AUTONOMIC NERVOUS SYSTEM (ANS)

Foundation block - Anatomy - Lecture 4




At the end of the lecture, the students should be able

to:

Define the autonomic nervous system.

Describe the structure of autonomic nervous
system.

Trace the preganglionic & postganglionic neurons
in both sympathetic & parasympathetic nervous
system.

Enumerate in brief the main effects of
sympathetic & parasympathetic system.

Color guide:

Only in boys slides in Green

Only in girls slides in Purple
important and doctors note in Red
Extra information in Blue



Concerned with the innervation and control of Involuntary structures:
visceral organs, smooth & cardiac muscles and glands.

e Function: maintain homeostasis of the | (\/\
internal environment along with the /W [ ' | (

e

YN
o Central nervous system .
Endocrlne sg Stem. (brain and spinal cord) Peripheral nervous system /(/
]
| 1
Autonomic nervous system Somatic nervous system
o Located: both in the central and (communicates with internal (communicates with sense organs
e organs and glands) and voluntary muscles)
o
peripheral nervous systems. —1— R —
Sympathetic Parasympathetic Sensory (afferent) Motor (efferent)
division division nervous system nervous system
(arousing) (calming) (sensory input) (motor output) \

e Regulated: (controlled) by
Hypothalamus.

Note: Hypothalamus controls both of Autonomic system + Endocrine system.




Autonomic Nervous System

Unlike the somatic nervous system, the
Efferent pathway of the autonomic nervous
system is made up of two neurons called as
preganglionic and postganglionic neurons.

The cell bodies of the preganglionic neurons
are located in the brain and spinal cord. Their
axons synapse with the postganglionic
neurons whose cell bodies are located in the
autonomic ganglia.

Note: slide was only found in girls slides

Autonomic Efferent Pathway Preganglionic Neuron

e

Target effector:
smooth muscle

Postganglionic Neuron

Spinal cord
pinakeen Autonomic Ganglion

Somatic Efferent Pathway

Somatic Motor Neuron

Dorsal Root

Target effector:

Spinal cord skeletal muscle

Ventral Root

Note: before the fibers reach the target, it should first pass by the autonomic ganglion and synapse.




Note: slide was only found in girls slides

Based on the anatomical, physiological and pharmacological characteristics,
the autonomic nervous system is divided into:

- Sympathetic: ?
Activated during exercise, excitement, —4 |
and emergencies _—ympathetic Response
; . N | “Fight or Flight” X
(Stress) (« N
z 7 (
» Parasympathetic: =N\ .

Concerned with conserving energy. Brasympathetic Response

“Rest & Digest”

(Peace)

Both divisions operate in conjunction with one another (have antagonistic control over the viscera) to
maintain a stable internal environment




Autonomic Nervous System

Sympathetic Parasympathetic

-Preganglionic neuron is
in the CNS.

-The Preganglionic
fiber(axon) is shorter.

-The Postganglionic
neuron isin the PNS.
and far from the target.

-The Postganglionic fiber
(axon) is longer.

-Preganglionic neuron is in
the CNS.

-The Preganglionic
fiber(axon) is longer.

-The Postganglionic
neuron is in the PNS and
close to the target

-The Postganglionic
fiber(axon) is shorter.

Note: slide was only found in girls slides

Sympathetic
CNS ganglion target
d ~s
Preganglionic 5
neuron Postganglionic
Short Preganglionic neuron Long Postganglionic
Fiber (White) Fiber (GTey)

Parasympathetic
c¥«s P ganglion targetr 7

Postganglionic Short

Postganglionic
Fiber

ol
itk

Preganglionic
neuron

L Pr lioni
ong ;%z:g ionic neuron

Note: The cause of preganglionic (White) and postganglionic (Grey) fibers having different
colors is the Myelin sheath that the preganglionic fibers (white) are sheeted with.
Muyelin helps isolate preganglionic fibers for faster transportation. (g s~ Ja sy JiSI Jj jze40a5)




