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Autonomic nervous system



The role of nervous system

ANTICIPATION

Cortex —— Potential input Potential output —— Cortex
> Integration <
Sensor Input Output Effector

REGULATION




Feedback regulation

Feedback—

Simple Feedback Loop
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Redistribution of Blood Flow During Fxercise
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Redistribution of Blood Flow During Exercise

Cardiac output
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Somatic a autonomic nervous system
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Somatic a autonomic nervous system

»\Voluntary” Somatic vs. Autonomic

v'Skeletal " ﬂﬁ.‘:‘ﬁ: <1-. araR,
muscle pomary mtor T\ \ \ o

Somatic motor, -
nuclei of brain
——stem

S\
htty., o 19 queee®
ato, n \wes V3
Y/syna _ \ 100
Pse.jp %imgy, \ \
Up/oad/ n -qtlc n__a-rrvcu.l_t _I_-j'l:-l'l:!'l_ i {b) Autonomic nervous system

http://image.slidesharecdn.com/ans-130217134747-phpapp01/95/central-nervous-system-the-autonomic-nervous-system-7-638.jpg?cb=1361108947



Visceral reflex loop

Dorsal
Sensory root
receptor in ganglion 5::1:;?:5
I viscera | system

Eéﬁiﬂr} Visceral reflex arc
i {Aultoncrmlc reflex)
Postganglionic :
axon | .
| I
=
effector Integration center
s (may be preganglionic
Ganglionic neuron)
neuron
Autonomic Preganglionic axon
ganglion

Copyrght @& 2001 Banjamin Cummings, an mprint of Addison Weasley Longman, Inc.
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Visceral reflex loop
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Sympathetic
nervous system

Fight or flight
response

Energy/store
consumption
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Sympatthetic
nervous system
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Mediators of somatic and autonomic
hervous system
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Brain centers controling autonomic
nervous system

Heat control

Sympathetic Parasympathetic
Water
balance
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Urinary bladder control T Hypothalamus

Pneumotaxic center ——— Adenohypophysis

Cardiac acceleration
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Cardiac slowing——
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—Pons

Respiratory center ——Medulla
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Brain centers controling autonomic
nervous system
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Hypothalamus

Key center of autonomic
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Hypothalamus

Key center of autonomic
regulations and coors

http://biology.about.com/od/anatom
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Hypothalamus

Key center of autonomic
regulations and coor-
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Hypothalamus

Dorsomedial nucleus
= stimulation results in obesity and savage behavior

Paraventricular and supraoptic nuclei

* regulate water balance

+ produce ADH and oxytocin

* destruction causes diabetes insipidus

* paraventricular nucleus projects to
autonomic nuclei of brainstem and
spinal cord

Posterior nucleus

+ thermal regulation (conservation of heat)

* destruction results in inability to thermoregulate
s stimulates the sympathetic NS

Lateral nucleus
« stimulation induces eating
= destruction results in starvation

Anterior nucleus
* thermal regulation

(dissipation of heat)
¢ stimulates parasympathetic NS
* destruction results in hyperthermia

Mammillary body

* receives input from
hippocampal formation
via fornix

* projects to anterior nucleus
of thalamus

+ contains hemorrhagic lesions
in Wernicke's encephalopathy

Preoptic area /]
* contains sexually dimorphic nucleus |
* regulates release of gonadotroplc :

hormones

Suprachiasmatic nucleus
* receives input from retina

» controls circadian rhythms VrRIES 0| DRIHIS

* saliety center
« destruction results in obesity
and savage behavior

Arcuate nucleus

* produces hypothalamic releasing factors
« contains DOPA-ergic neurons that inhibit prolactin release
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Meurozecretary cellz produce
releazing and releaze-inhibiting
haor mones.

These hormones are

zecreted into a portal svstem.

Each tvpe of hypothalamic
hor mone either stimulates or

inhibitz production and secretion

of an anterior pituitary hormone.

The anterior pituitary zecretes
itz hormones into the bloodstream.
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Enteric nervous system

aprox. 500 mil. neurons
— (brain aprox. 100 bil.)
— (spinal cord aprox. 100 mil.)

Mucosa
Plexus myentericus .
ubmucosal
plexus
Plexus submucosus
Circular
muscle

Sensory component
Executive component

Interneurons Myenteric
plexus

High level of autonomy
,brain in the gut” Qe

Oral » Anal
Distention
1 ACh
NO
VIP
Secretory
neuron
Contraction Relaxation
ACh/SP NO/VIP/NPY/ATP
-9+ oo & b B € &
*——o—9 -
L L ]
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(excitatory)
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ST IPAN / e
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Furness JB (2006) The Enteric Nervous System. Blackwell, Oxford, pp 274
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Enteric nervous system

Autonomy

Control of motility
Control of secretion
Control of blood flow

The Brain in Your Gut

The gut's brain, known as the enteric

nervols system, is located in sheaths of \ 3+ Mesentery
tissue lining the esophagus, stomach, s i Attaches the
small intestine and colon, :  bowel to the
body wall and
contains major
arferies, veins,
lymphatics and
extarnal nerves.

