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Anatomy of the Autonomic Nervous System
(Involuntary Nervous System or Visceral Nervous System)

e Definition: it is the involuntary nervous system which
supplies:
v/ Unstriated (smooth) muscles of the viscera and
blood vessels.

v/ Cardiac muscles.
v Glands.

* Structures of the Autonomlc Nervous System:
o leadkde chilndorion »ﬁl papily
v/ | Sympathetic nervous system (Thoraco-lumbar)
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Parts of the Autonomic Nervous System
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brain stem, thalamus, hypothalamus, insula and
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intermediolateral nucle1 of the spinal cord.
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2. Peripheral part: consists of: fben el gargyia

*Peripheral Sympathetic nervous system (SNS).

*Peripheral Parasympathetic nervous system (PSNS).
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The Origin of the Autonomic Nervous System
B O v oS ege | - L2

ﬁ"ﬂi}‘_“*’: .. The origin of the sympathetic nervous system (Thoraco-

' ' ' lesy inthe [eattva)
ka2 ¢4 lumbar nervous system): inYet mecliolayes\ nuClesi |
Vern RN ...
W\ WL Fween X\

ot anct pos- wConsists of fibers which arise from the 12 thoracic and upper
{l.
5 2 lumbar segments (Thoraco-lumbar part) and reach the
sympathetic chain by the white rami.
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s3-sy ¢ 2. The Origin of the parasympathetic nervous system

b ) et ok : :
f:,n)' sprq (Cranio-spinal nervous system):
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sz 2 AL g The cranial part: consists of fibers which pass in four
L e cranial nucliei —o At ovder nomcor A Crania) @t

cranial nerves (3, 7, 9 & 10 cranial nerves)=10973.
b. The sacral part: consists of fibers which arise from the

S2.\S3, and S4 segments of the spinal cord.
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—— Preganglionic neurons
—— Ganglionic neurons

Pterygopalatine ganglion
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Vagus nerve (X),
which provides
about 75 percent

of all parasympa-
thetic outflow

Cardiac plexus

Celiac plexus
Liver and
gallbladder

Stomach

Inferior mesenteric Spleen

Pl Pancreas
Hypogastric
plexus Large

intestine
Preganglionic

Small
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of the spinal cord, Rectum
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Urinary bladder



The Peripheral Autonomic Nervous System
L, neive or :
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*  Most of the visceral structures are supplied by two

systems (receive_sympathetic and parasympathet

in hea ¥ M heart ra¥c ‘?j S‘ymeq-\%\}\‘c -
nerves). Yheark rabe By para Symprivatic:

e The SNS supplies: @
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sase ovr- vy 1. |Skin of the body (its arterioles, sweat glands).
SNS C RS insF) . .
2. | Blood vessels|of the limbs (its smooth muscles).

3. | Deep viscera 5
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e The PSNSsupplies the|deep viscera only.

* Each of the two systems consists of@@
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1. First Order Neurone

* Itis formed by:

La'\ﬂC,NS E &foﬁh&}&h
Brain and - spiral cord

|. The nerve cells of certain nuclei in the brain stem.

2. Lateral horn cells (intermediolateral nuclei) of

and AHCs of

S2-S4

of the spinal cord
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*The axons of these cells carry stimuli to the autonomic
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reganglionic fibers which are white or

ganglia (called m
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Types of Autonomic Ganglia

 They are present outside the CNS and may be:

P———
T

|.Paravertebral ganglia@path@): as sympathetic

trunk (chain).

2.Collateral ganglia (Peripheral or@as

cWesenteric and inferior mesenteric ganglia.
3. Terminal ganglia@asympa@: they are present on

S

the walls of the viscera.




Notice that:

|. The sympathetic preganglionic fibers are short, while
the postganglionic fibers are long.

2. The parasympathetic preganglionic fibers are long, while
the postganglionic fibers are short.

3. The preganglionic fibers are white or myelinated.

4. The postganglionic fibers are gray or non-myelinated.



How are the Visceral Structures Supplied
by Autonomic (Motor) Fibers?

The autonomic supply to the visceral structures in two points:
1. Most of the visceral structures have two nerve supply: one
sympathetic and one parasympathetic. One of these
) & | L5 s ¢ nerves acts "SW" while the other acts "inhibitor".
Balan e~ 2. Each of sympathetic and parasympathetic NS is formed
of two neurons:
a. The body of the first neuron 1s found in the CNS
e and 1ts axon 1s called a preganglionic fiber.
> body of the second neuron 1s found in the

A PNS and its axon is called a postganglionic

fiber. . Yhe heavt (= ps N> (syiemaater )
T o GTT spvs L oinhibi %]



Transmitters of the Autonomic Nervous System

P Ath &= T )| 5y P Sepe 2L Sgef ey
1. The preganglionic transmitter: Cuicotinic Ach )

For sympathetic and parasympathetic preganglionic

transmitter 1s Acetylcholine. Cver
\ |Jo— &

2. The postganglionic transmittér:
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A.| All postganglionic fibers|of the|parasympathetig are