Sympathetic Nervous System

Postganglionic
fiber

T

Sympathetic
chain

Superior
cervical
ganglion

Preganglionic
fiber

e

Coeliac
anglion

|

DO0O

L2 —

NONTY Y

L

Inferior
mesenteric
] ganglion

Postganglionic fibres

to blood vessels, sweat
g!lands and erector

pili

Note: slide was only found in boys slides

Eye
Lacrimal gland

Mucous membranes
of nose and palate

Parotid gland
Submandibular and
sublingual glands

Heart

Larynx
Trachea
Bronchi

Lung

Oesophagus
Stomach

Small intestine

Liver

Biliary system

Large intestine

Adrenal gland

Kidney

Bladder

Reproductive
organs

Preganglionic neuron :Cells of lateral
horn of spinal cord (T1-L2)

Preganglionic
fiber(axon):Short axon

Postganglionic neuron:
located in:
1-Cells of sympathetic chain

(Coeliac, superior & inferior mesenteric)

Postganglionic fiber
(axon): Long axon

2-Cells of plexuses surrounding abdominal ’

/\

Target organ/tissue




Sympathetic Division:

1)Preganglionic neurons:

located in the lateral gray horn of T1-L2 segments of lateral horn
spinal cord (ThoracoLumbar outflow)

Important Note: Sympathetic neurons only found in spinal cord

IllllLllllH
PrTTTTTT TN

Preganglionic neurons
Note: as their preganglionic neurons are short, their ganglia P
(POSTGANGLIONIC NEURONS) are located near to the CNS
(spinal cord). Effector cel
Note: Outflow means the passage of impulses outwardly from W
the central nervous system. /\/

(nearer the CNS)

(Short) (lons)

(a) Sy Ation 10 Most offector tissues




Ganglia postganglionic

Sympathetic Division 2N
2)Ganglia (postganglionic neurons) %7- A

Sympathetic

neuron
(Short)

( Located nearer the central nervous system) depending on - - I —
their location with respect to the vertebral column they are

o
(nearer the CNS) (long)

divided into : % T > :;rr\;s:;::dpalate
< . Syrré;?]:tl:e(;c ( sublingual glands
1- Prevertebral ganglia (pre means in front of) 6 l .
2- Paravertebral ganglia (para means next to) \
Prevertebral ganglia ﬁ g
Coeliac Oesophagus
coeliac & (superior & inferior) mesenteric ganglia : 3)' o @ St
), Small intestine
—b )
(In front of the vertebrae on the abdominal aorta, named g) B'.:ry —
after the coeliac and mesenteric arteries where they L2 == d
locate = Large intestine
! = sl b ol b ol
. I ganglion \ Adrenal gland
Postganglionic fibers of Prevertebral ganglia supply: estganglioni rihes N
1) abdominal B e . ?? )
2) pelvic viscera
m l;regparggucﬁve




Sympathetic Division

2)Ganglia (postganglionic neurons)

Paravertebral ganglia

Sympathetic chain ganglia (Two interconnected chains,
one on each side of vertebral column)

Number of ganglia:

3 in the cervical part of the chain
11to 12 in thoracic part

4 in lumbar & sacral parts each.

the chains end into a common “ganglion impar”
in front of coccyx.

Postganglionic fibers of Paravertebral ganglia supply:
1) structures in head & thorax

2) blood vessels

3) sweat glands

Ganglia postganglionic

neurons

Effector cell

neuron
(short)

(nearer the CNS)

neuron
(long)

(a) Sympathotic division-innarvation 10 Most offoctor tissues

ganglion

ganglion

splanchnic

Ganglion

fper

Second thoracic ——#Z5 £

Lesser thoracic
splanchnic

Twelfth thoracic

Least thoracic

Lumbar
splanchnic ne

Internal
carotid artery

Superior

cervical ganglion
Carotid sinus
External
carotid artery
ganglion
Stellate
ganglion

Trachea

Aortic arch

Esophagus

Greater thoracic

nerve.
splanchnic nerve

Coeliac ganglion
Coeliac artery

nerve Superior
mesenteric ganglion
i Aorticorenal
ganglion
Renal artery
Superior
mesenteric artery
Inferior mesenteric
ganglion and artery

P PeRa I YT
knervous system

Number of
Paravertebral

anglia:
3 in cenvical

11-12 in thoracic

4 in lumbar
/ 4 in sacral.
Wal
L The chains end (fuse)
into a common
‘ganglion impar
in front of coccyx




3) Fibers:

Preganglionic fibers (axon)

Run in the ventral roots of
the spinal nerve.

