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Autonomni nervovy systém



Vyznam a regulacni povaha nervového systému
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Kortex —— Potencialni vstup Potencialni vystup —— Kortex
\ Integrace
/ CNS

Receptor Vstup Vystup Efektor

REGULACE




Zpétnovazebna regulace

Feedbac k—

Simple Feedback Loop
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Redistribution of Blood Flow During Fxercise

~ 1 L/min

0-25% 4-5% 20% 3-5% 15% 4-5% 15-20%

Cardiac output
5{/min. =5{/min.
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Redistribution of Blood Flow During Exercise

Cardiac output
25{/min \ = 25{/min.

100% 3-5% 4-5% 2-4% 05-1% 3-4% 80 - 85%

Heavy exercise A\ ~20{ /min.

Heavy
“ exercise _
P Rest
) A
Raat ~ 1 L/min
100% 20-25% 4-5% 20% 3-5% 15% 4-5% 15-20%
Cardiac output
Sf/mln. =5 ( /min.
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Somaticky a autonomni nervovy
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Somaticky a autonomni nervovy
systém
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Visceralni reflex
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Parasympathetic division

Sympatikus Parasympatikus
Fight or flight £ ﬁ\ = A, Rest and digest
resg System/function Parasympathetic Sympathetic se

Sootieb: Cardiovascular Decreased cardiac output and  Increased contraction and heart |,
potren: heart rate rate; increased cardiac output |
z3 _ — e orba
Pulmonary Bronchial constriction Bronchial dilatation )
Pregal Musculoskeletal Muscular relaxation Muscular contraction
neth Pupillary Constriction Dilatation loVy
- n
-Thorakg Urinary Increased urinary output; Decreased urinary output; ‘men a
Sy sphincter relaxation sphincter contraction ,
Gastrointestinal Increased motility of stomach Decreased motility of stomach kralni
Gal and gastrointestinal tract; and gastrointestinal tract; n
Parave increased secretions decreased secretions
- Try . E
symp Glycogen _to glucose  No involvement Increased wich
vl conversion bHMo v
Preven Adrenal gland No involvement Release epinephrine and 2ne
-Souca norepinephrine Ini g.)
aortrcus Sympathetic neurons

Efekt spisSe difuzni

ganglion /~Constricts
Pelvic urinary
plexus  sphingter

Inferior— V| VH : i
mesenteric =\ lr/ €| gxes urinary
7J_L/ sphincter

Prevertabral
ganglia

Stimulates emission erection

(ejaculation)

Stimulates penile} Male

\ Stimulates

Sy
) angorgement

)
(A
.

Stimulates contraction / §
of smooth muscle \

e

} Female
and secretions

Preganglionic
Postganglionic
Parasympathetic neurons

Preganglionic

Postganglionic

Efekt spise lokalni



Somaticky a autonomni nervovy
systém — mediatorové systémy
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Acetylcholin

Pregangliova vlakna
* Sympatikus

* Parasympatikus
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— Ligandem fizeny iontovy kanal
— Na+, K+, Ca2+
— Nervovy (Ny) a svalovy (N,,) typ

— Excitace
(a)
F . \A\& 'y ;
\“‘ “w |
6nm |

| “ (b) Acetylcholine

Synaptic | binding site

| / M2
space . @\ @I‘,‘Q/ahelix

3nm \ L | S
LA i /g \ "\ A \ 8 "1 o ‘[': a ":
G;\ ® |\ \W 4 8 \

4 @ 20m & F—;“T“_’i

http://www.mdpi.com/marinedrugs/marinedrugs-12-
02970/article_deploy/html/images/marinedrugs-12-02970-g013-
1024.png



)

M

\ /
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Centra kontrolujici autonomni
hervovy systém

Heat control
Sympathetic Parasympathetic

Water
balance
Feeding

Urinary bladder control

Pneumotaxic center ——— Adenohypophysis

Cardiac acceleration
and vasoconstriction

Cardiac slowing——

Mamillary body

—Pons

Respiratory center ——Medulla
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Centra kontrolujici autonomni
hervovy systém
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Hypothalamus

Klicové regulacni a
koordinacni centrum
Integrace informace ze
zevniho a vnitrniho
prostredi l

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

y/p/Hypothalamus.htm
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Hypothalams

e Klicové regulacni a
koordlnacm centrum
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Hypothalamus

e Klicové regulacni a
koordinacni centrum

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

y/p/Hypothalamus.htm
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Hypothalamus

