossal nerve J
TO THYREQHYGIDEUS nerve ' Hypoglossus
&, / muscle
TO SUPERICR BELLY OF OMOHYOIDEUS
/ v Radix inferior ——
¥ 7o sTeRnonvoIDEUS &, {Plexus cervicalis) \ )
TO STERNOTHYREOIDELS a h ! \ : l
TO INFERIOR BELLY OF OMOHYOIDEUS 2 .:-..4\/ i
Ansa cervicalis —— ”{ : Ar. linguales
\ R. thyrohyoideus
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% Definition and nomenclature

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:

v' viscera

v' glands
v" blood vessels

v nonstriated (smooth and cardiac) muscles

synonyms: visceral (vegetative) nervous system

main function — control system to maintain life:

v" regulation and control of visceral functions

» reproduction

» vital body processes — circulation, digestion,
secretion and excretion etc.
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Main subdivisions

= tripartite integrated system
(Langley, 1921):

v sympathetic nervous system

v’ parasympathetic nervous system

nervous system

v enteric nervous system (ENS)M

111111

mmmmmmmmmmmmmmmmmm

.............

LONGITUDIMAL MUSCLE

IMTERMUSCULAR COMMECTIVE AND ELASTIC TISSUE
CIRCHILAR MUSCLE

AUERBACH'S FLEXUS iwvEnEERE)

MEISSHER'S PLEXUS (luimitodan
SUBMUCOSA

[MTRIMSIC
MERVE SUPPLY : Partsofthe colon,
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% Structural and neurochemical differences

= Sympathetic nervous system: F e

Somatic motor Sympathetic Parasympathetic

v equal pre- and postganglionic fibers

Preganglionic

v autonomic ganglia proximally located (@ i
v" preganglionic fibers — cholinergic (ACh) ™ i

(parasympathetic)
ganglion

motor
fiber

v" postganglionic fibers — adrenergic (A, NA)

Postganglionic
fibers

= Parasympathetic nervous system: o
. . . Sympathikus Parasympathikus
v" longer pre- vs. postganglionic fibers B
v autonomic ganglia located nearby targets praganionir
or within their walls (intramural ganglia) ™ ewie 8 o
parasympathisches
Acetylcholin ’ Ganglion

v" preganglionic fibers — cholinergic (ACh)

postgangliondre

v" postganglionic fibers — cholinergic (ACh) \f,‘ f./

;
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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

THe AuTavomc NeErvoUS SysTes

n Sym path etl C reaCtI O n S : The parasympathatic narvous system, which regulates day-to-day internal processes and

. behaviar, is shown on the left. The sympathetic nervous systam, which regulates internal
v/ mass responses — catabolic sttt el ot i b b A oo i
or make connections with ganglia, specislized clusters of neuron chains,
v mobilize body energies
in stressful situations,

Parasyrmpathetic Syrmpatnelic

preparing us for fight, ﬂlght or frlght i

I'arasympaﬂlei]l:
s Inhding galivat o,

J™%: Dilates Increages g increBsas

= pupil sefivataon ~ I sweating
h i
| |
: sl ] - ih
Stimulat es Inhibits flow i 0 ;
flow of salivag Jof saliva 5 / Wi ) Arvelerates buart
Slones far oy 5 v
- A (
Slows ] |4 e Diaes Broncka
heartbeat A = e
= Comstizts ooonghs '; : / ; ]
T— i el
C i i ¥ A Carcrisaues
onstricts o e | cligestive
bronc hi M 0 = F B funcuons ol
i .-r.'. =" swamach
ntreasas B i
. Inhibits digesinee Vil Ll
Slll'!'ll.llﬂll_ES peristalsis Turciions of o ¢ - f‘ll*!’;'l!!e::!t
peristalsis arid s ecretioh SLamBen | auraralin
and secretion | == . {
1l

digeaie
functions of
Irtestine

Stimulates
release of bile furslians o
i — Secretion of INIeeTne
‘| adrenaline an

==~ noradrenaline

==
Conversion
of glycogen Inereasas s
T to glucose digeative o
i 2 " FRBEERI

Contracts (T ) Inhibits - b, P s s
bladder ™ ? | ot s bledder $ 8  eontren
sympathetic contraction / oo |1r HE

NB: antagonistic actions of both components
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Parasympathetic nervous system

= craniosacral division:

= v cranial region:

> cranial nerves
11, VII, IX, X
i

v' sacral region:

sublingual gland

Eye (Iris, ciliary muscle)

Hypothalamus

Glands:

1 Lacrimal

2 Masal, palatine,
and pharyngeal

3 Parotid

4 Sublingual

5 Submandibular

Vi

A
< Ofic ganglion
Ny e 92ng

Ganglion within
or cioge toorgan -

N\

[ > spinal cord segments

Parotid gland

- s Lachrymd glands
Brain ] ' % ¥

Stem | Tl e '3 1
Cervical \$ Sla'“'::'sy ?
< s an n
region 5 ’ Y ?
c
Sacral outl a
acral outflow r
(segments S2-54) Lrw’lea ;
Thoracic Luriers
region Descending
colon
/ Pancreas
——
Bladder — Kldnws <
i g Rectum
Lumbar . Small & Large
1 L 2% N = -
) region B intestines . ¥
Rectum v Sa;]ral pa‘rasyr?v)?alhetic i o
i outflow (via pelvic
- General plan of the parasympathetic system. Urinary hladder splanchr('lic n‘;erves) ,"
Ganglionic neurons and postganglionic fibers are shown in Sacral b o — 1 <
red. CG, ciliary ganglion; HG, heart ganglia; IG, intramural g L . ; d 1 Gonad Clitoris 3
ganglia; MG, myenteric ganglia; OG, optic ganglion; PtG, region f 'I; onans i
pterygopalatine ganglion; 5G, submandibular ganglion. 3 )

—_ . Genitaia - —
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Cranial division

iy, \ Cranial  Site of Preganglionic Postganglionic
Nerve Nucleus Nucleus Nucleus Effector/Function
1 Midbrain Edinger-Westphal Ciliary ganglion Pupilloconstrictor
Visceral oculomotor nUCIEUS I'I"II...ISCIE Of iriS
(Edinger-Westphal) e
nucleus P Ciliary muscle
gndlen - {1 Pons Superior salivatory  Submandibular Sublingual and subman-
. - nucleus ganglion dibular salivary glands
Superor A H
i : gangion Pterygopalatine Tear glands and glands
i ganglion of the nasal mucosa
salivatory r . . . . -
nucius /f < i T Medulla Inferior salivatory Otic ganglion Parotid gland
Do / oblongata  nucleus
nudess e 3 X Medulla Dorsal motor Cardiac ganglion  S-A and A-V nodes
ganglis oblongata 3:;:1?“5 of the Plexuses Wall of pulmonary tree

Sphincter muscle
of pupil

= W\ Dilator muscle
il

Stroma of iris

Sphincter muscle /3
of pupil

of pupil

Pigment epithelium

Prof. Dr. Nikolai Lazarov

Midorain Smooth muscles and

glands of gastrointestinal
Pl /To constrictor of tract to the Splenlc
—pupil and ciliary muscle ﬂe}(ure Of lhe {:OIOH

Kidney

From diencephalon

CG

Pretectal nucleus

Oculomotor nerve,

Giliary ganglion
Internal carotid artery

PtG To lacrimal and

l I nasal glands

To submandibular
and sublingual
glands

Parasympathetic nerve
Sympathetic nerve

Superior cervical ganglion

SG
To parotid
gland

To gastrointestinal
tract

Medulla

CG
To heart
oblongata .

IG 1o bronchi

53

Cranial parasympathetic system. DNX, dorsal
nucleus of vagus; E-W, Edinger-Westphal nucleus.




Sacral division

Preganglionic Postganglionic Eifect of
Organ MNeuron Level Neuron Site Stimulation
\H—F—— '| Distal colon 52-54 Intramural ganglion Enhanced peristalsis
t b, e | parasympathische 3 a
a ] ® Innervation an Kopf u H?mﬂu"lt Pr'Ea'ﬂ.l!u Sﬁlﬂlﬂn
Nludeus:lcrsalixl» I‘I',!||/= D'EfE'Eﬂlilﬂn
nendvegl L Inhibition of anal sphincter
Urinary bladder 52-54 Intramural ganglion Contraction of bladder wall
{vesical plexus)
Hypogastric plexus Inhibition of urethral sphincter
Cenitals 52-54 Hypogastric plexus Vasodilation, penile/clitoral
(pelvic plexus) erection
Descending
colon
[ ]
'.I--v,-_;-g .J S;r;-m parasympathetic )
Il'% Pa_"aﬁy';"pa;h?nc root, e :pla::;.'::.:‘r:npeawss} i g
i pelvic splanchnic nerves PEI'IES

T/ Nesplanchici 6» (:,"'-:
v petvici
vh

Clitoris g b g
U

¥
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Sympathetic nervous system
= thoracolumbar division — Th1-L2 segments:  swoeo

visceral structures,
blood vessels, sweat

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

Cephalic

arterial
branch
(to head)