Travel through the spinal
nerve, and then join the
sympathetic chain via the
White Rami Communicantes
(WRC).

Note: White ramus Preganglionic fibers
(before rely)

Within the sympathetic chain, these fibers may:

1- ascend : to move upward.

2- descend : to move downward.
3-remain at the same level to
synapse with neurons
(postganglionic) of
paravertebral ganglia located
in sympathetic chain.

Preganglionic neurone
in lateral horn

Sympathetic chain

Spinal nerve

Sympathetic
ganglion Postganglionic

Leave without neurone

SYNAPSe 1, coeliac and
mesenteric

h
p'e’“’sesnescendl

White ramus
communicantes

Grey ramus
communicantes

Preganglionic fibers surrounded by
Myelin sheath

4-leave the sympathetic chain
(without synapse) to reach
coeliac & mesenteric ganglia
(around branches of abdominal
aorta) to synapse with their
neurons (postganglionic).

s branches of
W~ abdominal
aorta




3) Fibers:

Postganglionic fibers

1- From the sympathetic chain ganglia enter
again into the spinal nerve, to supply structure
in head & thorax + blood vessels & sweat
glands.

Effector cell

(nearer the CNS)

(Short) (long)

(a) Sympathotic BViSIoN—INNonvation 10 Most

Postganglionic fibers

Enter into the spinal nerve through Grey Rami
Communicantes (GRC).

note: Grey ramus Postganglionic fibers (after rely).

2- From the cells of (Coeliac, superior & inferior
mesenteric) ganglia supply abdominal & pelvic

viscera.

Preganglionic neurone
in lateral horn

Sympathetic chain

Spinal nerve

Sympathetic ]
ganglion Postganglionic

neurone

To coeliac and
mesenteric
plexuses

White ramus
communicantes

Grey ramus
communicantes




Parasympathetic Nervous System

Ciliary ganglion

Eye
Lacrimal gland
Preganglionic neuron

Pterygopalatine N Mucous membranes

e o Shpessiandnseis 1- Cranial: cells in brain stem: nuclei
Subggnﬁiﬂa?ﬁ L) Parotid gland of 3rd, 7th 9th & 10th
ion .
o7 o= ) Submandibular and 2- Sacral: cells in S2 - S4 segments of
- / sublingual glands .
Otic ganglion - spinal cord
Heart
Preganglionic _—
Larynx fiber(axon):long axon
Trachea
Bronchi . .
- Postganglionic neuron : / \
N located in:
o 1- Cranial: cells of ciliary, pterygopalatine,
submandibular, otic & peripheral ganglia
Small intestine . .
2- Sacral: cells of peripheral ganglia
Liver
Biliary system

Postganglionic fiber

Large intestine

(axon): short axon
Adrenal gland
Kidney / \
Bladder g
Target organ/tissue

N\
N Reproductive
organs

Note: slide was only found in boys slides




Parasympathetic division

Cranial outflow

Sacral outflow

Nuclei of the 3rd, 7th, 9th & 10th

The lateral gray horn of $2-S4

Preganglionic cranial nerves, in the brain stem segments of spinal cord (Sacral
pewron (Cranial outflow) outflow)
Preganglionic axon leave the brain Preganglionic axons leave the spinal
stem Carried by: cord carried by:
3rd, 7th, 9th & 10th cranial nerve pelvic splanchnic nerves (girls slide)
leave the spinal cord, join
Preganglionic corresponding sacral spinal nerves
fiber (axon) to reach peripheral ganglia in pelvis
where they synapse (boys slide)
Terminate in: Terminate in:
ciliary pterygopalatine, peripheral ganglia in pelvis
Postganglionic submandibular, otic & peripheral
neuron ganglia
Postganglionic axons Innervate Postganglionic axon Innervate
Postganglionic (supply) organs of the: (supply) organs of the:
fiber(axon) head, neck, thorax, and abdomen pelvis and lower abdomen