Klicové regulacni a
koordinacni centrum

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

y/p/Hypothalamus.htm

http://www.slideshare.net/physiologymgmcri/hypothalamus-15-apr-2016



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
* 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 gonadotropic / 5

hormones 7

Suprachiasmatic nucleus
* receives input from retina

* controls circadian rhythms Ventromedial nucleus

* satiety center
* destruction results in obesity
and savage behavior

Arcuate nucleus
* produces hypothalamic releasing factors
 contains DOPA-ergic neurons that inhibit prolactin release

https://d26zfesik67yjk.cloudfront.net/361c35841d554b30a85962e9a342c8a9/c7af8f76e1dd465ba5b886ad34a65c20/e21bfcb6faf2bdedc82dd247369a7f260/40cbc004f494419eabd552fbc298e645.jpg?Policy=ey)TAGFOZW1lbnQiOiBbey)SZ
XNvdXJjzSI6ICJodHRwczovL2QyNnpmZXNpazY3eWprLmNsb3VkZnlvbnQubmVOLzM2MWMzNTgOMWQINTRiIMzBhODUSNjJIOWEzNDJJOGESL2M3YWY4Zjc2ZTFkZD Q2NWIJhNWI140DZhZDMOYTY1YzIwLyoiLCAiQ29uZGl0aW9uljog
eyJEYXRITGVzc1RoYW4i0OiB7IkFXUzpFcG9jaFRpbWUiOIAXNTc30DY1NjAWfX19XX0_&Signature=00ebw4KROVFSKJaiJxCjFmaolrqYOgYGE--PMklbJ5cdHF-twpl3a-1J~Ltufp4SQQI3~LyWEmkxgMhfqg-WV-D3Z-y~yb-
TDc~BWTFnf77cAbQdAmM1CTrPbrHEqfB36ho4B5nZdKO4hit4WiR6kHIoxXfZk69QrdJt5ulGuPrbbimAHLWGW-gRsx4bsW2nj41kxIN7Zd6MS8Dle7~-
XMAPsuQ1UkmYlawBBEz~75vs4Q6cylCLePT3B2e8qBpVR8y54h9gY63Uw4iohFPk2mmoa~FAWmMc6yfPZU9kK~u7cq~39~uJEIYXKC8W5Vy2IsDGeBtIfkAg3qWYdVIN2bXIA__&Key-Pair-ld=APKAJYAY3HIBJI7SI76A



MNeurogecretory cells produce

releasing and release-inhibiting
hormones.

These hormones are

secreted into a portal system.

Each type of hypothalamic
hormone either stimulates or
inhibits production and secretion
of an anterior pituitary hormone.

The anterior pituitary secretes
its hormones into the bloodstream.

gonadotropins
(FSH & LH)

Owvaries, Testes

/(/"

growth
hormone(GH)

Bones, Tissues

anterior pituitary —

portal system

prolactin(PRL)

Mammary
glands

pituitary

7\

adorenocortico
tropin (ACTH)

Adrenal cortex

hypothalamus

20
/e
/

thyroid
stimulating
hormone (TSH)

Thyroid

Neurosecretory
cells produce
ADH and oxytocin.

These hormones move

down axons to axon endines.

‘\When appropriate, ADH and
oxytocin are secreted from
axon endings into the blood stream.

posterior pituitary

A\

antidiure tic
hormone (ADH)

Kidney tubules

oxytocin

Mammary
glands

Smooth muscle

oxytocin

in uterus

https://s-media-cache-ak0.pinimg.com/originals/5a/0a/78/5a0a78d64a682fcf9c5eb3b10d37a2al.jpg



Entericky nervovy systém
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Submucosal
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Furness JB (2006) The Enteric Nervous System. Blackwell, Oxford, pp 274
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Entericky nervovy systém

Autonomie ma lokalni charakter
— Kontrola motility
— Kontrola sekrece
— Lokalni kontrola krevniho zasobeni

The Brain in Your Gut
The gut's brain, known as the enteric

nervous system, is located in sheaths of \ - Mesentery

tissue lining the esophagus, stomach, ) ¢ Attaches the

small intestine and colon. bowel to the
body wall and

SMALL INTESTINE CROSS SECTION contains major
arteries, veins,
lymphatics and

Submucosal pn‘us ............................ .
: external nerves.

Layer contains sensory
celis that communicate
with the myenteric plexus
and motor fibers that
stimulate the secretion of i
fluids into the lumen. TGy

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

Lumen NO NEMVES woeevere imanaanadine iy AW NE
actually enter this area, N\ A ;
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! 0. Gershon, Columbia Undversity

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



Entericky nervovy systém

e Autonomie ma lokalni charakter
— Kontrola motility
— Kontrola sekrece
— Lokalni kontrola krevniho zasobeni

* Autonomni nervovy systém

— Rizeni GIT jako celku

— Vzajemna koordinace Cinnosti vSech
organovych systému

25{/min = min
100% 3-5% 4-5% 2-4% 05-1% 3-4% 80 - 85%
Heavy exercise " ~20{ /min.
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/ ( ) %
‘\‘) b = Heavy
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z - @ % s Rest
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X , { | / i
Rest t/_ ( ~ 1 L/min

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

=5{/min.
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4-5% 15-20%

5{/min.