- ey muSclar junchow—s el
Acetylchohne.e_\ bt 4w Simadic —m mite¥inic Ack,

B. The majority of sympathetic postganglionic fibers are
sweu*b Qard 1 V5P ‘Epinephrine and/or Norepinephrine.

Gmpatkdic . C, The few which are known to be Acetylcholine (for
(e s adnj'." = e

_ . the sweat glands).
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CNS Chof 4 Effector organ
\ov\ﬂ Postganglionic
Pr lioni
Paras thetic @ — < 0—<
Nicotinic receptor
receptor (Ny)
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Sympathetic @ o < @ i <
JK Nicotinic Norepinep!lhej L a4, Oz, B1, P2
receptor (Ny) receptors

A symp) pu JLMWQM. inephrine
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to
= Aeyry MmusScy lay -

ntor nucleot in Brain e Tancion

“ Skeletal
I ( 0

G vereis no Gangva  Telosgrt @lwgindhe &/ v
FMmqlion . receptor (Nu)




Central
nervouf system

Peripheral nelrvous system

EffectorI organs
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HaGuk ’ Blood
system : W yacs

enal medu

Acetylcholine

Ganglion

Smooth
muscle
(e.g.,in
a blood
vessel)

— Glands

Cardiac
muscle

Key:

=== = Preganglionic axons
(sympathetic)

« = = = Postganglionic axons
(sympathetic)

“.=Myelination === = Preganglionic axons

(parasympathetic)

- » == Postganglionic axons

(parasympathetic)




Comparison of Autonomic and Somatic
Nervous System

tary regulauon X ngd”’

gnvolontary .,

Symp:
Sematic o, rel>)” Autonomic < pavs yop
Conscious or volun- Functions without conscious awareness

o‘—_‘,(,‘e}fu}»:éi

Fibers do not syn
after they leave the

CNS (single neuron
from CNS to effector

organ).{ se gorgia)

F'abers once at a ganglion after
they leave the CNS (m(»neuron chain).

Motor control.

Innervates skeletal
rauscle fibers, always

stimulatory
Jrhm'- 1S new muscylav ) une o

Innervates smooth muscle. cardiac mus-

cle, and glands;

inhibits

either siimulates or

btoocen A Mugel and Ll

redve:: Prclﬂ f\ICn‘\-\hrc
AT\

my be bloc kel .
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Comparison of Autonomic and Somatic Motor Systems

Cell bodies in central Neurotransmitter Effector
nervous system Peripheral nervous system ateffector  organs Effect
o g 5 Single neuron from CNS to effector organs v
3 | 4
ou> 7
nz" Heavily myelinated axon Stimulatory

Skeletal muscle

Two-neuron chain from CNS to effector organs

g O Ash NE
. / v
i g "
h I Unmyelinated
-~ ” Lightly myelinated  Ganglion postganglionic axon
g % preganglionicaxons ~  Epinephrine and +
o > W.norepinephrine -
» : Stimulatory
or inhibitory,
0 depending
‘i Adrenal medulla Blood vessel on neuro-
o © transmitter
g = . and receptors
5 '5 ACh ACh on effector
< v/ v Smoothmuscle  organs
q & YV p——p——g Yva (eg,ingut) glands,
> Lightly myelinated *4 " Unmyelinated ~ »  cardiac muscle
g preganglionic axon Ganglion postganglionic
N axon



Organization of the Autonomic Nervous System

Characteristic Sympathetic Parasympathetic
Origin of preganglionic Nuclei of spinal cord Nuclei of cranial nerves
nerve T oo segments T1-T12; [, VII, IX, and X;
L1-L3 (thoracolumbar) spinal cord segments

S2-S4 (craniosacral)

Length of freganglionic >  Short Long

nerve axon

h =

urotransmitte? in ACh Ch
/

ganglion /[ pne

Receptor type in Nicotinic Nicotinic
b, Mo
Length of ostganalioni®  Long Short

nerve axon = -
CE&@ Smooth and cardiac ~~-< Smooth and cardiac Skeletal musc
muscle; glands muscle; glands
N@é@‘ﬂmm&r in Norepinephrine (except  ACh @lsynapse IS
effector organs ._Sweatglands, which = neuromuscular

{7% use ACh) junction)
eceplortypes in@) o, 0, By, and B, Muscarinic @

effector organs el o




Neurotransmission at adrenergic Neurons

QThnvolves five steps:

2
3
4.
5

Synthesis.

o U

Storage. upkks

Release.
ﬁ_

Recegtor binding.

Removal of tgh_‘e neurotransmitter .
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9 Pathway of Dopamine Metabolism

Catechol-O-methyl
transferase

Phenylalanine nmsssp Tyrosine nmsssp Dopa nmmmp Dopamine u Homovanillic
Tyrosine b Dl())Pa : 0 Mopoamillsle acid
Hydroxylase ecarboxylase (ZIR:}I@-B
Dopamine
bt B-Oxidase

d,o(éwh'mqr‘a [ C rng\ézu parknger J| (P~ —
Cot dopamend 2y Blackiny +o

the [COMT [/ Moo ")
So \L CQ& 5@ O‘&\‘\_\\e"" O"e " So W Phenylethanolamine N- (ﬁ A

Methyltransferase
e serie. Y 2famer

Norepinephrine

Epinephrine



SYNTHESIS OF
NOREPINEPHRINE UPTAKEINTO

® Hydroxylation of tyrosine is STORAGEVESICLES
the rate-lmiting step-

e Dopamine enters a vesiche
and is converted to

Urine norepinephrine.

e <=, IED |
Dopamine

® Norepinephrine is protected
from degradation in the
vesicle.