Cardiopulmonary
splanchnic nerves

Larynx
Trachea
Bronchi
Sl Lungs

White ramus
COMMUNICans —j

Abdominopelvic (5 N Liver  Diaphragm

splanchnic nerves B Galtyacider

e ——

. ] ; . Grayrami | Dt =5 (. - 4 o e
» inferior mesenteric ganglion O e E‘; 9. | & ———3) P sorer
d ) anterior qnd posterior D=2 = . — Celiac ganglio ﬁj P
— ; A rami of all spinal J If o & sl T~ s ancreas
B /N nerves for distribution “ il - S . Spleen
— Elaehi Wt ={IRAY o bodywaisand | ST LS5 - =
| Ganglia /" Spinal Cordll ) limbs (vasomotion, “ =3~ )
[ 7 sudomotion, and . = ‘k%’_ i - Aorisdlrorsnai
Esophag Ly ilomaotion), =2 L (% ganglion
T Sympathetic| wkomigtion] N [ i 9
_________ Suilc Chain '\ | ; L - (3 Ll Large intestine
------------ I & L4 9 Superior™ M Small intestine
f 2 P e =t i mesenteric Kidney
e - e ) T ganglion W Suprarenal (adrenal) gland
; ) SemT a"l"""’hrﬂc s1 Rectum
___7--—-——-:?1 - s2 Inferior Internal anal sphincter
e e e 53 mesenteric
i 2o e anglion
Inferior :’“ L
Mesenteric B =
o - Bladder S ~
Penis (¢litoris) ~—
Gonad
Large e |
lgstne *" POST-GANGLIONIC PRE-GANGLIONIC |
FIBERS FIBERS/' /

= (Nordadrenaline) —_____(Acetylcholine)
Rectum e
Anus
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L 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 XIlI

v lumbar part — 3-4 segmentally arranged ganglia
» 4 lumbar splanchnic nerves

v" sacral (pelvic) part — 4-5 segmentally arranged ganglia=|

» sacral splanchnic nerves

v terminal ganglion impar — anterior to the coccyx

Prof. Dr. Nikolai Lazarov




28 Prevertebral sympathetic ganglia

Sympathetic Trunk

Posisy o iie
Syniratheti
" Neurans
Presynaptic Sympathetic Neurons
Celine Ganglion Stomach
Greater Thorscic
Splanchaig M

celiac ganglion (semilunar or solar ganglia ):
v' largest ganglion in the ANS /
v postganglionic sympathetic neurons Whit Rani

Commumican tes

v' paired, with variable position:
» upper part joined with greater splanchnic nerve
> lower part receives lesser splanchnic nerve = renal plexus \ s

aorticorenal ganglion

v lower part of celiac ganglion = kidney, ureters
phrenic ganglion

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 , i | .
inferior mesenteric ganglion \ | B N

v several small bodies ‘
v" close to the origin of the inferior mesenteric artery
v innervate part of the large intestine

-

> Liver, Gall Blabiler, Bile Docts
— Pasiereas

—— Suprarcnal Gland

Avorticorenal Ganglion

______

Inferior Mesenteric Ganglion
g o Rettum, Bladder, Prostate,
- External Genitalia
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Enteric nervous system

= embedded Iin the walls of

o S the:
aaaaa [ v esophagus
- Y o 4 v stomach
\..‘-':" Mucosa / Sma” intestine
. E—— v’ colon

.". ~_ {Meissner's) plexus ]

lf Y ... " triggered to act when the walls
b | of the hollow organs are
A v - 4 stretched by food

This local nervous syst, referred to as intrinsic or
enteric nervous system (ENS), functions

iIndependently of the CNS and is influenced by the
ANS in a limited way.

It controls the motility, exocrine and endocrine
secretions, local blood flow, and also modulates

Immune and inflammatory processes of Gl tract.
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Enteric nervous system

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

LONGITUDINAL

muscle
Gerea SERﬂﬁlt g " : ;$
uselaris extema MYENTERIC _':ﬁ"* - ) -
o -
plexus s o o oo £ 2
el dnferne o s o . DY 7
SUBMUCOSAL /4" " » . - 0 i o ¥
lexus e | e
Siltucoss Y &a TR iy
# . -
GASARARARCRERN A
Ll &, e, 0% e o a0
MUCOSA

Enteric or Intrinsic Nervous System

N Myenteric plexus

Activation of MYENTERIC PLEXUS Activation of SUBMUCOSAL PLEXUS
suhmumus |-EK|.I5 * jncrease lonlc contraction * jncrease sacretory activity
F * increase intensity of rythmic contractions * modulates intestinal absorbtion

* 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)
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. Autonomic transmitters and receptors