The Brain in Your Gut
The gut's brain, known as the enteric

nervous system, is located in sheaths of "\ -~ Mesentery

tissue lining the esophagus, stomach, Attaches the

small intestine and colon. bowel to the
body wall and

SMALL INTESTINE CROSS SECTION contains major
arteries, veins,
lymphatics and

external nerves.

Submucosal plexus
Layer contains sensory
celis that communicate
with the myenteric plexus
and motor fibers that
stimulate the secretion of H
fluids into the lumen. e

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

Lumen NO NEVES v
actually enter this 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! 0. Gershon, Columbia Undversity

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



ANS a kardiovaskularni systém

Srdecni vyde;j 25 {/min Eazrdsg'afm,zmpm Redistribuce krve

(vasomotorika)
100% 3-5% 4-5% 2-4% 05-1% 3-4% SO-V
Heavy exercise ' ~20{ /min.
8
\a ) Heavy
: exercise
' Rest
L
) ~ 1 L/min
Rest

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

Cardiac output
5{/min. =5{/min.

Nnttp://Z.0p.plogspot.com/_IVUULEYNSB4U/ 5991 I UruuilfAAAAAAAAALS/NPZSNB8YdzZj/Ss1obLu/realstrioutionornioodariow.jpg



ANS a kardiovaskularni svstem

Ve vazomotorice hraji

vyznamnou roli lokalni

regulacni mechnaizmy
Sympatikus

— Kontrakce cév v klzi
— Dilatace ve svalech

Parasympatikus

— Dilatace cévv GIT

Copyright © The McGraw-Hill Companies, Inc required for reproduction or display.

Artery

Sympathetic
nerve fiber

@ Strong

sympathetic
tone

@ Smooth muscle
contraction
Vasomotor ——

tone / \
}

@ Vasoconstriction

(a) Vasoconstriction

@ Weaker

sympathetic
tone

@ Smooth muscle
relaxation

@ Vasodilation

(b) Vasodilation

http://www.slideshare.net/getyourcheaton/autonomic-nervous-system-and-visceral-reflexes



ANS a kardiovaskularni systém

Sympatikus

Zvyseni srdecni frekvence
Zvyseni kontraktility
Zvyseni prevodni rychlosti

Parasympatikus

Snizeni srdecni frekvence
Snizeni kontraktility

Snizeni prevodni rychlosti

Mucleus of the
solitary tract

Dorsal motor nerve (IX)

nucleus of vagus

Baroreceptor
afferents

/

Preganglionic neurons
in intermediolateral cell
column of upper thoracic
spinal cord (T1-T5)

Cardiac=" {“-
plexus

Postganglionic
parasympathetic
fibers

Sympathetic chain
ganglicn

Postganglionic sympathetic —_



Baroreceptory a chemoreceptory

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—{ arterial pressure — L 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.

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.

https://i.ytimg.com/vi/RAhqTAcdh_4/maxresdefault.jpg



Baroreflex




ANS a mocovy mechyr

Sympatikus

Relaxace detrusoru
Kontrakce sfinkteru

Parasympatikus

Kontrakce detrusoru
Relaxace sfinkteru

Descending

brainstem H

inputs Sympathetic preganglionic
\ neurons (T10-12)

Postganglionic
parasympathetic
Urinary bladder Ax0ns

Afferents to
brainstem nuclei

inputs :
Inferior mesenteric ~ 3 i\
and pelvic ganglia
e
ST
' . [

Postganglionic
sympathetic axons

Visceral afferent

AXONS \

Sacral spinal

cord (S2-54) Parasympathetic
c Parasympathetic
preganglionic / ! .
neurons (S2-54) Somatic motor %:Eﬂ':;“ pelvic
\ Parasympathetic

preganglionic axons



ANS a muiské pohlavni vorgany

Q‘,!I

Sympathetic preganglionic

neurons (T10-L2)

Parasympatikus
— Erekce

Sympatikus
— Ejakulace



ANS a zenské pohlavni organy

Substantia  Dorsal root S;:[“‘Cb:':'c ‘
gelatinosa ganglion Inferior
| Sympathetic nerves mesonionc
| chain \ ganglion
Y
IML H
' D 1 root Substantia
b b gelatinosa
ganglion

Parasympathetic
~Hypogastric proganghonic
plexus nourons

Pain
aflerents

Female sex —
organ

Figure 22-10 Autonomic innervation of the female reproductive system (see text
for details). Red = sympathetic nervous system, blue = parasympathetic nervous
system. Solid lines = preganglionic fibers, dotted lines = postganglionic fibers. The
green lines indicate pain afferents.