* Transport into the vesicde Is
inhibited by reserpine.

RELEASE OF
NEUROTRANSMITTER

e Influx of calclum causes
fusion of the vesicle with

the cell membrane in a process
known as exocytosis.

& Release is blocked by
guanethidine and bretylivum.

REMOVAL OF

NOREPINEPHRINE

® Released norepinephrine is
rapidly taken into the neuron.

& Recuptake is inhibited by
cocaine and hnipromine,

BINDING TO
EQ recerror
e FPostsynaptic receptor
iz activated by the

binding of neuro-
transmitter.

methyltransferase
{comr)

B ‘-QCT’. '\v f '|SM

® Norepinephrine is
methylated by COMT §F LIMEIUEMUUURRLEREIN ) 0 0 LUV RLLBR At AAAAALLLL S
and oxidized by MAO.

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




Catecholamines | A2

® Catecholamines are sympathomimetic amines
that contain the 3,4-dihydroxybenzene group
such as:
|. Epinephrine—
2. Norepinephrine+s—

3. Isoproterenol..—

4. Dopamine., —
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Receptor Types in the ANS

1. Adrenergic receptors (adrenoreceptors):
33»«"’«%'\\\
a.Alpha Receptors: are subdivided into two types:

. Receptors: are located on vascular smooth

muscle of the|skin, the|gastrointestinal sphincters, bladder

sphincters, and the radial “dilator”|muscle of the iris.

v/ Effect: produce excitation (e.g., contraction or o, 4.,

b a &"yfﬂ" aQ 1N, aanYiattis- I S?\ﬂ: £ GIT

CO.IMQH)' Can sl CAio v o€ QV- 0ectmn
* CAlpha “027 Receptors: are located on'@alls}of GIT , and
all of bladder.

v/ Effect: often produce inhibition effect or relaxation.
cxll A lddery pokom <
Lrelnyed \n 4re rest )



Alpha 1
receptors

\ SR pagy [ncreased closure
vasoconstriction e ‘.‘ of Internal
sphincter of the
bladder
, W/ nay iV J\ Cx_\-?
resistance ¢ delcrtive.

Increased peripheral

Dressure

! Increased biood

25



Drugs Affecting Alpha Receptors

Treatment of nasal
congestion and

Alpha 1
ophthalmic
hyperemia

vaso qusvv- Nagal spray , CanmnornCild
| Alpha 1 b cdenwn (v J
| receptors rasaq | Gviky &,
| exe mp\g _—

Alpha 1
| blockers
| Treatment of benign
Alpha | prostatic
hyperplasia

[ B Apha2 | Hypertension
| agonists treatment
B Apha2 BN T
receptors :
' Alpha 2 e

agonists




b. Beta Receptors: are subdivided into three )‘t_ypes:

heav
Receptors: are located in the sinoatrial (SA) node,

atrioventricular (AV) node, and ventricular muscle of the heart.

v/ Effect: produce excitation (e.g., increased heart rate,

increased conduction velocity, increased contractility).
1\ Cﬂ)’d(qc M ﬂ-"*'

\
eceptors are located on vascular smoéoth muscle of skeletal

muscle, bronch1a smooth muscle, and 1n the walls of the GIT and

bladder. '}/Sb Mm% Use T H Asmna
v/ Effect: produce relaxation (e.g., dilation of vascular

smooth muscle, dilation of bronchioles, relaxation of the

bladder wall).

:‘ eceptors: are located in the fat cells. Ll

v/ Effect: Play important role with b1 receptors in lipolysis




B--1 receptors

Renal iuxtaglomerular
cells

Increased

chronotropy and | Increased
inotropy renin release

Increased
AV-node
conduction
velocity




B--2 receptors

Bronchial smooth :
rine m clie
muscie Ute = s
: : Jterin ] i
Bronchodilation Uterine re }avxz‘at 2l
{tocolysis)




Relaxation

Biaddei detrusor
musclie

Relaxation

3-2 receptors paaams

—— Decreased
motility

Increased glucose
metabolism,
lHipolysis

Rejaxation

Smooth musdcie




2. Cholinergic Receptors (cholinoreceptors)
L’f“"‘%"“ Patbedtic.

aiNicotinic receptors: are located in the autonomic ganglia (NN)
of the sympathetic and parasympathetic nervous systems, at the
neuromuscular junction)(NM).

v/ Effect: produce usually excitation postsynaptic potential.
b.Musecarinic receptors: are located in the_h_gsg@, smooth

G. muscle@ and lands@, o reluation & yechumand bVedley
e ?

Sp hivecter.

Y X i\# & a. Areinhibitory in the g., decreased heart rate,
[ 4 U~
);‘\p&\/; A X" decreased conduction velocity 1@node) YConmctilely Lucdi

! £ \)“’ oy b Are excitatory in smooth muscle a 5 (¢.g., Increased

(}’h ~ N
: / \\‘5?9‘ 1“6’\9-' GI motility, increased secretion). 4‘3«\.\/«4xm
7\‘ w“ kg&"'\ 5}): «Are activated by. and -

o Lt o ,p?i' Are blocked bytropiid.