SMALL INTESTINE CROSS SECTION

Submucosal ph:ug ......................... i
Layer contains sensary i
cells that communicate
with the myenteric plaxus
and mator fibers that
slimulate the secretion of § .
fluids into the lumen. e R B

Myenteric plexus
Layer contains the
neurons responsible
for regulating the
enzyme output of
adjacent organs.

Lumen Mo nEmEs cosemee s
actually enter Ihis area,

where digestion occurs. The
brains in the head and gut have
to monitor conditions in the lumen
across the lining of the bowel,

Source: Dr, Michae! [ Gershon, Columbia Lintversily

https://kin450-
neurophysiology.wikispaces.com/file/view/gut.jpg/187924395/gut.jpg



Enteric nervous system

Autonomy
— Control of motility
— Control of secretion
— Control of blood flow

Autonomic nervous system
— Whole GIT regulation

— Coordination of all organ systems
activities

Cardiac output
25{/min = 25¢/min
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The Brain in Your Gut

The gut's brain, known as the enteric

nervous system, is located in sheaths of '3\ »+ Mesentery
tissue lining the esophagus, stomach, : i Altaches the
small intestine and colon, bowel to the

SMALL INTESTINE CROSS SECTION

Submucosal ph:ug .......................... #in
Layer contains sensary i
cells that communicate
with the myenteric plaxus
and motor fibers that
stimulate the secretion of
fluids into the lumen.

1 body wall and

contains major

| arteries, veins,
| lymphatics and
extarnal nerves.

Myenteric plexus -
Layer contains the
neurons responsible
for regulating the
enzyme output of
adjacent organs.

Lumen MO MEMEE oo s Sapsinsstain
actually enter his area,

where digestion occurs. The
brains in the head and gut have
to monitor conditions in the lumen
across the lining of the bowel,
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ANS and cardiovascular system

Cardiac output
Cardiac output 25{/min = 25{/min Blood

redistribution

100% 3-5% 4-5% 2-4% 05-1% 3-4% ao-BV
- ~20{ /min.

Heavy exercise

L
@)

Heavy
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Rest
LAY
: ~ 1 L/min

Rest

100% 20-25% 4-5% 20% 3-5% 15% 4-5% 15-20%

Cardiac output
5{/min. =5{/min.
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ANS and cardiovascular system

Local regulatory mechanisms
play major role in
vasoreactivity

Sympathetic regulation
— Skin vessels contraction
— Muscle vessels dilatation

Parasympathetic regulation
— GIT vessels dilation

Copyright © The McGraw-Hill Compan required for reproduction or display.

Artery

Sympathetic
nerve fiber

@ Strong

sympathetic
tone

@ Smooth muscle
contraction
Vasomotor ——

tone ; @ Vasoconstriction
A A b

(a) Vasoconstriction

@ Weaker

sympathetic
tone

@ Smooth muscle
relaxation

@ Vasodilation

(b) Vasodilation
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Sympathetic regulation

Parasympathetic regulation
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Baroreceptors a chemoreceptors

ptors:
1. Aortic arch transmits via vagus nerve to medulla (responds only to T BP)
2. Carotid sinus transmits via glossopharyngeal nerve to solitary nucleus of medulla
(responds to L and T in BP).

Baroreceptors:
1. Hypotension—1{ arterial pressure — | stretch — | afferent baroreceptor firing —

T efferent sympathetic firing and | efferent parasympathetic stimulation —
vasoconstriction, T HR, T contractility, T BP. Important in the response to severe
hemorrhage.

S 2. Carotid massage— T pressure on carotid artery — T stretch — T afferent
baroreceptor firing — 4 HR.

Chemoreceptors:
1. Peripheral —carotid and aortic bodies respond to 4 Po, (< 60 mmHg), T Pco,,

and { pH of blood.
2. Central —respond to changes in pH and PCO, of brain interstitial fluid, which in

turn are influenced by arterial CO,. Do not directly respond to PO,. Responsible
for Cushing reaction— T intracranial pressure constricts arterioles — cerebral
ischemia — hypertension (sympathetic response) — reflex bradycardia. Note:
Cushing triad = hypertension, bradycardia, respiratory depression.

(chemo-
receptor)
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ANS and urmary bladder
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ANS and male reproductive system
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ANS and female reproductive system
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Figure 22-10 Autonomic innervation of the female reproductive system (see text
for details). Red = sympathetic nervous system, hlue = parasympathetic nervous
system. Solid lines = preganglionic fibers, dotted lines = postganglionic fibers. The
green lines indicate pain afferents.