Eye
ganglion
> — Lacrimal
4 gland
Pterygopalatine (o Nasal
S ganglion ( mucosa

-~

Submandibular
ganglion i

; Submandibular
=t ] and sublingual

glands
Otic ganglion &
g
Parotid gland
7

Heart

Cardiac and

’ pulmonary
( plexuses

Lung

Liver and

Celiac gallbladder

plexus

b
‘(.
A

- — Pancreas
g G
S,

S, ...'-i‘i' 3 "‘;.:
3 £

@
DHIATE s
. \" -, Small
) :\\s\ 3 ,“l intestine
o S

Stomach

Large
intestine

Pelvic
splanchnic
nerves

Inferior 'j,l Rectum

hypogastric
plexus
p= Urinary
‘@ bladder
and ureters
Genitalia (penis, clitoris, and vagina)
Preganglionic

Postganglionic
CN  Cranial nerve

https://youtu.be/PiM pLLrVto



https://youtu.be/PiM_pLLrVto
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Parotid gland
Submandibular and
sublingual glands

Heart

From boys Doctors

Lung

You have to memorise:
1- Nerves number

2- Name of ganglia

3- Affecting organ

Oesophagus
Stomach

Small intestine

Biliary system

Large intestine

Adrenal gland

Bladder

3rd—ciliary ganglion — eye
7th—pterygopalatine ganglion— lacrimal gland (4=l 2221 ) and mucous membrane (nose and palate)

7th—submandibular ganglia— Submandibular and sublingual glands bl cuas il 2l
9th—otic ganglion— mucous membrane (mouth) and parotid gland (<=l zliY)( 4.l 52211 )




Structure Sympathetic effect Parasympathetic effect
Iris of the eye(pupils) Dilates pupil Constricts pupil
Ciliary muscle of the eye Relaxes Contracts
Salivary glands Reduces secretion Increases secretion
Lacrimal gland Reduces secretion Increases secretion
Heart Increases rate and force of | Decreases rate and force of

contraction

contraction

Bronchi (45 s¢ll i) Dilates Constricts
Gastrointestinal tract Decreases motility Increases motility
Sweat glands Increases secretion

Erector pili muscles (attached | Contracts

to hair follicles)

Note: Don't memorize the
functions! just know that the
Sympathetic and
Parasympathetic have a
counter effect.

Note: the Sweat Gland &
Erector pili muscles are only
under the sympathetic effect.



Question 1: The cell bodies of Preganglionic neuron
(Autonomic Nervous System) are located in:

A.  Autonomic Ganglia

B.  Brain and Spinal Cord

C. Blood Vessels

D. Lower Abdomen

Question 2: The Parasympathetic division is activated during:

A. Exercise

B. Fear

C. Conserving energy
D. Excitement

Question 3: which of the following is not a sympathetic effect:

A. Increase secretion of sweat glands

B. Increase secretion of salivary glands
C. Relaxes of the ciliary muscle of the eye
D. Contracts of the erector pili muscles

Question 4: Autonomic nervous system is regulated by:

A. Hypothalamus
B.  Pineal gland

C. Diencephalon
D. Thymus gland

Question 5: Preganglionic fibers from cranial outflow are carried by:
A. 3rd,5th,11th,8th cranial nerves
B.  2nd,4th,7th,9th cranial nerves
C.  3rd,5th,8th,10th cranial nerves
D. 3rd,7th,9th,10th cranial nerves

Question 6: Sympathetic Preganglionic fibers join the sympathetic
chain (Autonomic Ganglia) via:

A. Ventralrami

B.  White communicants rami

C. Dorsal rami

D. Greycommunicants rami

Question 7: preganglionic fibers of the Sacral outflow are carried by:
A. Ciliary ganglion
B. Submandibular ganglion
C.  Pelvic splanchnic nerves
D. Peripheral ganglion

Question 8: which of the following is a Parasympathetic effect:
A. Decreased secretion of lacrimal gland
B.  Constriction of the ciliary muscle of the eye
C. Dilated iris of the eye
D. Dilated bronchi

Answers:1.B-2.C- 3.B- 4.A-5.D-6.B-7.C-8.B
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