é’}?‘s\}‘iﬂ/ % Hﬂl—-—-uaam nefve squla_. +o+}u._-t)unc-{'1°h betwee.. e_); ’?,L//gcﬁ Fan\verie (e\on
’ V}:va.(‘l\ and \.@ll;TL[/SCLCm'/ Va{ZJ?



aney V- (898 )
Adrenal Medulla f@Z /”?,,ng, Vi,

pos\-/ shwrd

Is a specialized ganglion of the sympathetic nervous system.

\0\'\

Pregan%homc fibers synapse directly on

the adrenal medulla.

chromaffin cells

The chromaffin cells secrete Epinephrine (80%) and

norepinephrine (20%) into the circulation.

1n

Pheochromocytoma: 1s a tumor of the adrenal medulla that

L__, ma\ignqn* +umor

secretes exc g;;lve amounts of ca olamines.

L+ pan



AUTONOMIC . SOMATIC

|Sympatheticinnervation Sympathetic Parasympathetic |
of adrenal medulla

Preganglionic
neuron

/\ /i

Ganghionic : -
tr::sgm‘i’t‘:e‘; Acatyicholine Acetylcholine Acetylcholine : No ganglia
] @ £S]
Nicotinic Nicotinic Nicotinic
receptor @ receptor @ receptor
Adrenal medulla CRIGMION
Neuroeffector Epinephrine and Norepinephrine Acetylcholine : Acatylchaline
transmitter norepinephrine released :
into li{}blood J} ‘ ‘
Bt < ® : @
m m Affm\ e
receptor receptor receptor ' = receptor -—
e e ——————
Skeletal muscl
Effector organs e

33




Autonomi u@ the Brain Stem & Hypothalamus
1. Medulla oblongata:

S Vasomotor center.
Respiratory center.
* Swallowing, coughing, and vomiting centers.
3. Midbrain: G ot -emetic ack
i P vorn}Jr'u:j Ce nbes 'n
e Micturition center. Fhe skl obdongate
T
4. Hypothalamus:

wikmtie Joo hype +halmuy )= venticular S‘aﬁcb X' (‘:‘/\ /é_f‘—‘b C-:{f‘ &-;'_er—

. Temgerature regulation center. « 4 rewmp whe o< gin

anyi biotic /u_3_‘8/‘-’3 dur Yo Contrul

* Thust and hunger regulatory centers. il



Effect of the Autonomic Nervous System on Organ Systems

Sympathetic

Sympathetic

Parasympathetic

Parasympathetic

Organ Action Receptor Action Receptor
Heart T heart rate 3 + heart rate ' M
T contractility B! ! contractility (atria) M2
T AV node conduction 3: L AV node conduction M;
Vascular smooth Constricts blood a —
muscle vessels in skin; :
splanchnic
Dilates blood vessels g —_
in skeletal muscle 2
Gastrointestinal tract | motility o, B T motility M
Constricts sphincters Gf 2 Relaxes sphincters M:
Bronchioles Dilates bronchiolar B Constricts bronchiclar
smooth muscle . smooth muscle S
Male sex organs Ejaculation o Erection M
Bladder Relaxes bladderwall g Contracts bladderwall
Constricts sphincter az' Relaxes sphincter M:
Sweat glands T sweating M (sympathetic —
cholinergic)
Eye
Radial muscie, iris Dilates pupil (mydriasis) o, —_—
Circular sphincter — Constricts pupil {miosis) M
muscle, iris ) . )
Ciliary muscle Dilates {far vision) B Contracts (nearvision) M
Kidney T renin secretion B, —
Fat cells T lipolysis —




Reflect the "flight or fight" RX.

« Vasoconstriction of blood vessels (control of B.P.).
Inhibit motility in the gut by contracting sphincter muscles and

relaxing non — sphincter tissue.
Mohilize energygy breaking down liver glycogen to glucose.

Found in presynaptic membranes.

Provide feedback control of neurotransmitter secretion (inhibit
Ca++ influx, decrease neurotransmitter release)(attoreceptor
negative feex 1back ).

Well known for their effects in the heart
increase heart rate and force of contraction
Induce muscle relaxation in the gut.

Induce bronchedilation.

Induce smooth muscle relaxauon in the guL
Induce conversion of en Lo glucose,
Stimulate secretion o m from pancreas.

Decrease heart activity. (M2)

Increase motility in G.1. tract. (M1, M3)
Depolarization of smooth muscle fibers, (M3)
Hyperpolarization of cardiac muscle fibers. {M2)




@A ffecting Adrenergic and Cholinergic
System

ackivrle the SHmpathartic
I. Sympathomimetics Drugs: stimulation of adrenergic receptor.

2. Sympathoelytic Drugs: block the action of the neurotransmitters at
Ls ¥ M
the adrenergic receptors.

3. (Cholinergic “Anticholinesterase” Drugs: stimulation the
e e———— —_——

cholinergic receptors.