= Cholinergic transmission: T e
v release acetylcholine (ACh) l RN
v two types of acetylcholine receptors:
» nicotinic receptors (NAChR, also 1k
known as “ionotropic" receptors) 4 ) @
- == [
» muscarinic receptors (MAChR, also
known as “metabotropic” receptors) & D @)
Prejunctional Sympathetic }
= muscarinic -~ Target tissue
/" Adrenergic . receplor /Cholinergic ™.
— |/ a S {(j&}
|'. (!,-‘I— e “:_\_HACH Parasympathetic
\ l"l‘ ., / --_\. ,."I |
s Postjunctional ~=
muscarinic
— receptor
_
p
./ _ —\1— Target cell @
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. Cholinergic drug effects

Cholinergic drugs
Pupidlary ) Gastric secretion
constriction Salivation Constriction Slowing increased
Mear vision Secretion Colic

Ratention of urine

Prof. Dr. Nikolai Lazarov 61



= Adrenergic transmission:
v’ release noradrenaline (norepinephrine)

v two types of adrenergic receptors:

» a-receptors = excitatory responses
 pharmacologically a,- and a,-receptors
» [B-receptors = cause inhibition
- pharmacologically 3,- and 3,-receptors

e e —

Norepinephrine —
r N, Fa
<_ Adrenergic ", /" Choli h:\

. Autonomic transmitters and receptors

Postsynaptic
nerve endings

\ \ Sympathetic
\ | Noradrenergic
\ o Q@ receptor (a2)
s choline epinephrine
H‘-h_h_., '._1____.‘ e .-"'f } 1 e
- : Muscarinergic v Noradrenergic
Epinephrine receptor (m) \@ @/ receptor(mg)
Inhibits Promotes
oy By B2 \ /

Target cell - Target
cell response

% Para-
".\ sympathetic |

o2 I"x,\ '."l* ), o
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Adrenergic nerve endings

Circular layer Myenteric plexus Submucous plexus
Serous
layer
Longitucinal
layer i
Somrntic mobor Eson Auionomic molor neurons iz - T /
S V% a

’ #

.A ; -' 1 : / /_
N =/
W, et

Medulla oblongata

fE——< T Sympathetic

@—<@-—-——-—-—-—r Parasympathetic

>—L< Visceral afferent
ilscerak tferort S———E>—— Intrinsic afferent
‘w—---------—-——-( Inhibitery neuron

Dorsal nucleus

@

Splanchnic ganglion

Parasympathetic
Mucous
membrane

Inferior ganglion of vagus

Intestinal glands

. ‘ in crypts of Muscularis
Lateral horn . y Labain mucosae
N | ?
Submucous
Cord layer
segments
T5-T11
I\ = Acatylcholing A = Micotinic muscle Tibers
Ad = Muscarinig \
et -
b = Nowwpinepining A& = Atpha (o) Posterior root ganglion
’ = Epinaphiing A - Bowa () Sympathetic chain 1 2 Circular layer of |
smooth muscle |
Thoracic splanchnic nerve — <> ; |
Longitudinal layer of
smooth muscle

Splanchnic ganglion cell

Exnitat

y neuron
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Enteric neurotransmitters
spectrum of neurotransmitters: Q

amines
v" acetylcholine — excitatory

v" noradrenaline — inhibitory G«Emmmus S >
(norepinephrine) /;“':3?%

v adrenaline (epinephrine) Y

v serotonin SUBMUCOSAL . :
(5'Hyd I'Oxytl"iptamine) PLEXUS ‘l
A }

amino acids
v GABA Gland

purines
\/ ATP ﬂ Willus cell

(goklet cell)
gaseous messengers S—
v/ nitric oxide preT

- most important - probably ACh The processinvolves a cascade of events -
- clear involverment of 3 NANC (non-adrenergic, non- involving muscarinic stimulation (ACh) and

/ Carbon monOXIde choliergic) neuratransmitier: subsequent release of NO

- Substance P
-WIP

NANC neurotransmitters “PY (reucpepte 1)

Contral {inputs) from extrinsic nervous sources
(not detailed here)

Results of intrinsic activation of blood vessels
contral resutts mainly in vasodilation.
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Is really there a brain in the gut?

= here are some reasons... Psychological Factors
Mood
" Stress Disturbances
W@W‘, ‘ ® Anxiety
® Depression
Dann Muss »Mindestens -
DADDY ein 100 Millionen
Nerven-
GEN|E Se‘“ zellen...« Central(lﬂ;rr::‘u)s System
Autonomic Nervous System
/
Enteric Nervous System
kﬁ
* [ntestines

« Smooth Muscle

“The fate of a nation has often depended on food f

or bad digestion of a vrime minister’
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. Is really there a brain in the gut?

Two brains are better than one,

especially if you are hungry!
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