4.  Anticholinergic Drugs: block cholinergic receptors.
ST —————— m



The Parasympathetic Ganglia in the Head and Neck

There are four Earasmathe@ganglia in the

head and neck:

1. Cilial_'yjoganglion. . —

Submandibular ganglion.=—

2 oo stos reve

Pagial rerve

Otic ganglion. - i cnarda dyngasi
%Lo‘SSo f\’lﬂrogq,{ e e

2
3. Sphenopalatine (pterygopalatine) ganglion.
4



.S'J mp-

%Sen&ofﬁ /Ms)sd/ ?\bco’ 'J\«A’\‘ omm— . i '?/rtﬂi g d,ef Yiewo.
fass Proryn Gargylow s Ciliary Ganglion - comal aeree

it ke ®  Type: 1tis a small %arasympathetic ganglion (1-2 mm

ey "7 in diameter). A< Sgnef) n gemglios
2, [‘\\f,. Cﬁt ‘80\;«3 W\eni(C —= F‘n% aqr\'%\'\o\n'.ﬂ
7ty :._.° Site: 1n the posterior part of the orbit.
Z’P,',;, J\® gRO?CtSn Entering the Ciliary Ganglion: 3’;«? §vie. Ak
' oo G TN lelay Cre g
od Give f% Y Sensory root: branch from nasocﬂlar; nerve V-
P (branch of ophthalmic nerve) res

Seriy 2. Sympathetic root: from the sympathetic
SSymps ymp

e felay in W 1P plexuSaTOIAHEIOA, 7 121 /T £

-, [is v . P n (.'q ‘c
Sypethh 373, Parasympathetic root: from ner@e?o%& erior
Cf)" ‘17)"/‘ ”Qﬁj _— L9 Ew’[}

G Hmugh o Janglic oblique muscle (branch of oculomotor nerve).

. ; e (o L’
W ot garglinic Libey atter thegarglive el s} ovder Newg.
W fjfﬂé";‘??l'ha‘hc % v m;,(,“( —f) e ..CS&WSO(Q-J&W,F. _Pafq&am‘a.ﬁ



Branches of the Ciliary Ganglion

The ciliary ganglion has 8-10 short ciliary nerves which

~pierce the sclera around optic nerve.

ory fibers: to the cornea and iris.
—_——

ij et 3. Parasympathetic fibers: to the supply the sphincter
y pupillae (for light reflex) and ciliary muscle (for

accommodation).




e
)@40(7 in the ciliary
Q”V‘O\\‘OM' |
Oculomotor nerve (1) Smngm
~—— Sensory fibers
— Sympathetic fibers
— Parasympathetic preganghonic fibers

——— Parasympathetic postganglionic fibers
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Sympathetio efferent (preganglionic) fibers




Ciliary Ganglion
Schema
hort ciliary nerve Qllia!!g !m.
Optic nerve (Il D!
Ciliary muscle

Dilator muscle of pupil

Sphincter muscle of pupil

l.om ciliﬂ nerye

Nasociliary nerve
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Submandibular Ganglion
e Type: itis a small parasszathetic ganglion (2-3 mm 1n
diameter).

e Site: it lies in the submandibular region on the upper part

of hyoglossus muscle.

* Roots Entering the Submandibular Ganglion:
Yo He Secredo 2vbor fo glanal . @%avﬁ\bwc

1. Parfs ympathetic root: arising from the éhordé éméan”g

nerve (Branch of facialnerve).

2. Svyn hetic root: arising from the sympathetic plexus
L e RY g ymp P

around facialvartery. fro Plexus atound  BCA -

3. S / root: froerve (branch of Thandibular

— 3 Ha SenAoU (L -
nerve).



Branches of the Submandibular Ganglion

Several small branches (mixed: parasympathetic

+ sympathetic + sensory fibers) pass directly from

the ganglion to supply the submandibular salivar
gang pply - ofa%u

nerve to reach
g+afjex+ "Wl

O foyas s

gland.

Similar branches jo1

the sublingual salivary



Mandibular Nerve [V3]
Lateral View

Postenior deep temporal nerve

Postenior division of mandibular nerve

Foramen ovale TRy [ e 2 > ; -
B > A I o— Temporalis fascia
: " o and muscle

Foramen spinosum
Auniculotemporal nerve

Aotenor deep
temporal nerve

Massetenc
nerve

Lateral

pterygoid
nerve and
muscle

Facial nerve (V1) B S . O : Buccal nerve
Middle meningeal artery “3 a\ ' — 1L § and buccinator
Fotenior division of muscle (cut)
mandibular nerve ) .
Digastric muscle (posterior belly C A y & k .
Chorda tympani nerve O = = 22 Submandibular ganglion
Inferior alveolar nerve (cut , e’ W e
Mylohyoid nerve %\ \ S I Sublingual gland
Lingual nerve 7o T il | o 2 — Mental nerve
Medial pterygoid muscle (cut e 3o
Hypoglossal nerve
Stylohyoid muscle ; '
Submandibular gland pr Inferior alveolar nerve (cut)
Mylohyoid muscle (cut) Sublingual nerve Digastric muscle (anterior belly)




Ophthalmic narve [V,)




Sphenopalatine (Pterygopalatine) Ganglion

Type: 1tis tparasxmgathetw ganglion (4-5

mm 1n diameter).

Site: 1t lies in the pterygopalatine fossa.

Roots Entering the Sphenopalatine Ganglion:

1. Sensory

root: two sensory branches arising from

the maxillary nerve.

2.| Sympathetid root: the deep petrosal nerve from

sympathetic plexus around the ICA.

wpe OV
3. /Parasympathetlc root: the greater f)epterosal nerve
(D(branch of facial nerve). < PM
r2a ke —
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Branches of the Sphenopalatine Ganglion

@.w,\/u_, GS@,{) - 4+ f,be,fj ,vt,lay 1y) P Sf)‘tn daq(q»}.m,\_d“pkh,sql BW.L poy)-aq,\a\vﬁ<Fr AR, and bird o ¥ m\\,uj nefine. 1 reath

1

lacrima\ %) land) . )\
IR

iy B P —> e TP —> Cmmaniarte wih ademe acyt PP Cvny— g < )'P:’A{r -
branches: enter the orbit through the nferlor orbital = =
el fere palafin. s i J1ada)) Sensory dpsert Sappy HE p""”d' &
f‘” 1ssure. They supply tfle orbital periosteum ancf the mucous
membrane of the sphenoid air sinus. Another fibers pass with the

zygomaticotemporal nerve to the orbit, where they branch off to

join the lacrimal nerve to suppliestlacrimal glan

iial yii

nasopharynx.

geal branch: to supply the mucous membrane of the

‘ne nerve: to supply the mucous membrane of the
hard palate and part of the nose.
Le palatine nerve: to supply the mucous membrane of the
soft palate and the palatine tonsil.

I yalatine nerve: to supply the mucous membrane of
the upper part of the lateral wall of the nose and nasal septum.
1 I latine nerve: to supply the mucous membrane of
the anterlor part of the hard palate.



Ophthalmic and Maxillary Nerves
Postenior ethmoidal nerve
Long and short ciliary nerves

Infraorbital nerve emerging from infraorbital
Fatenor ethmoidal nerve

Ciliary ganglion
Lacrimal nerve

Nasociliary nerve

Fromal nerve

Tentonal branch of
ophthalmic nerve (V1)

Ophthalmic nerve (V1)

Trigeminal (semilunar) ganglion

Trigeminal nerve (\V)

Meningeal
branch of

. p
maxilla v o i
nerve (\V2) S
Foramen ovale :

Foramen rotundum
Mandibular nerve (\V3)

Maxillary nerve
Zygomatic nerve
Nerve (\Mdian) of pterygoid cana
Pterygopalatine ion

Greater and lesser palatine nerve
Pterygopalatine branches

Supraorbital nerve Supratrochlear nerve

Lacrimal gland

Infratrochlear nerve
(from nasociliary nerve)

Cutaneous branch of
lacnimal nerve

ygomaticotemporal nerve

ygomaticofacial nerve

Extemnal nasal
branch of artenor

: Ll
J ek Sazdl
e [
AR P T
LU N '/M 3
4 £ r:-' > alveolar
\ ! nerve

Nasal branch of anten
superior alveolar nerve

Mucous membrane
of maxillary sinus

Dental and gingival
branches

alveolar nerve

plexus




Ganglion

Type: it 1s a small parasympathetic ganglion.

Site: 1n the infratemporal fossa just below foramen
ovale. _/N
Roots Entering the Otic Ganglion: 725t~ 27

| ‘root: arising from nerve to medial pterygoid

muscle (branch of the main trunk of mandibular

nerve).
P thetic root: formed by lesser superficial
Umpqn < / lesse, Pedrosar p-
petrosal nerve (branch of glossopharyngeal nerve).
3. Sympathetic root: from the plexus around middle

meningeal artery (from the plexus around ECA).
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Branches of the Otic Ganglion
& T\ %ﬂqumc N 6’3\0550 Fh“’q"jtf‘,’,{'-&.sel fufe. Brayl  Petieml
_\;-‘, fre Gy lionic £€i0e,
1. Motor branch: to tensor palati muscle and another

: branch to tensor tympani muscle.
LS sertatic o op parkid o ATN o e)w\:; v (fantid gund |
s> 2. A communicating branch: to guriculotemporal nerve,
¢ "’/(-/ ?W‘a'“f . : sy division S erandibale
/ this branch is formed of: PoS) Ganglisnic P,

a. Sympathetic fibers: to supply the blood vessels
of parotid gland.
b. Parasympathetic fibers: secretomotor to parotid

gland.
£ e 2nd ordey newrm'i— p3c 80‘”:] iom
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Mandibular Nerve [V3]

Motor root
Sensory root I\Ie(llal VleW

Trigeminal (semilunar) ganglion
Mandibular nerve (\3)
Ophthalmic nerve (\WV1

| || r
o’V To
e ® 9 ..' 5

Maxillary
nerve (V2

Tensor tympa

_and ne
Tympanic cavity

‘h

0()0

Aotenor
division of
mandibular

nerve (V3)

ensor weli

erve and
uscle

peirn +

Geniculate ga

Chorda tympani nerve

Aurniculotemporal nerve

aar\a L m\.

Nerve to mylohyoid muscle
Pterygoid hamulus

Uingual nerve

Maxillary artery

Medial pterygoid
nerve and muscle (cuq

Inferior alveolar nerve emerging from mandibular




éThe Parasympathetic Ganglia in the Head and Neck

J10 o D2 DYy O D2 Orgs
D( D U( D( D( D0
Edinger- Nasociliary, Sphincter
Ciliary Westphal | Oculomotor nerve | Nasociliary | nerve from pupillae and
ind. mb),‘7u4_ - w internal carotid | ciliary muscles
— plexus
& Greate Deep petroasEl Lacrimal glands;
adl gd
Sphenopalatine | Superior |superfacial Maxillary |nerve from glands of nose,
salivary | petro erve internal carotid | palate, mouth
from@newe plexus and pharynx
Chorda - ni i vay | Plexus around | Submandibular
Submandibular (/Su nerve fro Lingual |facial artery and sublingual
\saliva nerve C éQ glands
— Lesser superfacial pocia’ f‘*“a*" | Plexus around
Otic Inferior | petro erve middle Parotid gland
salivary fror@ﬁewe memngeal
artery E pr
Dorsal Hear,
Many ganglion |motor (@mwe Many |Many plexus |Respiratory
in the different [nucleus aany Barrc e | nerves. —— system, Abd.
organs of vagus | [~ avs case sAm ks \: %A " ;e, ViSC
o ) L1 gTY gmglen and o ot gland
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The Sympathetic Nervous System

¢ Cells of Origin: The sympathetic NS formed by the
cells of the intermediolateral nuclei of the lateral horn of
— oy mMa be C&-L 3
segments of the spinal cord (Thoraco-lumbar
part) and reach the sympathetic chain by the white rami
(right and left).
*»» Sympathetic cells may also be found iegments of

—
the spinal cord.



The Sympathetic Ganglia

. @rtebral Ganglia: which formed the sympathetic

/Chain or trunk.
s

) \"”0 There are two sympathetic chains (right and left) on each
q/l,, . % side of the vertebral column.

% Each chain extends from the level of the first cervical
vertebra (above) to front of the coccyx (below) where
two chains unite to form a single coccygeal ganglion
(impar ganglion).

‘0

It formed of 22-23 ganglia on each side.

4
(Collateral or Perlpheral G/ag@ these are ganglia that

surround some large arteries: celiac, superior and inferior

:———*__————q_‘

mesenteric ganglia.




How Many Sympathetic Ganglia are Found
in the Sympathetic Chains? (oo} -

e there 1S 1Ysymp Seqmerd lowk 22z Para eriebral gangli@"@
g lion i Byer e P =b

(f’ﬁ%{{j famy e~ Jvibe 1am c»—-c),'s";z reley C.g?’,"lfea"‘uw e Soekss
a2 1. Cervical ganglia: 3 pairs. ™ e B ‘

apfyr Fhreis Bibers YLD &
2. Thoracicganglia: 10=12 pairs. s> ~sp tserew

felay jr S49f: /ink, ’”’:"”‘

° . . ey sampP- -UA“‘) “.

3. Lumbar ganglia: 4-5 pairs. . 2’;;;”:) L
)’Elaa in +hCollateral

4. Sacral ganglia: 4-5 pairs.

1. Coccygeal ganglion: ong.fi together
\Q{ 62)( / . .}ocb{m S'mg\(_ 9&/\3\"%\’.
glmp - w) ce\ed 1 mPar ‘5&'«#\\\'0\,,
W inf. cervicnl Pt ganglien Lufe i H Pash Ihoracic
%am) called s+elote 2_4,\8\;5“_
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Eye

w7
Y 2 Vi 2 5 e Salivary
\ !Mw,“_g{ . LI g™ — glands

{3

Cervical
sympathetic Heart
ganglia
Gray rami to
spinal nerves
Celiac ganglion Lung

Superior mesenteric

. ganglion

P —
g ~

Liver and
galibladder

Stomach

Spleen
Pancreas

Large

Postganglionic fibers to intestine
spinal nerves (innervating _{ | Small
skin, blood vessels, sweat { B i Teasti
glands, arrector pili <) o
muscles, adipose tissue) ’y) -
‘/])\ ‘. ' Adrenal
A~ g U medulla
Sympathetic A:‘a\ | corc Kidney

chain ganglia

Urinary bladder
ﬁ 4

Coccygeal
ganglia (Co,)
fused together e 195\ Sorek
_— {5~ Scrotum

— Preganglionic neurons
— Ganglionic neurons



The Cervical Part of the Sympathetic)Chain

Site: It lies behind the common, external, and internal

carotid arteries, outside carotid sheath and medial to the

vagus nerve.

It has:

1.

Preganglionic fibers: from upper thoracic

segments (T1-T4) until the three cervical

e —m——

ganglion Ls ned relh&- buy alterd do CLIVIC]

Postganglionic fibers: leave these ganglia, to

Lecoirt e, s

the cervical nerves, cranial nerves and large

vessels. as EC A, TP, subclasian B and ¥ @sanchay.




The Cervical Sympathetic Ganglion

There are three cervical sympathetic ganglion:

lavgq el
1. Su!Eer?or cervical sympathetic ganglion.

2. Middle cervical sympathetic ganglion.

3. Inferior cervical sympathetic ganglion.

(—9 fuse witv Bt theracic ﬁa(miﬂ) S Ye et Gang g



LN

superio
cervical

middle
cervical

(stellate) g. [ i. & - it| subclavius

69
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Destruction of the Superior Cervical
Sympathetic Ganglion

A/"é?ﬁ)

his removes all the sympleithetic fibers

that reach face

and neck and produces Horner’s syndrome:

l.  Myosis.

Partial ptosis. ns+ &mylete -
» &= o

Anhydrosis.

T

Enophthalimus.

reater . & '
‘,3 e 5‘,8_3 P b‘i/\?'}—-’

S‘J\fell.“\.) )(L}:b
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Sympathetic Supply of the Pupil

Pathway: Fibers start from‘hypothalamus, descends
—

through the brain stem and cervical part of the spinal

cord to the 'lateral horn cells of C8 — T2 segment —

preganglionic fibers — sympathetic chain — relay 1n

the uBerior cervical sympathetic ganglion, The

postganglionic fibers pass with carotid plexus (around

long ciliary nerve — dilator pupillae mus019

Jeae ) Jo rtjalrf'c(..sg J
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II. Th.
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<; - Superior cervical ganglion
¢
D

J 1. Thoracic ganglion

T

Syu,ulhdto efferent (preganglionic) fibers

Sphincter pupillos




Innervation of the Urinary Bladder and Rectum

They receive 3 types of nerves:

I. Somatic innervation (Pudendal nerve): supplies the striated

Cvolurta(y)
Ske el muscles of the external sphincter of the urethra and rectum.

2. Sympathetic neryes: branches jrom the pelv1c plexuses. They

(I dion 8" & L» C’M*{“’*pn e 8 ineCters relasation ‘*)\L [Lhedder eoall andd et
Vol dete - Supply the blood Vessels of the urinary bladder and rectum.

3. Parasympathetlc nerves: branches from S2, S3 & S4

-~

)27 Zd/ segments of the spinal cord — pass in S2, S3 & S4 — pelvic

n
(\Y“"\"or 9

&cfﬂc“hoh

plexuses. They supply: e

ot
»  The muscles of the @alls of urinary bladder and rectu

(contraction). ek

* Inhibitory fibers to thf the urinary

bladder and rectum (relaxation).




Effects of Autonomic Nervous System on Organs and Body

s g

Organ %9

Sympathetic action
e

Parasympathetic action
[ S

Eye:

Pupil - Dilates - Constricts

Ciliary muscle - Relaxes - Contracts

Glands:

LLacrimal & nasopharyngeal |- Reduces secretion - Increase secretion

glands J secretion

Salivary glands -“Vasoconstriction - Increase secretion

Heart - Heart rate & muscle - Heart rate & muscle
contraction increased contraction decreased

Lung: co| asHmm Perdiont e Gin Wi e AR g 2 Prniy

Bronchial muscle - Dilates bronchi %"tk [\ Constricts/bronchi

Bronchial arteries - Constricts - Dilates

GIT: relast  sphinetler cantouct.  SP Nmeck

Muscle in walls
*Muscle in sphincters

- Decreases peristalsis
- Contracts co«))

- Increases peristalsis
- Relaxes woall

'Glands -Reduce secretion - Increases secretion
Kidney - Decreased urine secretion |- Increased urine secretion
Urinary bladder: G611 )\0~

Bladder wall - Relaxes cetnia'™ - Contracts&t 7 sal M

Sphincter

- Contracts rf »ire Ger

- Relaxes <P linect-



Organ

Sympathetic action Parasympathetic action

» Gall bladder - Relaxation LContraction

Liver - Increased conversion |- Stimulate release of bile
of glycogen to glucose

» Pancreas - Inhibition of insulin |- Stimulation of insulin and

and glucagon secretion | glucagon secretion

» Male sex organs —

Pineal gland
e~ N\

- Increase'ﬁnelatonin -

synthesis and secretion

Skin:
» Sweat glands

» Pilomotor muscle

L, 6% ) een

- Increases secretion -
U

L Contraction -

% -4 /nﬁ}'\ﬁ)ﬂc—_)
» Platelet

i s¥rest — T4 re8q
V)CwW'PU o

Increase aggregation -
tioe C "\36":4 ui.sc.o'w)j SUY\JI’V"‘L’\

Iypolisi

- Increase -

» Renin secretion

- Increase — |eaddo 1'18;@ i

» Mast cells: histamine

[ Decrease <« C YydpPare Soime uc i} in_ ©RENG®Y Shs R




Parasympaﬂleﬁc

Stimulates
flow of sali

Constricts

bronc hi

Stimulates

peristalsis

and secretion

Stimulates
release of bile

Contracts (7

~ = Inhibits flow
. . Jof saliva

Accelerates

Yagus
nerve

heartbeat

Dilates

) i B et

bronchi

Inhibits
peristalsis

o B T B 0 o s

) B
it
W

bladder

ganglia

P

and secretion

Conversion

of glycogen
!o glucose

- Secretion of
‘| adrenaline and
-- noradrenaline

: 3 “22 Inhibits
Chain of . bladder
sympathetic i/~ contraction
&7
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